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DEPARTMENT OF THE NAVY
CRANE DIVISION

NAVAL SURFACE WARFARE CENTER
300 HIGHWAY 361

CRANE. INDIANA 47522·5001

U.S. Environmental Protection' Agency, Region V
Region V Waste Management Division
Attn: Ms. Carol Witt-Smith (HRP-8J)
77 West Jackson Blvd.
Chicago, IL 60604

Dear Ms. Witt-Smith:
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. _5090.3a
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5090
Ser 095/U5205
14 JUL 1995
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Crane Division, Naval Surface Warfare Center (NAVSURFWARCENDIV
Crane) submits three copies of the final Risk Assessment Workplan
(RAWP) for the Ammunition Burning Ground, Demolition Range, and
Old Rifle Range as enclosure (1). This RAWP includes revisions
made'to the June 1993 draft RAWP, incorporating U.S. EPA
comments. Rust Environment and Infrastructure request comments
by July 24, 1995 in order to begin field ,activities on August 21,
1995. Enclosure (2) contains the required certification
statement.

Encl:
(1) Final Risk Assessment Workplan
(2) Certification Statement

Copy to: (w/o encl)
SOUTHNAVFACENGCOM, (CODE 18564)
COMNAVSEASYSCOM (SEA 07E)
RUST, CHARLIE ZEAL
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I certify under penalty of law that this document and all 
attachments were prepared under my direction or supervision in 
accordance with a system designed to assure that qualified 
personnel properly gather and evaluate the information submitted. 
Based on my inquiry of the person or persons who manage the 
system, or those persons directly responsible for gathering the 
information, the information submitted is, to the best of my 
knowledge and belief, true, accurate, and complete. I am aware 
that there are significant penalties for submitting false 
information, including the possibility of fine and impris;onment 
for knowing violations. 
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PREFACE 

This preface is to inform the reader of a name change which occurred at Naval Weapons 
Support Center Crane (NWSCC) in 1992. The new name for the facility is Naval Surface 
Warfare Center, Crane Division (NAVSURFWARCENDIV). The former facility title of 
NWSCC may appear on Navy-modified figures or as a referenced information source. 
However, the work plan text correctly identifies the facility as NAVSURFWARCENDIV. 
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1 .O INTRODUCTION 

1.1 PROJECT DESCRIPTION 

This Risk Assessment Work Plan (RA WP) is submitted to the Southern Division, Naval 
Facilities Engineering Command in response to Contract Task Order (CTO) No. 0076 
under Comprehensive Long-Term Environmental Action Navy (CLEAN) Prime Contract 
No. N62472-90-D-1298 and Subcontract No. GCPP-91-001-1298. 

The purpose of the RA WP is to identify the activities associated with performing a human 
health and environmental risk assessment to address the human health and ecological 
impacts of past, present, and expected waste explosive open burning activities at Solid 
Waste Management Units (SWMUs) #03/10 (Ammunition Burning Ground) and #07/O@ 
(Old Rifle Range), and detonation activities at SWMU #06/OQ (Demolition Range) at the 
Naval Surface Warfare Center, Crane Division, Crane, Indiana (NAVSURFWARCENDIV). 
It should be noted that the Ammunition Burning Ground (ABG) includes an area known as 
the “Jeep Trail.” The Jeep Trail is located approximately one-half mile southeast of the 
ABG. This RA WP also identifies the sampling and analytical activities associated with 
gathering the additional information necessary to perform the risk assessment. It should 
be noted that air emission and air dispersion modeling results, to be generated by CLEAN 
CT0 Nos. 0052 and 0108, will be needed to perform the risk assessment in order to 
address impacts caused by inhalation and deposition of airborne contaminants resulting 
from the open burning and detonation activities. Since the air emission and air dispersion 
modeling are the focus of two other CTOs, details of these activities have not been 
included in this document. Rather, this RA WP addressed the type of output that will be 
generated from the CTOs and how that data will be incorporated in the risk assessment. 

When implemented, the RA WP will generate a risk assessment document that addresses 
the applicable Resource Conservation and Recovery Act (RCRA) related operating 
requirements (40 Code of Federal Regulations (CFR) Part 264 Subpart X (Miscellaneous 
Units)) and Corrective Action requirements for the ABG, Demolition Range (DR), and Old 
Rifle Range (ORR) as identified in NAVSURFWARCENDIV’s RCRA Part B permit. 

1.2 SUMMARY OF HUMAN HEALTH AND ECOLOGICAL RISK ASSESSMENT 
APPROACH 

The approach proposed for the human health risk assessment of these SWkKJs is 
consistent with the methods suggested by the U.S. Environmental Protection Agency 

l-l 
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!VolumeI. 
(USEPA, lQ8Qa). The approach proposed for the 
at these SWMUs is consistent with the methods suggested 

, Volumdt, Environmental 

1.3 OVERVIEW OF THE RISK ANALYSIS PROCESS 

A human health and environmental risk assessment is an organized approach that is used 
to evaluate the potential impacts of chemical contaminants associated with a site, e.g., 
SWMU, on regional public health and the environment. This approach is {designed to 
investigate in a consistent manner the two components which contribute most to 
environment’al risk - chemical toxicity (i.e., the ability of the chemical to adversely affect 
biota) and exposure (i.e., the extent of potential contact by people and other biota with site 
chemicals.) A baseline risk assessment is used to determine if humans or other 
environmental receptors could be adversely affected by the chemical substances presently 
associated with the site, assuming that no remediation of the present levels of site 
contamination will be conducted. 

This risk assessment will incorporate various types of input information in order to calculate 
“risk” to receptor populations. These inputs take the form of scientific/engineering data, 
state and federal regulatory policies, and conservatively-based subjective assumptions. 
The two latter forms of inputs are utilized in risk assessments in order to compensate for 
current limitations in scientific knowledge concerning the toxic properties of chemicals 
toward humans, the f&e of chemicals in a local (i.e., site-specific) environment, and the 
myriad of behaviors in a population. In general, these policies and assumptions have been 
designed for regulatory caution, i.e., they are designed to insure that the potential risks 
calculated for a site are not likely to underestimate actual risks that might be experienced 
by individuals currently or in the future. For example, among the potential human receptors 
that this risk assessment will address is an individual who resides near 
NAVSURFWARCENDIV. This person will be assumed to remain at this location 
24 hours/day, 350 days/year, for a life-time (by convention, 70 years). Therefore, this risk 
assessment will address a hypothetical population of people who are considered 
(reasonably) maximally exposed to off-facility impacts. This conservative approach to risk 
assessment provides the risk managers the assurance that the true risk to public health 
in the project area will be insignificant if the risks calculated in the assessment indicate 
“safety/acceptability.” 

l-2 
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1.4 ORGANIZATION OF WORK PLAN 

This work plan is structured to provide a sequential discussion of the components needed 
to assess the overall human he&h and environmental risks potentially posed by chemical 
releases from the three SWMUs (ORR, DR, and A5G). Section 2.0 describes project 
organization and personnel. Section 3.0 describes current conditions. Section 4.0 (Hazard 
Identification) the work plan progresses from the methods proposed to evaluate and select 
the chemicals of potential concern for this project, as well as the identification of 
appropriate populations, to descriptions of how often and how much exposure is potentially 
possible in these populations (Section 5.0 - Exposure Assessment), to a discussion of the 
toxicologiwi effetis of the contaminants in over-exposed individuals (Section 6.0 - Toxicity 
Assessment), and finally to a discussion on how the health risks to the impacted human 
population(s) will be assessed (Slection 7.0 - Risk Characteriz’ation). Section 8.0 
(Ecological Risk Assessment) discusses the approacih proposed to evaluate the extent of 
risk to non-human receptors from these three SWMUs. Sections 9.0 through 15.0 as well 
as Appendices A (Standard Operating Procedures), B (Health and Safety Plan), and C 
(Quality Assurance Project Plan) comprise a Sampling and Analysis Plan (SAP) detailing 
the collection of additional data required to assess the human health and environmental 
risks. 

1.5 SCOPE OF WORK 

IS.1 gbisctive 

The primary objectives of this project are to develop conceptual risk assessment models, 
identify the activities associated with performing a baseline risk ass8essment for soil, air, 
groundwater, and surface water/sediment at the A&G, DR, and ORR, and to prepare a 
SAP that describes how the additional necessary information will be coHected. The 
baseline risk assessment will address the human health and ecological impacts of the 
ABG, DR, and ORR in accordance with the requirements of 40 CFR Pa’rt 264 Subpart X, 
the RCRA Corrective Action requirements for ABG, DR, and ORR identified in 
NAVSURFWARCENDIV’s RCRA Part B permit, and USEPA’s December IQ89 RAGS. 

In order to respond to each of the risk-related issues raised in 40 CFR Part 264 Subpart X 
and to USEPA’s Notice of Deficiency (NOD) of the NAVSURRNARCEWDlVs RCRA Part B 
permit, three risk assessment exposure scenarios were designed. Each exposure scenario 
is applicable to each SVWlU. 

In Scenario A, burning and detonation activities will be assumed to occur indefinitely at 
ABG, ORR, and DR. Under this scenario, risk would be associated not only with the 

l-3 
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current levels of contamination at each of these SWhMJs, but also with air emissions 
(directly, and as they might contribute further to contamination in various secondary 
environmental media, i.e. soil and surface water). Scenario A thus provides a description 
of the total potential hazard asaocieted with each SWMU under ite current operation 
conditions. 

In the second and third scenarios (Scenario B and C), burning and detonation activities will 
be assumed to continue, at the SWMlJs for 100 years, at which time all burning and 
detonation operations at NAVSURFWARCENDIV would cease. In Scenario B, 
NAVSURFWARCENDIV would then be converted into a park/natural area. In Scenario C, 
the facility is developed into a residential area. Under these scenarios, the potential risks 
would be associated with the pfrojected concentrations of chemicalis in site media at this 
future date. The projected chemical concentrations in site media will be based on present 
levels of contamination, the assumption being that steady-state conditions with respect to 
contaminant sources hawe been reached. l 

. 1.5.2 pruimct Pm 

The project planning task includes activities from project initiation through completion of 
the project plans. The following project activities have been completed: 

A project scoping meeting involving Halliburton NUS Team technical specialists, 
and Navy and United States Amry Corps of Engineers (USACE) 
representatives. 
A site visit. 
Collection zind evaluation of existing available information. 
Preparation of the internal draft RA WP including the Work Plan, Health and 
Safety Plan (HASP) (Appendix B), and Quality Assurance Project Plan (QAPP) 
(Appendix C). 
Preparation of the draft RA WP including the Work Plan, HASP (Appendix B), 
and QAPP (Appendix C). 
Review of the draft RA WP by USEPA and NAVSURFWARCENDIV. 
Incorporation of USEPA and NAVSURFWARCENDIV comments on the draft 
RAWP. 

1 s.3 

The recommended procedures for performing the Human Health and Ecological Risk 
Assessment (HHERA) are identified in Sections 4.0, 5.0, 6.0, 7.0, and 8.0 of this Work 
Plan. 
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1 s.4 

The recommended field investigation activities are specified in Sections 8.0, 9.0, 10.0, 
11 .O, 12.0, 13.0, 14.0, and 15.0, and the HASP (Appendix B) and QAPP (Appendix C) in 
this Work Plan. The field investigation activities will include surface soil sampling, surface 
water and sediment sampling, animal and vegetation sampling, borehole drilling and well 
installation, and groundwater sampling at or in the vicinity of the three SWMUs. 

D:\CT07601\WPl\Sl 
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2.0 PROJECT ORGANIZATION AND PERSONNEL 

2.1 PROJECT ORGANIZATION 

The project organization chart shown on Figure 2-l shows the lines of communication and 
responsibility which will be adhered to during the RA. The Navy will solicit USEPA and 
Indiana Department of Environmental Management (IDEM) approval and input for the 
project. 

The Navy Remedial Project Manager (RPM) is in direct contact with the EPA and the 
CLEAN Program Manager. The Hallibution NUS Team Project Manager is responsible for 
completing the RA scope of work, and for controlling the budget and schedule. The Project 
Manager will maintain day-to-day contact with the Navy RPM. The personnel responsible 
for quality assurance, health and safety, and project control report directly to the CLEAN 
Program Manager. The Field Team Leader (FTL) reports directly to the Project Manager. 
The Site Health and Safety Officer and Site Quality Assurance (QA) Manager report to the 
FTL and also report independently to the CLEAN Health and Safety Manager and CLEAN 
QA Manager, respectively. 

2.2 QUALITY ASSURANCE 

Quality assurance is maintained from sample collection through laboratory alnalysis and 
data evaluation. The FTL is responsible for Quality Assurance/Quality Control (QA/QC) 
in the field. Field QC reviews are conducted on field documentation and through daily 
on-site QC checks. Laboratory QC is the responsibility of the contract laboratory as 
identified in the laboratory’s QA Plan which is an attachment to the QAPP. The laboratory 
reports go to the Site QA Manager and CLEAN QA Manager who track the QA process 
through data validation. The Site QA Manager is responsible for the evaluation of the field 
and laboratory QC measures for this project. The Site QA Manager acts as the liaison 
between on-site personnel, the CLEAN QA Manager, and laboratory QA personnel. The 
QAPP more fully explains field and laboratory QAIQC procedures. 

2.3 FIELD TEAM ORGANIZATION AND RESPONSIBILITIES 

The Halliburton NUS Team and subcontractors will perform field sampling activities under 
the direction of the FTL. Field team members and their responsibilities follow. 

2-l 
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FIGURE 2-1 
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2.3.1 

The FTL will have overall responsibility for completion of field activitiets according to the 
Work Plan. The FTL is the overall coordinator of activities at the site and is the 
communication link between field team members, the Site QC Officer, the Site Health and 
Safety Officer, the Field Data Coordinator (FDC), and the Project Manager. The FTL, in 
conjunction with the Project Manager, will assign specific field duties to team members. 
The FTL will be on-sit@ during field activities and oversee operations. The FTl will be 
responsible for mobilizaftion and demobilization of equipment and the field team and 
subcontractors. The FTL will oversee the activities of subcontractors on-site. Logistical 
problems hindering f&d activibies sut;h as equipment malfunctions or avalilabiiity, personnel 
conflicts, or wcaather-dependent working conditions will be relayed to the FIX and resolved 
by the FTL. The FTL cannot be the Site Health and Safety Officer. 

Field team members will report directly to the FTL and provide daily verbal progm!ss reports 
of fiald activities. The FTL is responsible for completing the Site Daily Logbook.. The FTL 
is responsible for informing the Projixt Manager of daily activities. The FTL is nssponsible 
for supplying fveld team members with appropriate feld notebooks and field documentation 
forms. 

2.3.2 

Field team members will report directly to the FTL. Field team members will collect 
samples, advanoe soil borings, and install groundwater monitoring wells. Decontamination 
of sampling equipment will be accomplished by the feld team under the direction of the 
FTL. Field team members will completeb fieM documentation forms as indicated in the Work 
Plan. Field team members will swbmit personal Daily Activities Reports to the FTL for 
compilation into the Sit@ Daily Logbook; the FTL will subsequently submit Daily Activities 
Reports to the Site QC Officer for review and filing. Field team members will submit field 
documentation forms to the Site QC Officer and will relinquish custody of field samples to 
the FDC. Field team members will asceist in sample packaging and shipping as directed 
by the FDC. All fiaild team members, subcontractors, and site visitors will comply with the 
provisions of the Site-Specific HASP. 

2.3.3 

The Site QC Officer will check the completion of Chain of Custody Records, packaging and 
shipment of samples, Sample Logbook entries, and paperwork for accuracy and 
compliance with USEPA protocols and other specified procedures. The Site UC Officer 
will check Daily Activities Reports and field data fours for accuracy and comipliance with 
the QAPP and Work Plan. The Site QC Officer is responsible for revi@wing the calibration 
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log sheets for field instruments. After review of these documents, the Site QC Officer is 
responsible for filing the field documentation. The Site QC Officer may be a member of the 
field team but cannot be the FDC. 

2.3.4 

The FDC will be responsible for maintaining an adequate supply of sample containers, 
preservatives, labels, and,shi;pping materials in the field. The FDC will complete the Chain 
of Custody Records, assign Site-Specific Sample Numbers, and contact the laboratories 
regarding the shipment and arrival of samples. The FDC will receive samples from the field 
team and paokage them for shipment. The FDC will ensure that custody seals are on 
shipping oontainers and that samples are shipped promptly. The FDC will file the shipping 
airbills in a secure area. The FDC will maintain sample collection, labeling, and shipment 
documentation in the Sample Logbook. The FDC will receive field documentation reviewed 
by the Site QC Officer, copy the documentation, forward the copies to the Project Manager, 
and file the original documentation in a secure area. The FDC may also be a member of 
the field team but cannot be the Site QC Officer or FTL. 

2.3.5 

The Site Health and Safety Officer (SSO) will be present on-site during Level A, B, or C 
field operations and will be responsible for health and safety activities and the delegation 
of duties to the health and safety staff in the field. Beacawse the Pham II RA activities are 
identified as low-hazard Level C or Level D, the SSO may direct si#e heralth ‘and safety 
efforts through an tiistant SSO approved by the Corporate Environmental Health and 
Safety Director (CEHSD). The SSO will be responsible for implementing the site-specific 
HASP. The SSO may direct or participate in downrange adis as appropriate when this 
does not interfere with primary SSO responsibilities. The SSO has stc~p-work authorization 
which can be executed upon his/her determination of an imminent saw hazard, 
emergency condition, ar other potentially dangerous situations, such as detrimental 
weather conditions. Authorization to proceed with work will be issued by the CEHSD in 
conjunction with the Project Manager. The SSO will initiate and execute contact with 
support facilities and personnel when this action is appropriate. The SSO cannot be the 
FTL. 

2.3.6 

On low-hazard Level C or Level D projects, the Assistant SSO may have collateral duties 
but must be qualified for the health and safety responsibility by the CEHSD. At Level A, 
B, or specific Level C sites, the Assistant SSO will be the downrange person who 
accompanies field sampling teams and will report to the SSO. Additionally, hbe/she will be 
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required to support the SSO when multiple operations are conducted that require 
monitoring and SSO surveillance. His/her primary responsibility is to provide appropriate 
monitoring to ensure safe field operations. He/she will have access to continuous 
communications with the Command Post. The number of Assistant SSOs will be 
dependent upon the number of downrange operations occurring simultaneously, the 
designated level of protection, and the individual assignments made by the SSO. The 
Assistant SSO will also share responsibility with the FTL and the SSO for ensuring that 
safety practices are followed by downrange teams. The assistant SSO cannot be the FTL. 

2.4 HUMAN HEALTH AND ECOLOGICAL RISK ASSESSMENT TEAM 

The Halliburton NUS Team will perform the risk assessment under the direction of team 
leaders as presented below. 

2.4.1 

The Human Health Risk Assessment Team Leader (HHRATL) will lhave overall 
responsibility for completion of the human health risk assessment in accordance with the 
RA WP. The HHRATL is the overall coordinator of human health risk assessment activities 
and is the communication link between the human health risk assessment team members 
and the Project Manager. 

2.4.2 

The Ecological Risk Assessment Team Leader (ERATL) will have overall responsibility for 
completion of the ecological risk assessment in accordance with the RA WP. The ERATL 
is the overall coordinator of ecological risk assessment activities and is the communication 
link between the ecological risk assessment team members and the Project Manager. 

D:\CT076Ol\WPl\S2 
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3.0 DESCRIPTION OF CURRENT CONDITIONS 

3.1 FACILIN LOCATION AND DESCRIPTION 

NAVSURFWARCENDIV is located in southwestern Indiana, approximately 40 miles 
southwest of Bloomington, Indiana, and occupies the northern half of Martin County and 
small portions of Greene, Daviess, and Lawrence Counties (Figure 3-l) (Murphy, 1992a). 
The site encompasses more than 100 square miles (62,463 acres) including 8OO-acre Lake 
Greenwood. It is located in a rural, sparsely populated area. The majority of 
NAVSURFWARCENDIV is covered by forest with the surrounding acreage either wooded 
or farmed land. NAVSURFWARCENDIV provides naval support for equipment, shipboard 
weapons systems, and ordnance. In addition, NAVSURFWARCENDIV supports the Crane 
Army Ammunition Activity (CAAA) including production and renovation of conventional 
ammunition, and storage, shipment, demilitarization, and disposal of conventional 
ammunition (Murphy, 199213). Detailed legal descriptions for each of the SWMUs 
addressed in this RA WP are given in subsequent SWMU-specific sactions. 

3.2 FACILITY HISTORY AND ACTIVITIES 

3.2.1 

In 1940, Congress authorized construction of a Naval Ammunition Depot (NAD) in southern 
Indiana, and in late 1941 the Burns City Naval Ammunition Depot was commissioned. In 
1943, NAD Burns City was renamed NAD Crane, and the Town of Crane was built to 
house the rapidly growing number of civil service employees. NAD Crane’s overall mission 
was to load, prepare, renovate, receive, store, and issue ammunition to the fleet. 

During World War II, NAD Crane’s mission expanded to include pyrotechnics production, 
mine filling, rocket assembly, field storage, torpedo storage, and ordnance spare parts and 
mobile equipment storage. During the 1950s several new departments were’created, the 
Ammunition Loading and Production Engineering Center (ALPEC) was transferred to 
Crane, and the Central Ammunition Supply Control Office (CASCO) was established. NAD 
Crane supplied ammunition to the fleet during the Korean and Vietnam Conflicts. During 
the Southeast Asia crisis, the number of full-time employees at NAD Crane grew to 6,800. 

In 1976, NAD Crane was designated Naval Weapons Support Center Crane (NWSCC). 
Its new mission was to provide support for ships and crafts equipment, shipboard weapons 
systems and assigned ordnance items, and to perform additional functions als directed. 
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In 1977, the Single Manager Concept was implemented. The CAAA was created, and the 
Army assumed ordnance production, storage, and related responaibilitiis as a tenant 
organization. Other functions remained Navy, and currently the Navy retains ownership 
of all real estate and kcilitiis at NWSCC. Responsibility for overall station safety, security, 
and environmental protection remains with the Commanding Officer, NWSCC. 

Most recently in 1992, NWSCC was designated NAVSURFWARCENDIV. Presently, 
approximately 4,000 people are employed at NAVSURFWARCENDIV. 

Operations specific to the ABG, DR, and ORR are detailed within Sections 3.4.1, 3.4.2, 
and 3.4.3, respectively. Operations withian the A&G and ORR can be generalized as open 
burning of waste explosive and explosive-contaminated materials, and operations within 
the DR can be oharacterized as ordnance detonation. 

3.2.2 

Following promulgation of the USEPA RCRA hazardous waste regulatory program, 
NAVSURFWARCENDIV filed notification and application to operate as a RCRA hazardous 
waste treatment, storage, or disposal (TSD) facility in October 1980. Interim status was 
granted suibject to operating requirements and appilicable technical standards found in 
Title 40 Code of Federal Regulations, Part 265 (40 CFR Part 265). 

Corrective Action programs established as part of the 1984 RCRA Hazardous and Solid 
Waste Amendments (HSWA) required NAVSURFWARCENDIV to address past releases 
of hazardous waste or hazardous constituents at SWMUs. Accordingly, 
NAVSURFWARCENDIV submitted a Hazardous Waste Management Report to the USEPA 
in January 1985. Following the Hazardous Waste Management Report, a RCRA Facility 
Assessment (A.T. Kearney, Inc., 1987) was conducted to characterkze the potential for 
releases of hazardous waste or constituents from 100 SWMUs. 

On December 23, 1989, the USEPA issued the federal portion of the Final R.CRA Part B 
permit for NAVSURFWARCENDIV to the U.S. Navy. This permit established the 
Corrective Action requirements and compliance schedules obligating the U.S. Navy to 
perform RCRA Facility Investigations (RFls) at 30 SWMUs, to conduct Corrective Measure 
Studies (CM%), and to implement Corrective Measures if needed. The Corrective Action 
requirements identifiid in the RCRA Part B pennit are directed prima@ at addressing the 
human health and ecological impacts of past waste management operations at 
NAVSURFWARCENDIV. The ABG, DR, and ORR were identified as SWMUs subject to 
further investigation pursuant to the Corrective Action requirements identified in the RCRA 
Part B permit. 
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On January 25,1991, NAVSURFWARCENDIV filed a RCRA Part B permit application with 
USEPA in order to obtain a Part 6 permit to continue waste explosive open burning 
activities at ABG and ORR and to continue waste ordnance detommtion actiiities at DR. 
These areas where open burning and detonation activities are occwning are considered 
“Miscellaneous Units” by the USEPA and are swbject to the requkements of 40 CFR 
Part 264 Subpart X. The January 25, 1991, application was reviewed by USEPA and 
found to be deficient. Therefore, on April 24, 1992, USEPA sent a NOD letter to 
NAVSURFWARCENDIV requesting additional information. 

One of the requirements of 40 CFR Part 264 Subpart X is that a miscellaneous unit must 
be designed and operated in a manner thatwil4 ensure protection of human health and the 
environment. Protection of human health and the environment includes, but 1s not limited 
to, prevention of any releases that may have adverse effects on human health or the 
environment due to migration of waste constituents in the groundwater or subsurface 
environment, in surface water or wetlands, on the soil surface, and in the air. 

In order to determine the potential human health and ecological impacts caused by past 
operations at ABG, DR, and ORR as required by the RCRA Corrective Action 
requirements, and to determine the potential human health and ecological impacts that 
may be caused by current and proposed operations at ABG, DR, and ORR as; required by 
40 CFR Part 264 Subpart X, a baseline risk assessment addressing soil, groundwater, 
surface water/sediments, and air will need to be performed in accordance with this RA WF! 

3.3 PHYSICAL CHARACTERISTICS 

This section briefly describes the climate, topography, hydrology, soils, geology, 
hydrogeology, and biology of NAVSURFWARCENDIV. More detailed descriptions are 
included in Section 3.4. 

3.3.1 

NAVSURFWARCENDIV is located in a temperate climate zone displaying a wide 
temperature range among seasons. The summers are warm and humid, and the winters 
are generally mild with short periods of very cold weather. The mean minimum 
temperature in January is 26OF, and the mean maximum temperature in July is 89°F. The 
area receives an average of 44 inches of precipitation annually, with 42 inches of rainfall 
and 15 inches of snowfall (NEESA, 1983). The prevailing wind is from the south-southwest 
(McElrath, 1988). 
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3.3.2 m 

The topography at NAVSURFWARCENDIV consists of undulating terrain dissected by 
many small drainageways. The elevation of the site ranges from 470 feet above mean sea 
level (MSL) at a southern drainageway to 860 feet MSL on a ridge in the west-central 
portion of the site. V-shaped drainageways in the north progress to 2,000-foot-wide 
floodplains in the south and rise to approximately 150 to 200 feet to the ridgelines (NEESA, 
1983). 

3.3.3 mdrology 

Six creeks receive drainage in five separate drainage basins at NAVSURFWARCENDIV 
(Figure 3-2). The six creeks are: Furst Creek, Sulphur Creek, Little Sulphur Creek, Boggs 
Creek, Turkey Creek, and Seed Tick Creek. Surface drainage from 
NAVSURFWARCENDIV eventually empties into the east fork of the White River, south of 
the facility. Situated within Crane are Lake Greenwood and several ponds. Lake 
Greenwood is the main source of water at NAVSURFWARCENDIV and is also used for 
recreation (NEESA, 1983). Each of the three SWMUs addressed in this work plan are in 
different drainage basins (separated by divides) from that of Lake Greenwood. Surface 
water flow within each of the three SWMUs is to the south, away from Lake Greenwood. 

3.3.4 &il 

Four soil units have been mapped at NAVSURFWARCENDIV in the mv of Martin 
tv. Indiana (McElrath, 1988) including Wellston-Gilpin, Wellston-B&s-Gilpin, 

Wellston-Berks-Ebal, and Wakeland-Wilbur-Haymond soils. These soils are primarily silt 
loams with permeabilities ranging from 0.6 and 2.0 in/hr. (McElrath, 1988). 

3.3.5 Geology 

NAVSURFWARCENDIV is located in the eastern flank Illinois Basin. Beneath 
unconsolidated colluvial and alluvial deposits, Paleozoic age sedimentary rocks underlying 
NAVSURFWARCENDIV have been deformed to yield a gentle dip of 50 feet per mile 
towards the west-southwest. Rock units in the basin are reported to exceed a thickness 
of 13,000 feet in some areas (Murphy and Ciocco, 1990). The distribution of the 
unconsolidated surficial deposits and bedrock units at NAVSURFWAR.CENDIV is 
presented in Figure 3-3. 

The bedrock surface at NAVSURFWARCENDIV is made up of lower Pennsylvanian and 
upper Mississippian age sandstones, limestones, and shales. A generalized stratigraphic 
column of bedrock units in the NAVSURFWARCENDIV area is shown in Figure 3-4. 
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In general, Mississippian-age Chester Series sandstones, shales, and limestones are 
exposed in the valley walls of eastern portions of NAVSURFWARCEN,DIV and in the lower 
elevations of deep valleys in the western portions. Pennsylvanian-age Mansfield 
Formation sandstone, siltstones, claystones, and shale are found at the crests of hills and 
ridges in eastern portions of NAVSURFWARCENDIV and as the surficial bedrock unit 
further west. The contact between the Mississippian units and overlying Pennsylvanian 
units is an unconformity formed by long-term erosion of the Mississippian surface (Murphy 
and Ciocco, 1990). 

3.3.6 m 

Hunt (1988) discussed regional groundwater trends pertaining to the unglaciated 
southwest portion of Indiana. In general, groundwater is contained in joint openings of 
limestone and sandstone aquifers. Based on studies conducted in the eastern portion of 
NAVSURFWARCENDIV (Hunt, 1988; Murphy and Ciocco, 1990) rock units considered 
to be aquifers and aquicludes are presented in Figure 3-5. Although u,nit thicknesses may 
vary, the distribution of bedrock units at NAVSURFWARCENDIV (Figure 3-3) suggests 
similar aquifer characteristics throvghout the facility. Surfrcial unconsolidated aquifers are 
thin and have limited potential as water supplies. 

Aquifers beneath NAVSURFWARCENDIV are considered to be vertically isolated from 
each other by interlayered shale beds which act as aquitards. Groundwater recharge 
occurs where aquifer units outcrop. After entering an aquifer outcrop, groundwater flows 
by gravity down the dip of the aquifer unit. Since the regional dip of rock units is to the 
southwest, regional groundwater flow in all aquifers is directed towards the southwest. 
Local groundwater flow at each of the three SWMUs (see Section 3.4) is consistent with 
the regional flow direction. The locations of each of the three SWMUs relat,ive to Lake 
Greenwood coupled with local and regional groundwater flow direotions indicate that 
groundwater from the three SWMUs does not discharge to Lake Greenwood. 

Local variations in bedding, dip, aquifer and aquitard, incision by surface drainage, and 
karstic conditions cause local groundwater movement at NAVSURFWARCENDIV to differ 
from regional trends Where erosion resulting from surface drainage has cut through 
aquifer units, springs and seeps are produced which locally complicate groundwater flow. 
Springs and seeps are prevalent at contacts between aquicludes and overlying aquifers. 
Groundwater flowing from springs and seeps into surface water can potentially m-enter the 
groundwater system as recharge to a lower aquifer outcropping downstream. 

In the eastern portion of NAVSURFWARCENDIV Hunt (1988) hypothesized lthat karstic 
conditions are present primarily in major drainage valleys where erosion has cut into 
pemreable sandstones overlying easily dissolved limestone units. Rapid infiltration within 
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the Big Clifty sandstone units has caused dissolution and weathering of the underlying 
Beech Creek Limestone. The result of this occurrence has been the creation of karst and 
collapse conditions along major drainageways within the eastern part of 
NAVSURFWARCENDIV. 

3.3.7 m 

NAVSURFWARCENDIV biological characterization is presented in the Initial Assessment 
Study (IAS) (NEESA, 1983), and summarized in the Final Environmental Monitoring Report 
(EMR) (Halliburton NUS, 1992). Listings of plants and animals found at 
NAVSURFWARCENDIV are also included,in the Final EMR (HaHliburton NUS, 1992). 

3.4 SWMU CHARACTERISTICS 

The following sections present background information specific to ABG, DR, and ORR. 
However, before discussing the three SWMUs separately, a general discussion of the 
disposal of waste explosives and ordnance is presented. 

In the interest of national security, enormous inventories of military ordnance items and 
bulk propellants, explosives, and pyrotechnics (PEP) are maintained at various military 
installations around the country. Because the ordnance items and PEP held i’n this military 
readiness stockpile are subject to deterioration and obsolescence, action has to be taken 
to safely remove and thermally treat these items on an ongoing basis. Other explosives 
wastes are generated at military manufacturing facilities such as NAVSURFWARCENDIV. 
This source of hazardous waste is generally composed of off-specification energetic 
materials. Off-specification materials are generally composed of the same ingredients that 
the specification materials are composed of, but do not meet all performance 
specifications. Off-specification items are sold as foreign sal]es to allied countries, 
reprocessed through a procedure known as renovation, or demilitarized. Off-specification 
materials are usually demilitarized. The term “demilitarize” means to render the item no 
longer functional for the intended military use and to free it of hazard to the point that 
materials (i.e., metal parts) may be sold as salvage to the general public (Murphy, W.L., 
1992b). 

Once ordnance or PEP is determined to be a waste materiial and designated for 
demilitarization, the proper demilitarization process is selected based upon a review of the 
physical and chemical characteristics of the waste material. If the waste material is 
determined to be highly energetic and expected to detonate with sufficient force, the 
demilitarization method of detonation is selected. Detonation can take place either 
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underground or on-grade (open detonation). Detonation of waste ordnance at 
NAVSURFWARCENDIV occurs at the DR as described in Section 3.4.2. 

If the waste material is not expected to detonate, it may be able to be demilitariied by the 
thermal treatment process known as open burning or flashing. In general, the waste 
material is received in bulk or loose form (i.e., not confined), placed in a burn pan or other 
similar device, remotely initiated, and allowed to burn. Open burning activities can 
generate ash which accumulates in the bum pan. The ash generated by the thermal 
treatment process (open burning) is collected, burned a second time, containerized in bulk 
containers, and disposed of off-site at a permitted hazardous waste fadlity. The ash is 
burned a second time by placing the collected ash on top of the contaminated material and 
dunnage being burned on the contaminated material burn pads at the ABG. Double 
burning is conducted because both Army and Navy safety regulations require the facility 
to flash/bum twice to insure that the material is no longer reactive (NWSCC, 1992a). Some 
of the PEP solvents that are burned are also FOOI-F905 RCRA-listed (40 CFR Part 261) 
solvents. Since these solvents are restritied from land disiposal unless established 
treatment standards are met for the waste, the ash from PEP/solvent treatment is placed 
in drums and kept segregated from the other ash prior to diisposal off-site (NWSCC, 
1992a). Open burning or flashing of waste materials at NAVSURFWARCENDIV occurs 
at the ABG and ORR. From approximately 1981 through 19IB3, the “Jeep Trail” area, 
located approximately one-half mile southeast of the ABG, was also used to bum-out 
bombs and flash powder. This Jeep Trail area has not been used since 1983 with the 
flashing operations now performed at the ORR (Murphy, 1992e). 

3.4.1 

3.4.1 .I Location and Description 

The ABG covers approximately 20 acres and is located as shown in Figures 3-6 and 3-7. 
The ABG is located in a remote area near the east center bouindary of the facility in the 
NW l/4 of Section 28 and SW l/4 of Section 21, T5N, R3W. The s’ite lies in the valley of 
Little Sulphur Creek (Murphy, 1992b). Liile Sulphur Creek is approximately 4.6 miles long 
from its northernmost headwaters to its intersection of Sulphur Creek south of the 
NAVSURFWARCENDIV. The stream consists of a north and a south fork from the 
headwaters to approximately the center of the ABG where it becomes a single channel 
(Murphy and Wade, 1994a). Surface drainage flows into and from the ABG via Little 
Sulphur Creek. The creek is intermittent in that its flow varies considerably w’ith the 
seasons. Some flow is usually present in the north and south forks above the center of the 
ABG. Downstream, however, the surface flow ceases in the dry months as the surface 
water is captured by vertical infiltration into the sandstone and limestone aquifer underlying 
the ABG. 
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Ordnance and ordnance-contaminated materials from NAVSURFWARCENDIV production 
areas have been taken to the ABG for disposal by burning since the 1940s. The burning 
ground is used extensively for destroying unwanted materials contaminated with 
explosives, bare explosives, rocket motors, candles, flares, solvents, detonators, and fuse 
materials. Several separate burning areas are located within the site proper. The largest 
quantities of materials were destroyed from 1956 to 1960, when 15,000 Ibs per day of 
smokeless powder was destroyed. In the same period, about 46,000 lb&per day of high 
explosives were burned. The area is also used for flashing the residue from bombs and 
projectiles after they have been subjected to melt-out or drill-out operations for removal of 
the bulk of the explosive (Murphy, 1992b). Powder flashing and bomb burn-out were also 
conducted at an area called “Jeep Trail”, which is located approximately one-half mile 
southeast of the ABG between Little Sulphur Creek and Jeep Trail 25. The location of the 
Jeep Trail is shown on Figure 3-7 with the layout of the Jeep Trail area shown on 
Figure 3-8. Figure 3-9 shows the location of the various open burning/thermal treatment 
units in the ABG. 

3.4.1.2 Description of Past Operations and Wastes Managed 

Many modifications have been made at the ABG to address changing military operating 
procedures and regulatory requirements. As a result of these modifications, several areas 
or activities addressed by this RA WP are no longer operational. These areas or activities 
are discussed below. 

Former On-Grade Berm Pads and Flash Pits 

Prior to construction and use of the steel pans (lined and unlined) used today for open 
burning operations, PEP was spread and ignited on pads or in pits (Murphy, 1992a). 
These burn pads and pits were reportedly in the area now occuipied by the clay-lined steel 
burn pans shown as Area 2 in Figure 3-9. 

Three surface impoundments were used for the purpose of removing liquids from otherwise 
combustible sludges resulting from the blending and loading of munitions. In 1982 the 
impoundments were modified to include a liner and leachate collection system for each 
one. Each of the impoundments were approximately 40 feet in diameter. The former 
covered impoundments are shown as open circles (Area 6) on Figure 3-9. The two 
impoundments next to one another held TNT, RDX, and breakdown compounds in water 
from the Rockeye and other locations within NAVSURFWARCENDIV. The impoundment 
in the upper left corner of Figure 3-9 held phosphorus compounds. The three 
impoundments have been replaced by the three sludge burn pads and associated tanks 
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shown as Area 1 on Figure 3-9. The impoundments are now empty and scheduled for 
closure. Two empty underground storage tanks (UST), scheduled for closure, were used 
to store runoff and leachate from the three Area 6 impoundments. Another underground 
tank (Area 6A) holds explosives wastes contaminated with pink water (Murphy, 1992a). 
The impoundments and USTs will be closed pursuant to a RCRA closure plan. 

Former Ash Pile 

The area labeled Ash Pile on Figure 3-Q is the site of a former stockpile of burn residue. 
The pile consisted of approximately 12,290 pounds of burn residue and was removed 
between July IQ86 and February 1987 pursuant to a RCRA closure plain (Murphy, 1992a). 
The function senred by the former Ash Pilie has been replaced by use of tarpead ash roll-off 
boxes shown as Area 12 on Figure 3-9. 

Pink Water Burn Pit 

Prior to approximately 1985, red water sludge was placed in and burned in an unlined pit 
in the location of the Pink Water Tanks (see Area 13 on Figure 3-9). This flashing process 
was relocated to the burn pads in approximately 1985 (NWSCC, 1992b; NWSCC, 1993b). 
The pink color of the water and sludge is caused by the presence of the explosives in the 
water and sludge. 

Former Primer Burn Box 

The former primer burn box (see Area 11 on Figure 3-9) was used for thermal treatment 
of ammunition components (for example, small impact sensitive primers) and pyrotechnic 
munitiions. The burn box has been decommi’ssioned with these activitieas now performed 
at the Primer Pit (Area 5 on Figure 3-9) and the Incendiary Cage (Area 8 on Figure 3-9) 
(Murphy, 1992a). 

Former Jeep Trail Burn Area 

From approximately 1981 through 1983 the Jeep Trail area shown on Figure 3-9 ‘was used 
to burn-out bombs and flash powder. Bombs were tilted up on-end west of Jeep Trail 25, 
filled with initiating powder, and flashead to finish the demilitarization process following 
wash-out. A trench was reportedly excavated west of Jeep Trail 25 to flash powder. The 
area has not been used for any operations since 1983 (Murphy, 1992a). Thle powder flash 
function served by this area has been relocated to the ORR. 
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3.4.1.3 Current Operations 

All treatment devices listed below are equipped with run-on and run-off controls in the form 
of lids for pans or drains with sumps (NWSCC, 1992a). 

Solid bulk propellant and explosives are open-burned (thermally treatsd) in 18 clay-lined 
steel pans (see Area 2 on Figure 3-Q). The pans are 14 feet by 7 feet, 12 inchIes in depth. 
The pans have aluminum lids to be used when the pans are not in operation. The 
maximum net bulk propellant weight for each pan is 1,500 pounds, whiile the maximum net 
bulk explosive weight is 500 pounds. The operator pours and spreads the 
propellant/explosive evenly and uniformly across the width of the pan. Every other pan in 
each row is loaded in this fashion. Remote initiation for each pan is accomplished by using 
a non-electric time fuse. The operator pulls the time fuse on each pan and then exits the 
area and goes to the office at the ABG. The average time taken for 1,500 pounds of bulk 
propellant to burn is 15 to 30 seconds, while 500 pounds of bulk exploisive can take 5 to 
IO minutes depending upon the type of explosive being burned (NWSCC, 1992a). 

High explosive production scrap is thermally treated in two pans of identical construction 
as the ones used for bulk propellant (see Area 3 on Figure 3-9). The maximum net 
explosive weight permitted for each pan is 500 pounds. The same burn procedure as 
outlined above for the Bulk Propellant and Explosive Burn Pans is followed. Length of burn 
time varies from 4 minutes to 1 hour for this operation due to the type of high explosive 
production scrap being burned and depending on amounts of wax or moisture (NWSCC, 
1992a). 

Primer 

The primer pit operation involves treatment of small explosive components suc:h as hand 
grenade fuses and cartridge primers. This operation consists of a small building, two 
gravity feed chutes, and two heavy steel pans with graded covers (see Area 5 on 
Figure 3-Q). The top of the pans are 7 feet by 5.5 feet taipering to 2.5 feet by 3.5 feet at the 
bottom. The pans stand approximately 2.5 feet to 3 feet tall. The lids have half-inch slots 
which allow oxygen to enter and hot gases to vent. A 12-inch hole is provided in the lid 
through which the primers are directed into the burn box. The two pans are separated and 
contained on three sides by metal-clad concrete walls. The walls are approximately 3 feet 
tall. The feed chutes are designed with double gates which allow the items to be directed 
into the fire box without a direct opening being present which would expose operators to 

3-l 0 



CLEAN CT0 #0076 
FINAL 

EPA ID No. IN6 170 023 498 
NAVSURFWARCENDIV RA WP 
July 1995 

possible fragmentation hazards. The amount of items to be fed in each increment is limited 
by explosive safety standards (NWSCC, 1992a). Burn times are typically 3 to 4 hours in 
length (NWSCC, 199310). 

Primer Pit Ash Inswction Pan 

One additional 14-foot by 7-foot pan is provided near the primer pit area for the purpose 
of ins’pection of treated primers (see Area 7 Figure 3-Q). No thermal treatment occurs in 
this inspection pan. Primers which have been treated at the primer pit are placed in this 
pan and visually inspected by the CAAA personnel to insure all have function~ed. These 
treated primers, after they have been inspected, are then transported to th’e Defense 
Reutilization Marketing Office (DRMO) to be offered for Salle as scrap metal (NWSCC, 
1992a). 

PEP-contaminated solvents are burned in one unlined steel pan (see Area 9 Figure 3-9). 
This pan is the westernmost pan of the three in Area 9 (Murphy, 1992a). This pan is 4 feet 
by 8 feet, 12 inches in depth. The maximum net explosive weight permitted to be treated 
at one time in this pan is 100 pounds. The operator pours the contaminated solvent into 
the pan. Remote initiation for each pan is accomplished by using a nonsslectric time fuse. 
The operator pu’lls the time fuse on the pan and then exits the area and goes to the office 
at the ABG. Average Ilength of time required for bum is 30 to 45 minutes. After all visible 
flames have subsided, the operators then go back in and clean up ash and any pop out. 

The PEP-contaminated solvents are generated by the following operations: 

l Solvents are used in munition production process to clean equipment and tools. 
These,solvents when used for cleaning become contaminated with the PEP. 

l Solvents are used in the production of pyrotechnic compositions as carriers for 
rubber binders. RCRA F-listed solvents most commonly used for this purpose 
are hexane and/or acetone. After mixtures are blended, thely are allowed to 
settle, and then solvents are then decanted and sent to ABG to be managed as 
a PEP-contaminated waste. 

l Solvents are also used during the production of explosive munition items. The 
solvents used during th’ese operations include toluene, cyclohexanone, I, I, l- 
trichlorethane, and carbon disulfide. 

l Toluene and acetone are currently used for tool and machine/equipment 
cleaning. The primary waste generated in these operations are rags soaked 
with explosive-contaminated solvents. 
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The waste ash generated by the burning of these waste solvents is collected and 
seg’regated from other ash streams at the ABG. This operation generates a very minimal 
amount of ash (NWSCC, 1992a). 

Waste scrap pyrotechnics desensitized in No. 2 fuel oil is burned in one unlined steel pan 
(see Area 9 Figure 3-Q). This pan is the middle pan in Area 9 (Murphy, 1992a:). This pan 
is 4 feet by 8 feet, 12 inches in depth. The maximum net explosive weight permitted to be 
treated in this pan is 100 pounds. The operator pours the fuel oil/pyrotechnic mixture into 
the pan. Remote initiation for the pan is accomplished by u’sing a no’n-electric time fuse. 
The operator pulls the time fuse on the pan and then exits the area and goes to the office 
at the ABG. Average length of burn is 30 to 45 minutes. After all visible flames have 
subsided, the operators then go back in and clean up ash and any pop out (NWSCC, 
1992a). Pop out refers to the materials that are ejected from the burn pan during the burn 
event. 

Scrap black powder desensitized in water is burned in one unlined steel pan (lsee Area 9 
on Figure 3-9). This pan is the easternmost pan in Area 9 (Murphy, W.L., 1992a). This 
pan is 4 feet by 8 feet, 12 inches in depth. The maximum net explosive weight permitted 
to be treated at one time in this pan is 120 pounds. The same procedure described above 
for the Waste Scrap Pyrotechnics Burn Pan is used here. Average length of tirne required 
for a burn is 60 minutes (NWSCC, 1992a). 

The waste red phosphorous and No. 2 fuel mixture is burned in unlined steel pans. 
Currently at the site, two sets of four pans are setup for this operation (see Area 4 
Figure 3-9). These pans are 4 feet by 4 feet by 12 inches in depth and are elevated 2 to 
3 feet off the ground by metal stands. The maximum net explosive weight permitted to be 
treated in these pans is 100 pounds per pan. The operator pours the red phosphorous/fuel 
oil mixture into the pan. Remote initiation for the pan is accomplished by using a non- 
electric time fuse. The operator pulls the time fuse on the pan and then exits thle area and 
goes to the office at the A,BG. Average length of time required for burn is 2 hours. After 
initial ignition the operators are allowed to enter areas not immediately adjacent to these 
operations. After all visible flames have subsided, the operators then go back in and clean 
up ash and any pop out (WWSCC, 1992a). 
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. 
Ink Water Tanks 

Two steel aboveground tanks were installed (see Area 13 on Figure 3-9) in approximately 
1985 to replace the function served by the former Pink Water Bum Pit. Pink water sludge 
is flashed in the burn pads with the water pumped to the B-160 treatment plant (NWSCC, 
1992b; NWSCC, 1993b). 

Jncendiay Caw 

The incendiary cage is set up primarily to allow the functioning of pyrotechnic devices and 
components. One mechanized conveyor runs from an adjacent building and ends over a 
caged bum box (see Area 8 on Figure 3-G). The bum box is contained within a reinforced 
concrete structure that has three walls, concrete floor, and heavy steel frame covered with 
a fine stainless steel screen. The screening serves to contain burning embers. The 
structure is equipped with run-on, run-off protection in the form of graded, perforated pipe, 
collection trough, and covered sump. The floor of the structure is insulated with sand to 
protect the concrete from the intense heat (NWSCC, 1992a). 

Contaminated Material Burn Pads 

Three concrete-lined burn pads have been provided for the flashing or thermal treatment 
of suspect explosive-contaminated materials (see Area IO Figure 349). Only two of the 
three pads are currently used. The pad near Area 9 in Figure 3-G is not used (Murphy, 
1992a). These contaminated materials include primarily cardboard, paper, or metal 
packaging which have been in physical contact with PEP materials. Also included are 
expended flare casings which have been generated from lot-acceptance function tests. 

The concrete burn pads have l&inch high sidewalls with 8-inch thick reinforced concrete 
floor sloped towards the center where a graded collection system directs any precipitation 
to a collection sump. The pads are surrounded by IS-foot tall chain link fencing1 and gates 
to aid in containing small bits of paper or cardboard prior to flashing or thermal treatment. 
The floor of these concrete pads is covered with 6 inches of s’and to prevent thlIe concrete 
floor from spalling due to intense heat of the burning operations. If materials to be treated 
are readily combustible, additional materials are not needed. If materials are primarily 
metal, uncontaminated lumber (dunnage) is used. Strict procedures are enforced to 
prohibit the use of PCP (pentachlorophenol)-treated materials for this purpose. 

Remote initiation of the burn pads is accomplished by using a non-electric time fuse. The 
operator pulls the time fuse on the pad and then exits the area and goeis to the office at the 
ABG. After initial ignition the operators are allowed to enter areas not immediately 
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adjacent to these operations. After all visible flames have subsided, the operators then go 
back in and clean up ash and any pop out (NWSCC, 1992a; NWSCC, 1993b). 

Three Sludge Burning Pans (SBPs) with double-walled underground tanks equipped with 
automatic leak detection receive explosive and pyrotechnic contaminated sludges from 
production operations at Minefill A Area, the Rockeye Area, and the Pyro-Production 
Building 133 (See Area 1 Figure 3-9). The northernmost pan is for RDX sludge, the 
southernmIost for phosphorus sludge, and the middle pan has not been used to date 
(Murphy, 1992a). The maximum amount of sludge that can be treated per month in the 
SBPs is 10,000 gallons. These units replace treatment operations previously provided by 
the surface impoundments. These sludges are transported to the ABG in a 1,250-gallon 
tank truck and placed in the SBPs, dewatered by gravity and an undIer-drain system, air- 
dried to an optimum point, ignited, and burned in-place. Each of the three subunits is 
separate from the others and has its own under-drain and filtrate storage system (double- 
walled underground tanks). Each subunit is equipped with a cover when the pan is not in 
use. 

Remote initiation for each pan is accomplished by using a non-electric time fuse. The 
operator pulls the time fuse on the pan and then exits tha area and goes to the office at the 
ABG. After all visible flames have subsided, the operators then go back in and clean up 
ash and any pop out (NWSCC, 1992a; NWSCC, 199313). 

3.4.1.4 Topography 

The ABG is located in the eastern part of NAVSURFWARCENDIV within the northern 
reaches of the valley of Little Sulphur Creek. The ABG is characterized by rugged relief 
with ground surface elevations ranging from approximately 580 to 800 feet MSL. Along 
the Jeep Trail portion of the ABG, to the southeast, the average elevation is approximately 
500 feet MSL. However, the valley slopes adjacent to Little Sulphur Creek rapidly 
approach elevations of 706 feet MSL. Ground surface elevations greater than 800 feet 
MSL occur within 1 mile of the ABG to the north, west, and southwest. 

3.4.1.5 Physiography and Hydrology 

Surface runoff at the ABG drains almost exclusively to the south and southeast through 
Little Sulphur Creek. Little Sulphur Creek exits the southeast boundary of 
NAVSURFWARCENDIV approximately 1.5 miles southeast of the ABG. Little Sulphur 
Creek merges with Sulphur Creek which in turn continues to flow south before discharging 
to Indian Creek. 
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3.4.1.6 Geology 

Detailed soil mapping (McElrath, 1988) in the vicinity of the ABG indicates the presence 
of primarily two soil units. These two soil units include the Burnside loam and Wellston- 
Berks-Gilpin complex (18 to 70 percent slopes). 

The Burnside loam is described as deep, well drained, moderately permeable soil. At the 
ABG this soil occurs on the Little Sulphur Creek valley floor. Consistent with McElrath 
(1988), this soil formed in loamy, skeletal al!uvium derived from sandstone, siltstone, and 
shale residuum. Bedrock in areas mapped as covered with Burnside loam generally 
occurs at depths between 4 and 5 feet below ground surface. 

The Wellston-Berks-Gilspin complex consists of moderately deep to deep, well drained, 
moderately permeable soils on uplands. At the ABG, these soils occur on the Little 
Sulphur Creek valley s’ideslopes ranging from 18 to 70 percent. These soils formed in 
material weathered from sandstone, siltstone, and shale. 

Bedrock 

Bedrock at the ABG has been described in detail by the U.S. Army Waterways Experiment 
Station (WES) (Hunt, 1988; Murphy and Ciocco, 1990; Murphy, 1992a). The bedrock 
surface beneath the ABG is composed of sandstone, shale, and limestone of the 
Pennsylvanian Age Raccoon Creek Group and the Upper Mississippian Age Staphensport 
Group (Figure 3-10). The contact between the Mississippian and Pennsylvanian strata is 
an unconformity formed by erosion of the Mississippian surface. The regional dip of the 
bedrock units is to the southwest at approximately 50 feet/mile. As presented by Murphy 
and Ciocco (1990), the bedrock units at the AGB are briefly descrihd in the following 
subsections. A vertical profile of the subsurface bedrock units along the axis of the Little 
Sulphur Creek valley from west to east is presented in Figure 3-11. 

Raccoon Creek Group (Pennsylvanian Mansfield Formation), 

The Mansfield Formation caps the hills and ridges at the ABG and ranges from 0 to 65 feet 
thick. The formation consists of interfingered sandstones, thin-bedded and laminated 
shale and sandstone, thin-bedded to massive carbonaceous shale, massive claystone, 
siltstone, and occasional thin seams of coal. The strata tend to pinch out laterally. 
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The Hardinsburg Formation occurs immediately below the MississilppianIPennsylvanian 
unconformity in many parts of the ABG. Its maximum reported thickness at the ABG is 
approximately 47 feet (Murphy and Ciocoo, 1990). The formation ccnsi:sts of thick, laterally 
variable beds of finegrained, friable sandstone, thickly bedded sandstone and shale, and 
carbonaceous shale. 

nda/Hanev Formd 

The GolcondalHaney Formation is present immediately below the 
Mississippian/Pen~nsylvanian unconformity where the Hardinsburg Formation has been 
removed by erosion. The GolcondaEHaney Formation varies from a few to 14 feet in 
thickness. It consists of crystalline, very hard limestone in beds 2 to 14 feet thick with 
interbeds of shaley limestone. The Golconda/Haney Formation forms the uppermost 
aquifer at the ABG. 

* . 
ra Ckfty Formation 

The Big Clifty is divided into two distinct lithologic members. The upper member is the 
Indian Springs Shale and consists of 20 feet of dark gray, platey to fissile carbonaceous 
shale. The lndi’an Springs serves locally as an aquiclude at the base of the 
GolcondalHaney aquifer in the western portion of the ABG, but is absent by erosion in the 
eastern portion. The lower member of the Big Clifty Formation consists of 40 feet of tan, 
massive fine-grained permeable sandstone that is cut by abundant intersecting joints. The 
lower portion of the Big Clifty and the underlying Beech Creek Limestone form the middle 
aquifer of the ABG. 

Beech Creek Form-1 

The Beech Creek Formation consists of very hard and dense limestone ranging from 18 
to 22 feet thick except in areas where dissolution has removed the upper portion. The 
limestone has numerous intersecting joints. Previously completed rock corings in the 
Beech Creek Limestone encountered voids interpreted as solution cavities, indicating that 
dissolution of the formation has produced buried karst conditions in the valley areas 
southeast and southwest of the ABG. 
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wren Forma 

The Elwren is a 20-foot thick unit of relatively impervious shale with claystone. It forms an 
effective aquiclude at the bas’e of the Beech Creek Limestone. The base of the Beech 
Creek (top of the Elwren) is exposed in several outcrops in the valleys within the ABG. 

3.4.@l.7 Hydrogtaology 

The geologic units previously described comprise three aquifers and three aquitards 
beneath the ABG. The Golconda/Haney Limestone, the Big Clifty Sandstone/Beech Creek 
Limestone, and the Beaver Bend Limestone comprise the upper, middle, end mr aquifer 
respectively. The three shale aquiterds include the Indian Springs, Elwren, and Sample. 
The Indian Springs Shale underlies the Golconda/Haney Limestone in the western and 
upper slopes portion of the ABG. The EMen Shale is an effective aquitard to groundwater 
moving through the Beech Creek Limestone and directs water laterally along the bedding 
contact and through joints in the Beech Creek (Murphy, 1992a). Where exposed in the 
valleys within the ABG, groundwater flowing along the top of the Elwren forms springs. 
The Sample Shale lies between the Elwren Shale and Beaver Bend Limestone. The 
Sample and Elwren collectively separate the Beaver Bend Limestone (lowermost aquifer) 
from the upper and middle aquifer. 

Analysis and interpretation of groundwater conditions at the ABG has been performed by 
Hunt (1988) and further summarized by Murphy (1992a). Groundwater from the 
GolcondalHaney flows into the ABG by seepage eastward along the top of the underlying 
Indian Springs Shale. Groundwater seeping from the GolcondalHaney eventually infiltrates 
the Big Clifty/Beech Creek aquifer (Hunt, 1988). 

The Big Clifty sandstone is hydraulically connected to the Beech Creek Limestone. 
Surface water enters the Big Clifty Sandstone outcrop in the central part of the ABG. 
During dry seasons, surface water becomes groundwater in the Beech Creek Limestone 
through the Big Clifty Sandstone outcrop area. During periods of heavy rainfall, the runoff 
flows out the east end of the site as surface flow (Murphy, 1992a). 

Groundwater in the Beech Creek enters the ABG from the north-northwest. Primary 
groundwater flow at the AGB is to the east and south down the Little Sulphur Creek 
drainageway (Figure 3-12). Secondary groundwater flow components are to ths southwest 
and south through Johnson Hollow. Figure 3-12 indicates a low groundwater divide 
trending approximately northeast-southwest along a line running between wells 03C26 and 
03C14. Surface and Golconda/Haney aquifer waters enter the Beech Creek east of this 
divide and exit the ABG to the southeast through Little Sulphur Creek drainage. The 
occurrence of the Indian Springs Shale in the western and west-central portion of the ABG 
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prevents direct recharge to the Beech Creek and restricts subsequent groundwater flow 
to the southwest through Johnson Hollow (Hunt, 1988). The occurrence of groundwater 
within the respective aquifers is shown on Figure 3-l 1. 

Dye trace studies performed by WES (Murphy and Ciocco, 1990; Murphy, 1992a) indicated 
that Spring A (Figure 3-7), located approximately 1.5 miles south of the ABG, and Little 
Sulphur Creek below Spring A are prime outlets for groundwater originating at the ABG. 

3.4.2 

3.4.2.1 Location and Description 

The DR is located as shown in Figure 3-6. The DR covers an area of 40 to 50 ac.res (A.T. 
Kearney, Inc., 1987). The! DR lies on two steep-sided ridgetops in the SW l/4 of 
Section 26, SE l/4 of Section 27, NE l/4 of Section 34, and NW l/4 of Section 35, T5N, 
R4W (Dunbar, 1982a). The east ridge is utilized by the U.S. Navy Explosive Ordnance 
Disposal (EOD) Detachment to detonate ordnance with an explosive limit of 500 pounds 
per detonation (Naval EOD, 1993). The south ridge is utilized by the CAAA to detonate 
ordnance. The majority of detonation activities at the DR are performad by the CAAA 
personnel on the south ridge. Four sedimentation ponds, as shown on Figure 3-13, 
receive runoff from the DR area. Pond No. 1 has NPDES Outfall No. 008, Pond No. 2 has 
NPDES Outfall No. 002, Pond No. 3 has NPDES Outfall No. 003, and Pond No. 4 has 
NPDES Outfall No. 004 (NWSCC, 1993a). 

3.4.2.2 Description of Operations and Wastes Managed 

NAVSURFWARCENDIV cornducts detonation of munitions, deteriorated compressed gas 
cylinders, suspect inert itemsI, white phosphorus munitions, and lithium batteries at the DR 
as shown in Figure 3-13. The DR was placed in operation during the 1940s. 

Ammunition or explosives to be destroyed by detonation are usually placed in pits 6 to 
12 feet deep. The depth of a hole is based on encasement of the munitions item and 
fragmentation range. Items are placed in these pits in a position that exposes the largest 
surface area to the influence of the initiating explosive charge. An adequate number of 
detonating blocks are placed in intimate contact with the items to be detonated. 

The detonating blocks are primed, and the pits are covered with 6 to 12 feet of earth. The 
earthen cover provides a muffling of the sound and blast effects, and reduction of 
fragmentation. Detonation is performed remotely using dual non-electrical initiation 
devices. Residual material from the detonation is usually left in place (A.T. Kearney, Inc., 
1987). 
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Detonation of items such1 as lithium batteries, white phosphorus munitions, suspect inert 
items, and deteriorated compressed gas cylinders with unknown contents is done on the 
surface, not buried. 

The existing detonation unit consists of 70 subunits (pits). The demolition range where 
these pits are located is approximately 2,500 feet in length and 1,000 feet in width. Each 
pit measures approximately 12 feet (width) by 12 feet (length) by 10 feet (depth). The 
materials to be detonated are typically palletized (unitized), packed into open-top drums, 
banded to pallets, and placed into the pits by use of all-terrain forklifts. Lids are placed 
back on the drums after they are packed with the item(s) to be detonated. 

Quantities of explosives detonated per pit varies depending on atmospheric conditions and 
the explosive item being treated. Generally, 500 pounds net explosive weighlt per pit are 
detonated between Ilate spring and early fall, 250 pounds net explosive weighit per pit are 
detonated between ea’rly fall and late spring. The DR ceases operation when the soil is 
frozen or extremely wet. The maximum amount of material treated per week (7 days) is 
245,000 pounds. On the average, the amount of material treated wouild be 87,500 pounds 
per week (5 days). During peak operational summer months, a minimum of 9 feet of 
earthen cover is required to provide adequate noise attenuation. Afte’r the range has been 
loaded, the area supervisor ensures all personnel have been cleared from the range. The 
supervisor and one other employee remain to initiate the time fuses. All personnel 
assemble at a safe diistance and independently count the number of detonations. After 
detonations, the supervisor tours the range to ensure all units have fired and no unsafe 
conditions have resulted. As a result of the supervisor’s verification, range personnel are 
allowed to again enter the area, pick up metal fragmentation, and prepare pits for reloading 
the next round of shots. Any scrap metal retrieved from the range is ‘flashed” or exposed 
to fire in pans at the ABG to assure no explosive contamination remains prior to being 
excessed as scrap metal (NWSCC, 1992a; NWSCC, 1993b). 

3.4.2.3 Topography 

The DR occupies a primarily north-south trending, steep-sided ridgetop alt elevations 
ranging from approximately 630 to 700 feet MSL (Figure 3-13). Steep slopes east, west, 
and south bottom out at approximately 500 feet MSL. Near the base of the slope, 
immediately east of the DR, the ORR lies at elevations between approximately 530 and 
500 feet MSL. 

3.4.2.4 Physiography and Hydrology 

Surface drainage from tlhe upland area encompassing the DR drains to ravines and 
tributary drainageways to the west, south, and east. Surface water runoff is intercepted 
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by sediment ponds (Figure 3-13) as it descends the adjacent steep-sided slopes. 
Ultimately, runoff directed east may reach Turkey Creek, runoff directed west may reach 
Boggs Creeks, and runoff directed south may reach the confluence of Turkey and Boggs 
Creek. Runoff dra’ining east and downslope of the DR reaches the ORR. Drainage at the 
ORR is directed east to Turkey Creek. 

Turkey Creek flows south-southwest to merge with Boggs Creek. Boggs Creek continues 
to flow south, eventually exiting the southern boundary of NAVSURFWARCENDIV. 

3.4.2.5 Geology 

Detailed soil mapping near the DR (McElrath, 1988) shows the area to be covered primarily 
by Zanesville-Udorthents complex soils and Wellston-Gilpin complex soils. Zanesville soils 
are found on the ridge top, while the udorthents correspond to areas which have been 
affected by earth-moving activities. At the DR these two soil types are intricately 
intermixed. Soils of the Zanesville-Udorthents complex are characteristically well drained 
to moderately well drained and have a fragi’pan. They formed in loess and in underlying 
material weathered from sandstone, siltstone, or shale. 

The Wellston-Gilpin complex soils occur on the sideslopes (12 to 70 percent slope) at the 
DR. These soils are well drained and moderately permeable. They also are formed in 
loess and material weathered from sandstone, siltstone, or shale. 

Bedrock 

As characterized by WES (Dunbar, 1982) bedrock occurs between 2 and 13 feet below 
ground surface.at the DR. Borings completed by WES (Figure 3-13) reveal that bedrock 
consists of interfingered and interbedded sandstone, shale, and coal seams from the 
Mansfield Formation of the Pennsylvanian Age Raccoon Creek Group (Figure 3-14). The 
shale and sandstone are thinly interbedded in nearly equal proportions. 

3.4.2.6 Hydrogeology 

Information on the hydrogeology of the DR was obtained from Dunbar (1982) and Murphy 
and Wade (1994b). Groundwater elevation data, obtained in 1991, depict a water table 
which mirrors the surfac;e topography (Figure 3-15). The historical water level 
measurements indicate groundwater elevations ranging from between approximately 650 
and 595 feet MSL. Groundwater elevations are highest in the northern part of the SWMU 
and decrease to the south. Flow in the Big Clifty-Beech Creek is generally to the south 
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and southwest, but locally flows southeast toward Turkey Creek near the Old Rifle Range 
in the northeast comer of Figure 3-15. The shape of the water table in the northeast corner 
of Figure 3-15 is distorted from the regional trend. The distortion is caused by drainage 
of the Big Clifty-Beech Creek aquifer through that portion of the aquifer that is exposed to 
near-surface flow through the alluvial soils at the Old Rifle Range (Murphy an’d Wade, 
1994b). The occurrence of groundwater at the DR appears to be tied to fractures with the 
interbedded shale and sandstone of the Mansfield Formation. 

3.4.3 

3.4.3.1 Location and Description 

The ORR is a 1 O-acre site located near the center of the facility in the NW l/4 off Section 35 
and the SW l/4 of Section 26, T5N, R4W (Figure 3-6). The ORR is another open burning 
area at NAVSURFWARCENDIV. Open burning/flashing, a thermal destruction process for 
explosive wastes, was and is operated at the ORR. The flashing operations were carried 
out in earthen containment structures or flash pits. Today, earth-filled steel pans are used 
(USACE, 1991). The area has also been used for “bomb cook-off’ teecsts (AT. Keamey, 
Inc., 1987). 

3.4.3.2 Description ctf Operations and Wastes Managed 

The majority of the open burning activity which takes place at the ORR is therm,al treatment 
of projectiles which have been loaded with ammonium picrate (also known as 
Composition D, Comp D, or “yellow D”), Ammonium picrate is bright yellow in color and 
is water soluble. Projectiles are commonly drilled out to remove the majority of the 
explosive filler. The remaining contamination is removed by providing an open fire under 
and around the projectiles. The operation is conducted within the standard 14-foot by 
7-foot steel pans, 12 inches deep, constructed of 3/8-inch carbon steel. These pans are 
elevated above the surface of the ground on concrete parking blocks. A 6-inch bed of 
sand under,and around the immediate pan area is provided to aid in the potential clean-up 
of any kick-out material. After being inspected for complete removal of explosive 
contamination, the steel projectile bodies are excessed as scrap metal. Currently, 16 steel 
pans are provided for this purpose (See Figure 3-16). The pans are arranged in groups 
of seven, five, and four. Each set is situated over lined containment. A net explosive 
weight limit has been established for explosive safety considerations. This limit is 
6,000 pounds per lined containment area. For example, as much as 6,000 pounds of 
explosive in projectiles can be distributed among the seven pans in one contained area, 
the five pans in the second area, or the four pans in the third area. One pan contains a 
4-foot by 8-foot pan used to thermally treat liquids which have contacted ammonium 
picrate. Typical liquids include water or denatured alcohol. In practice, the dissolved 
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ammonium picrate is thermally consumed after the liquid portion is boiled and vaporized 
or burned. 

The operator places the projectiles which are loaded with ammonium picrate into the pan. 
Remote initiation for the pan is accomplished by using a non-electric time fuse. The 
operator pulls the time fuse on the pan and then exits the area and goes to the office at the 
DR. Personnel are not allowed to work in the immediate area until the burn is complete. 
Average length of time required for a burn is 2 hours for projectiles and 30 minutes for bulk 
yellow D. Personnel can ‘work at the DR while burning is taking place at the ORR. After 
all visible flames have subsided, the operators then go back in and clean up ash and any 
pop out (NWSCC, lQQ2a; NWSCC, lOQ3b). 

3.4.3.3 Topography 

Near the base of the slope, immediately east and downslope of the DR, the ORR lies at 
elevations between approximately 530 and 500 feet MSL. The ORR occupies a roughly 
rectangular cleared area bordered on the east by NAVSURFWARCENDIV, Road H-8. The 
area east of the ORR continues to slope eastward toward Turkey Creek, where the 
minimum elevation is approximately 485 feet MSL. 

3.4.3.4 Physiography and Hydrology 

Runoff draining east and downslope of the DR reaches the ORR. Drainage at the ORR 
is directed east to Turkey Creek. The northern end of the ORR is drained by a perennial 
stream that flows southeast and east into Turkey Creek. 

Turkey Creek flows south-southwest to merge with Boggs Creek. Boggs Creek continues 
to flow south, eventuatly e.xiting the southern boundary of NAVSURFWARCENDIV. 

3.4.3.5 Geology 

At the ORR, the northern portion of the site is covered with occasionally floodecl Burnside 
loam, the western portion with Wellston silt loam, and the eastern portion with frequently 
flooded Haymond silt loam (McElrath, 1988). The Burnside loam is adjacent to tributary 
drainageways and consists of deep, well drained, moderately permeable soil. The 
Wellston silt loam occurs adjacent to Wellston-Gitpin complex soils of the DR and is 
similarly characterized. The Haymond silt loam was formed in silty alluviuim on the 
floodplain of Turkey Creek. The variability of soil thickness of the ORR reflects the 
erosional effects of the ancestral Turkey Creek and its tributaries. The thickest soil 
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corresponds to areas of deepest fluvial incision of the rock surface and subsequent alluvial 
(stream-deposited) and colluvial (slope debris) filling of the Turkey Creek Valley. 

At the ORR, the geologic setting has been characterized by WES during several 
investigations (Dunbar, 1982; Dunbar 1984; U.S. Army, 1991). The ORR is situated 
adjacent to the DR, but lower within the stratigraphic sequence than the DR. Accordingly, 
bedrock underlying the ORR is comprised of the Mansfield Formation of the Pennsylvanian 
Age Raccoon Creek Group (as at the DR) and the Golconda/Haney Formation and Big 
Clifty Formation of the Mississippian Age Stephensport Group. Borings completed by WES 
are shown in Figure 3-13. The interrelationships between the respective soil and bedrock 
units at the ORR are represented by the cross-sections presented in Figures 3-17 
and 3-18. The lithologic-characteristics of the bedrock units at the ORR and DR are 
consistent with regional descriptions previously presented in Section 3.3.5. 

3.4.3.6 Hydrogeology 

Hydrogeologic information for the ORR was obtained from Dunbar (1982) Dunbar (1984) 
and U.S. Army (1991) and1 Murphy and Wade (1994b). Groundwater level information and 
water table maps present’ed in these sources indicate that the uppermost occurrence of 
groundwater is within the alluvium which occurs over much of the ORR. Groundwater 
elevations within the underlying Big Clitty-Beech Creek aquifer are similar to those in the 
alluvium. The two units are hydraulically connected and considered one unconfined 
aquifer (Murphy and Wade, 1994b). Groundwater flow beneath the ORR is primarily to the 
east-southeast, toward Turkey Creek (Figure 3-19). The occurrence and movement of 
groundwater is closely tied to the bedrock surface (US. Army, 1991). Groundwater 
elevations range between approximately 510 and 495 feet MSL. Dunbar (1984) notes 
rather significant seasonal fluctuations in groundwater elevations (on the order of 5 feet). 

D:\CT07601\WPl\S3 
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4.0 HAZARD IDENTIFICATION 

4.1 I~NTRODUCTION 

The first step in the risk assessment process is hazard identification (NRC, 1983). Hazard 
identificatioin charaoteriizes in a qual~itative manner the potential hazard(s) posed by the 
site, focusing on the s~ources and chemicals likely to be responsible for the majority of the 
risk, the populations most likely to be exposed to these chemicals, anid how, where, and 
over what time period this exposwre would likely occur. 

A site visit to NAVSURFWARCENDIV was conducted by project personnel on 
November 16 and 17, 1992. Based upon the information obtained during1 this visit, a 
preliminary conceptual model was developed for the project. This prelimin’ary model 
addressed the known chemical release sources for the three S!@&lUs, the human 
population(s) that are likely to be reiceptors, and the critical exposure routes for these 
chemicals. 

Subsequent to this initial site visit and discussions with base personnel, project personnel 
received a number of documents describing past and currently on-going environmental 
studies at these three SWMUs. These documen;ts, listed below, provided the basis for the 
refinement of the preliimlinary risk assessment conceptual model for these three SWMUs. 

. Dunbar, J.B. 1,982. Hydrogeologic Investigation of Waste Disposal Sites at the 
Naval Weapons Support Center, Crane, lndiana. US. Army Engineer 
Waterways Experiment Station (prepared for the Naval Weapons Support 
Center, Crane, Indiana), Vicksburg, MS. 

l Dunbar, J.B. 1984a. Definition of Contaminated Ground-water Plumes at 
Selected Waslte Disposal Sites, Naval Weapons Support Center, Crane, 
Indiana. US. Army Engineer Waterways Experiment Station (prepared for the 
Naval Weapons Support Center Crane, Indiana), Vicksburg, MS. 

l Dunbar, J.B. 1984b. Hydrogeological Site Characterization for Old Rifle Range 
for Hazardoius ‘Waste Disposal Facility, Naval Weapons Support Center, Crane, 
Indiana. US. Army Engi’neer Waterways Experiment Station, Vicksburg, MS. 

. Halliburton NUIS. 19926. Air D’ispersion Modeling for the Open Detonation of 
White Pholsphorus Munitions at the Naval Surface Warfare Center, Crane, 
Indiana. 

. Halliburton NM. 1992b. Clean Air Act Amendments Work Plan for Naval 
Surface Warfare Center, Crane, Indiana (Draft). 
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Hunt, R.W. 1988. Geology and Hydrogeology of the Ammunition Burning 
Ground, Crane Naval Weapons Support Center. Technical Report GL-88-27, 
U.S. Army Engineer Waterways Experiment Station, Vicksburg, MS. 
Hunt, R.W. 1989 and 1990. Boring logs for RFI exploration borings at 
Demolition Area/Old Rifle Range. Well installation diagrams. ‘(Provided through 
personal correspondence with William L. Murphy, U.S. Army Waterways 
Experiment Station, Vioksbu~~rg, MS, January, 1993). 
Murphy, W.L. 1992a. Draft Phase Ill Groundiwater Release Characterization 
Report SWMU 03/10 Ammunition Burning Ground. U.S. Army Waterways 
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Lastly, these preliminary conceptual models were finalized based on a risk assessment 
work plan meeting held at the USEPA Region V office in Chicago on August 3, 1994, and 
on subsequent correspondences. 

4.2 ABG CONCEPTUAL MODEL 

4.2.1 

Based on the above descriptions of the past and present open burning activities at ABG 
(Sections 3.4.1.2 and 3.4.1.3), two observations pertinent to the risk assessment are 
noted. First, it is likely that hazardous constituent contamination due to past activiti~es has 
occurred in site soil, surface water, sediments and groundwater. Seoondly, this site is 
comprised of many independent activities, each conducted at varying frequencies, using 
different waste streams, and containing some similar and some unique contamination 
pathways. Thus, each of these ‘swbsites’ should be considered a potential source of 
chemical contamination in the risk assessment. Current activities also lead to 
contaminants being emitted into the ambient air from each distinct activity area. 

., 4.2.2 

Figures 4-IA, 4-l B, 4-K, 4-10, 4-2, and 4-3 depict the currently proposed risk 
assessment conceptual models for ABG under the three land use scenarios. Scenario A 
(Figures 4-IA, 4-1 B, 4-IC, and 4-l D) describes the model proposed if the current activities 
at ABG are assumed to continue indefinitely. Under this scenario, receptors’ would be 
exposed to current levels of contaminants in SWMU-impacted media as well as 
contaminants in ambient air as a result of the open burning activities. The ambient air 
concentrations of OB contaminants that will be used in this risk alssessment will be 
modeled data, as generated from two other CTOs (Nos. 0052 and 0108). Surface soil data 
at ABG will be treated as a single database, with the exception of the Jeep Trail Area. The 
Jeep Trail Area will be treated as a separate area at the SWMU. Soil data will be 
combined and screened to determine the chemicals of potential concern (Section 4.5) and 
statistically evaluated to ascertain the appropriate exposure concentrations for the 
exposure assessment portion of the study. Surface water data and sediment data will be 
evaluated as two sets of data in the risk assessment. For Scenario A, the existing 
production well at ABG represents the only on-SVVW exposure pathway for groundwater. 
Agricultural and vegetable plant materials at ABG are not currently planned to be sampled. 
Deer and turkey tissue will be sampled, however, as part of this assessment. 

Under Scenario A, three rec;eptor populations are envisioned. Base personnel and any of 
their family members (Figures 4-IA, 4-18) would be assumed to be exposed to surface soil 
as well as contaminants in ambient air while at home near Lake Greenwood as a result of 
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the activities. In addition, family members would be expected to be exposed to 
contaminants in surface water as Lake Greenwood is their primary source of drinking water 
and while swimming in the lake. An adult in this family will also be assumed to enter this 
SWMU 20-days each year as part of his/her job responsibilities at the base. 

A second receptor population envisioned in this scenario would be off-facility residents 
(Figure 4-IC), who could primarily become exposed to the existing chemical contamination 
in groundwater at this SWMU, after it has migrated away from ABG and from beneath 
NAVSURFWARCENDIV. These nearby residents, located off NAVSURFWARCENDIV 
property to the southwest of AGB would also be expected to come into contact, with 
SWMU-related hazardous constituents via surface water (springs) outflow. In addition, the 
off-facility residents would be expected to be exposed to airborne emissions from the open 
burning activities. If toxic bioaccumulative metals and environmentally persistent organic 
chemicals are found to be emitted into the ambient air from ABG, there is the potential for 
contamination of secondary and tertiary media, e.g., soil and plants, in the vicinity of these 
off-facility receptors, due to deposition of particulate matter from ambient air. 

Lastly, because the open burning activities are assumed to continue at ABG indefinitely, 
exposure of SWMU workers to SWMU-related contamination is expected to occur 
(Figure 4-ID). SWMU wolrkers would be expected to be exposed to contaminated air, 
surface soil, and groundwater at this SWMU. These receptors may also occasionally hunt 
deer and turkey which have been impacted by SWMU-related contamination. SWMU 
workers are not assumed to have significant contact with the springs which are located a 
considerable distance from the SWMU itself. 

In Scenario B (Figure 4-2) ,ABG activities are assumed to stop at some time in the future 
(e.g. 100 years). This area would then be converted into a public park/natural area, 
Visitors to and employees of this park/natural area would thus be expected to come into 
contact with contaminated surface soil, surface water (including springs at ABG), sediment, 
and groundwater at this site. Hunting activities in the park/natural area might expose 
receptors to contaminants via venison/turkey ingestion. With respect to groundwater 
contamination at ABG, a drinking water well should be assumed to be placed in any aquifer 
below this area and at any location within this SWMU. Thus, exposure to groundwater will 
be based on monitoring well data aggregated separately for each aquifer at ABG, and 
these data will be averaged for those monitoring wells located within a reasonable, 
theoretical capture zone for a hypothetical future water supply well. 

In Scenario C (Figure 4-3) ABG activities are also assumed to continue for 100 years, but 
the base is then developed into a rural residential area. Rural residents living on the 
former SWMU would be expected to come into contact with contaminated surface soil, 
surface water (including springs), sediment, and groundwater. As in Scenario B, exposure 
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to groundwater will be based on monitoring well data aggregated separately for each 
aquifer at ABG, and these data will be averaged for those monitoring wells located within 
a reasonab’le, theoretical capture zone for a hypothetical future water supply well. These 
future residents would also be expected to oonsume vegetables grown in contaminated soil 
in home gardens, and consume contaminated beef and milk from cattle raised for their own 
consumption. Finally, future residents would be expected to consume local deer and 
turkeys that they hunt. 

4.2.3 

4.2.3.1 Soil 

As part of a RFI at NAVSURFWARCENDIV, a Phase III Release Characterization Study 
is being conducted by the USACE at ABG in order to identify the nature, degree and extent 
of hazardous constituents in the soil. The objectives of Part 1 of the Phase Ill study (which 
has been completed) were to investigate background conditions and to locate probable 
sites of surface and subsurface releases and contamination. The second part of the 
Phase Ill study will define the limits of the contamination. At the time of the writing of this 
work plan, however, the Phase III, Part 2 work plan had not yet been completed. 
Therefore, the extent of soil data at ABG presently available is only that contained in the 
Phase III Part 1 investigation. 

Soil samples in Part 1 were collected from 12 boring locations at the ABG. These boring 
locations are shown in Figure 3-9. When soil thickness allowed, soil samples for chemical 
analyses were collected at the following depth intervals: 3 to 6 inches, 12 to 18 inches, 
18 to 24 inches, 36 to 42 inches, and 6 inches above the top-of-rock. Actual sample 
depths and their corresponding sample numbers are shown in Figure 4-4. Three samples 
(numbers I, 2, and 3) were selected to be background borings and were located several 
hundred feet to the southwest of the ammunition burning activities in the ABG area. 

All of the Part 1 soil salmples were analyzed for explosives, inorganics, volatile and 
semivolatile organic chemicals, and pesticides/herbicides. All data underwent a QAlQC 
review. In general, the contaminants found in the highest concentrations were explosive 
compounds, including 2,4-DNT, 2,6-DNT, TNT, Tetryl, DNB, TNB, RDX, and HMX, and 
metals including antimony, cadmium, chromium, copper, lead, mercury, nickel, silver, zinc, 
aluminum, cobalt, magnesium, manganese, and tin. Other contaminants found at much 
lower concentrations included other inorganics, polycyclic aromatic hydrocarbons (PAHs), 
volatile organics, and pesticides and herbicides. 

Based on the results of Piart 1 of the Phase III soils study (USACE, 1992), the Halliburton 
NUS Team concurs with the USACE that soils at the ABG have been sufficiently 
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characterized with these two exceptions: 1) no soil samples collected previously at this 
SWMU have been analyzed for chlorinated dioxins, and 2) no soil samples have been 
collected from the Old Jeep Trail Area. 

To address the dioxin issue, three soil samples will be collected from ABG from1 around the 
burn pans and pads (the most likely sources of dioxin/furan compounds at this SWMU). 
These three samples will be analyzed for dioxinsEfurans (PCDD/PCDmF) only. Three soil 
samples are being collected as background for DR (Table 4-l), and these samples will also 
be analyzed for dioxins/furans. If dioxinsjfurans are detected in the ABG soil samples, 
these concentrations will be compared to the concentrations in the DR background 
samples. The concentrations will also .-be compared to published anthropogenic 
background concentrations of dioxins found in the soils (Bumb et al., 1980; Nestrick et al., 
1983; Smith et al., 1983). If the concentrations in the ABG soil samples are consistent with 
those found in DR background soil and/or with concentrations commonly reported in 
background soils, dioxinsifurans will be treated in the assessment as anthropogenic 
contaminants that are unrelated to SWMU activities. 

An area of ABG that was not addressed by the Phase Ill Part 1 soils study is the former 
open burning area adjacent to the Old Jeep Trail. This area should also be viewed as a 
potential source of soil cointamination due to the burning activities that occurred adjacent 
to the trail in the past. For the purposes of this risk assessment, it is suggested that soil 
contamination adjacent to the Old Jeep Trail be treated as a contamination source 
separate from the ABG proper. It is recommended that two to five surface soil samples 
(grid composites) be collected from the old burn area. Chemical concentrations in these 
samples will be averaged for comparison to background samples. 

The “control” surface soil samples collected at ABG in the Phase Ill Part 1 study (USACE, 
1992) contained no explosives and no volatile or semivolatile organics: Several pesticides 
were detected at estimated levels in these samples, but are not felt to be related to ABG- 
specific burning activities. USACE interpreted these low levels of pesticides as due to their 
general past use at NAVSURFWARCENDIV. Therefore, Halliburton NUS Team views 
these three existing samples as acceptable background samples, with the pesticide levels 
considered as anthropogenic background. Table 4-2 summarizes the reaults of the 
analyses of the surface sloil background samples from the Phase III Part 1 study. 

4.2.3.2 Surface Water/Sediment 

As part of a RFI at NAVSURFWARCENDIV, surface water and sediment samples were 
collected by the USACE in March and July, 1992 at ABG and downstream of ABG (U.S. 
Army, 1992; Murphy and Wade, 1994a). The purpose of this sampling event was to 
evaluate the degree and extent of potentially hazardous constituents in surface water and 

4-6 



CLEAN CTO #0076 
FiNAl 

Primary 
Contaminant Source 

SWMU 103110 AMMUNITION BURNING GROUND 

Sludge Bum Pads and Associated 
Tanks (1) 

Bum Pans (2) 

Production Scrap Bum Pads (3) 

Red Phosphorus Bum Pads (4) 

Primer Pit (5) 

Surface Impoundments (6) 

Surface Impoundment Underground 
Storage Tanks (6a) 

Ash Inspection Pan (7) 

Incendiary Cage (8) 

PEP-contaminated solvents, 
liquids Bum Pads (9) 

TABLE 4-1 
Page 1 of3 

SWMUs 103110, 106109, 107109 
SURFACE SOIL 

SAMPLING AND ANALYSIS PLAN 

Analytical Data 
Currently Available1 

None 

One location (4 depths) 
between two westem-most 
bum pans (10/5190). 

None 

One location (5 depths) 
east of bum pads (1011 0/90). 

None 

One location (5 depths) 
southeast of one impound­
ment (1016190). 

None 

None 

One location (2 depths) 
southeast of cage (10/8/90) 

None 

EPA 10 No. IN5 170023498 
NAVSURFWARCENDlVRAWP 
July 1995 

Samples Neede<f 

None per USEPA direction. 

One grab sample downgradient from pans 
wiIhin UIIe~Creek drainage (PCDD, PCDF). 

None per USEPA direction. 

None per USEPA direction. 

None, activity such that soil contamination 
unlikely. 

None per USPEA direction. 

None per USEPA direction. 

None per USEPA direction. 

None per USEPA direction. 

Two grab samples from bum pad area (PCDD, 
PCDF). 
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Primary 
Contaminant Source 

SVllMU 103110 AMMUNITION BURNING GROUND 

Contaminated Material Bum Pads (10) 

Primer Bum Box (11) 

Waste Ash Rolloff Boxes (12) 

Pink Water Tanks (13) 

Old Jeep Trail Area 

Background 

SVIIMU #06109 DEMOLITION RANGE 

Army Detonation Area 

Navy Detonation Area 

Background 

TABLE 4-1 (Continued, 
Page 2 of3 

SWMUs 103110, 06109, 07/09 
SURFACE SOIL 

SAMPLING AND ANALYSIS PLAN 

Analytical Data 
Currently Availablel 

One location (4 depths) 
southwest of bum pads 
(1014/90). 

None 

None 

None 

None 

Three locations (8 depths) 
southwest portion of ABG. 
None for the PCDD, PCDF. 

None 

None 

None 

EPA 10 No. IN5 170 023 498 
NAVSURFWARCENDIVRAWP 
July 1995 

Samples Neede<f 

None per USEPA direction. 

None per USEPA direction. 

None. 

None per USEPA direction. 

Five discreet grab samples collected within the 
approximate limits of the former ordnance 
disposal pit. 

None, previous data will be utilized as 
representative of background conditions. 
See background at Demolition Range. 

Eight grid composite samples (subsamples 
collected within the four quadrants of each grid 
square). 

Three grid composite samples. 

Th;ee grab samptes within l,,".JeIlstoii-Gilpiii 
Complex soils, north of the active detonation 
area will also serve as background for PCDD, 
PCDFatABG. 



CLEAN CTO 10076 
FINAL 

Primary 
Contaminant Soyrce 

SWMU #07109 OLD RIFLE RANGE 

Target Area 

Background 

TABLE 4-1 (Continued) 
Page30f3 

SWMU. #03110, 06109, 07109 
SURFACE SOIL 

SAMPLING AND ANALYSIS PLAN 

Analytical Data 
Currently Available1 

None 

EPA to No. IN5 170023498 
NAVSURANARCENDWRAWP 
July 1995 

§amples Neede<!2 

Three grid composite samples. 

Three grab samples within Wellston Silt Loam, 
north-northeast of ORR. 

lFrom U.S. Army Corps of Engineers, Waterway Experiment Station, RFI ABG Phase 11\ SOils Report, Part 1 (1992) and RFI ORR Phase 1\ Soils Report (1991). 
2At each location soil will be collected from 0 to 6 inches below ground surface. 

D:ICT076111_IITAS4-1.-1 
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Chemical 

Antimony 
Arsenic 
Beryllium 
Cadmium 
Chromium 
Copper 
Lead 
Mercury 
Nickel 
Selenium 
Silver 
Thallium 
Zinc 
Aluminum 
Barium 
Cobalt 
Iron 
Magnesium 
Manganese 
Tin 
Sodium 
Heptachlor 
2,4-0 
2,4,5-T 
Endrin 

TABLE 4-2 

SUMMARY OF INORGANIC CHEMICALS AND 
PESTICIDES DETECTED IN SURFACE 

SOIL BACKGROUND SAMPLES' 
AMMUNITION BURNING GROUND 

Range of 
Frequency of Detection 
~tectionb (mg/kg) 

0/3 NA 
3/3 7.5 - 9.4 
3/3d 2.2 - 2.8 
1/3 0.7 
3/3 21.9 - 25.6 
3/3 7.7 - 18.5 
3/3 23.1 - 20.4 
2/3 0.26 - 0.28 
3/3 16.8··23.5 
3/3 0.3 - 0.5 
0/3 NA 
2/3 0.2 - 0.3 
3/3 60.6 - 102 
3/3 10,300 - 12,200 
3/3 109 - 135 
3/3 14.8 - 18.5 
3/3 25,400 -16,100 
3/3 860 - 1,080 
3/3 1,220 - 1,490 
0/3 NA 
0/3 NA 
2/3 0.0016J - 0.0022J 
1/3 0.0050J 
2/3 0.0069J - 0.01 OJ 
1/3 0.0006J 

Arithmetic 
Mean 

ConcentrationC 

(mg/kg) 

NA 
8.7 
2.4 
NA 

23.3 
12.6 
24.3 
0.27 
19.8 
0.39 
NA 

0.25 
78.6 

11,500 
119.i' 
16.3 

34,100 
980 

1,31i' 
NA 
NA 

0.0019 
NA 

0.0085 
NA 

a Background consists of surface soil samples 01#1, 02#1, and 03#1 from Part 1 Phase III Soils Report 
(USACE, 1992). 

b 

c 

d 

J= 

Note: 

Total number of samples in which the contaminant was detected divided by the total number of 
samples analyzed. 
Average of detect concentrations. 
Spiked sample recovery not within control limits. 
Estimated value below the statistical quantitation limits. 

Heptachlor was frequE!ntly found in method blanks. 

D:\CT07601\WP1\TAB4·2 
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sediment related to past activities at ABG. In addition, as part of the Phase Ill 
Groundwater Release Characterization Study (Phase Ill Report; Murphy, 1992a; see 
Section 4.3.2.1) seven regional springs were sampled for water quality analyses on six 
occasions during the period from December, 1987 through January, 1992. One of the 
springs, Spring A, was also sampled a seventh time, in February, 1990. The springs were 
sampled in order to evaluate the potential for groundwater that discharges from the Beech 
Creek aquifer to impact surface water quality (streams and creeks) south of ABG (and 
south of the Jeep Trail area). 

Eleven locations were selected by USACE for the surface water and sediment sampling 
events in March (Round 1) and July (Rou-nd 2) 1992 (see Figures 3-7, 3-8, and 3-Q). 
Table 4-3 summarizes the analytical parameters which were chosen for the analyses. In 
general, samples were analyzed for selected inorganic and organic constituents including 
volatile and semivolatile organic compounds (VOCs and SVOCs), explosives and 
pesticides/polychlorinated biphenyls (PCBs). However, surface water was analyzed for 
pesticides/PCBs only during Round 2 (July, 1992). 

The eleven sampling locations include three background (upstream) samples (north and 
west of ABG): ABG-1, ABG-2 and ABG-3. Two locations were selected for on-SWMU 
sampling at ABG (ABG-4, and ABG-5) to reflect distinct surface drainage pathways from 
the northern and western portions of the SWMU. A third on-SWMU sampling location, 
(ABG-6) was used to monitor surface water/sediment downstream of ABG-4 and ABG-5, 
along the axis of the valley. The remaining sample locations (ABG-7 through ABG-11) 
were located progressively downstream of ABG and, ultimately, downstream of the Jeep 
Trail Area, along Little Sulphur Creek. Sampling locations ABG-9, ABG-I 0, and ABG-1 1 
were appropriately located to monitor potential impacts related to surface water recharge 
from the Beech Creek limestone at nearby springs (Springs A and C). 

The results of the two sampling rounds conducted in 1992 indicate that potential 
contaminants were generally detected less frequently in surface water than in sediments 
(Murphy and Wade, 1994a). For surface water, several inorganic constituents, such as 
aluminum, barium, manganese, magnesium and nitrates, were detected at most of the 
sampling locations” Chromium, cadmium, copper, lead and zinc were detected less 
frequently in surface water. Three explosives (2,4-DNT, HMX and RDX) were detected 
only in those surface water samples collected at downstream locations: ABG-7, -8 and -9. 
No VOCs were detected in surface water, and bis(2-ethylhexyl)phthalate was the only 
SVOC detected (occurred only at ABG-6). Metals, nitrates and explosives were found 
somewhat more frequently or at higher levels in the surface water samples collected during 
Round 2 (summer) than during Round 1 (spring) (Murphy and Wade, 1994a). The greatest 
frequency of surface water detections was associated with locations ABG-7 and -8. In 
addition, some of the most elevated parameter concentrations (i.e., for aluminum, 
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ABG SURFACE WATER, SEDIMENT AND SPRINGS 
SUMMARY OF ANALYTICAL PARAMETERS FOR EXISTING DATABASIE * 

Param&r Group 

lnorganics 

Volatile Organic Chemicals 

Semi-volatile Organic Chemicals 

PesticidesIPCBs 

Sediment : jDrinas 

3192 & 7192 3192 & 7192 ‘l/92 (I) 

3192 & 7192 3192 & 7192 l/92 

3192 & 7192 3192 & 7192 

7192 (only) 3192 & 7192 

Explosives: 
HMX 3192 & 7192 
RDX 3192 & 7192 
TNT 3192 at 7192 
DNB 3192 & 7192 
TETRYL 3192 & 7192 
TNB 3192 & 7192 
2,4-DNT 3192 & 7192 
2,6-DNT 3192 & 7192 

3192 & 7192 1 I92 
3192 & 7192 1192 
3192 & 7192 II92 
3192 & 7192 
3192 & 7192 
3192 & 7192 
3192 & 7192 
3192 & 7192 

NOTES l : Table lists the dates (i.e., “3192”) for the most recent sampling events that include the 
designated parameters. 

(I): I = @cornrAe&; not all the analytes recommended for the health risk assessment were 
included for the parameter group (but a significant number of the analytes were included in 
the existing database). For those parameter groups in which none of the analytes were 
monitored (or in which only a few analytes were analyzed), the table is left blank. 

Source: Murphy and Wade, 1994a. 
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chromium, HMX, manganese, nitrates and RDX) were associated with locations ABG-7 
and/or -8. 

All of the monitored metals (USEPA Methods 601 O/Series 7000) were detected in sediment 
samples. Antimony, mercury and thallium were characterized by limited distributions, but 
nitrates and all other metalis were detected at almost all of the sampling locations (Murphy 
and Wade, 1994a). Among explosives, detections were associated with five constituents: 
2,4-DNT, HMX, RDX, TNB, and TNT. Several VOCs were detected and were widely 
distributed among the sampling locations. A few SVOCs were also detected in sediment 
samples but usually at levels below the sample quantitation limits. Several 
pesticides/herbicides were detected at several locations (mostly downstream of ABGS) 
but were present at only low levels (CO.0097 mg/kg). PCB detections in two samples 
(ABG-4 and -9) were considered to be artifactual, based on comparisons with the detected 
levels reported in associated blanks. PCBs were detected at only two other locations (for 
one sampling round each), at ABG-1 and ABG-8, and these detections were at low 
concentrations (0.0023 and 0.046 mg/kg, respectively). 

The existing analytical database is viewed as usable for risk assessment purposes for the 
chemicals evaluated and thus is proposed for use as the primary surface water and 
sediment databases for ABG. These existing databases need to be supplemented, 
however, with additional data as recommended in Table 4-4. 

Two new surface water/sediment sampling locations are recommended to address 
potential impacts related to the Jeep Trail area, designated ABG-12 and A&G-13 in 
Figure 3-8. No analytical data exist for the central portion of the Jeep Trail area or for 
surface water/sediment immediately downstream of this area (along Little Sulphur Creek). 
Sampling of surface water and sediment is also recommended for three background 
(upstream) locations in order to expand the number of sampling rounds and sampling 
points which comprise the background database: a repeat sampling event at ABG-I and 
sampling at two new points, ABG-14 and -15, to be located approximately 500 and 
1000 feet westerly (upstream) from ABG-1 (Figure 3-7). 

Inorganics, VOCs, SVOCs, explosives, and water quality parameters should be evaluated 
in the new samples representing A&G-12, ABG-13, ABG-14 and ABG-15. These data 
would then be added to the existing databases for the risk assessment. Analyses for 
pesticides/PCBs are not proposed due to the low level and/or infrequent detections of 
these constituents, as demonstrated in the existing surface water/sediment databases 
(Murphy and Wade, 1994a). Furthermore, a review of past activities and practices for ABG 
does not indicate that this group of chemicals has been handled at ABG. 
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For the risk assessment, surface water and sediment analytical results will be evaluated 
separately (evaluated by medium). Within each medium, analytical data should be 
grouped according to location and evaluated by individual groups. It is suggested that the 
data be segregated into the foll~owing groups (listed below), which reflect whether the 
samples were collected at on-SWMU locations, upstream locations, or downstream 
locations: 

stream ABG On-SWMU ABS m-SwMUl 

ABG-1 ABG-4 ABG-7 
ABG-2 ABG-5 ABG-8 
ABG-3 ABG-6 
ABG-14 
ABG-15 

Jeep Elba Pownstwml ittIe Sulghur Creek 

ABG-12 ABG-9 
ABG-13 ABG-10 

ABG-1 1 

4.2.3.3 Springs 

Springs A, B, and C are located along the southern portion of the Little Sulphur Creek 
valley, south of ABG and the Jeep Trail area (see Figure 3-7). Springs D, E, F, and 
Mountain Spring are located north of ABG (see Figure 3-7). 

The existing analytical database for the three springs along Little Sulphur Creek, 
documented in the Phase Ill Report (Murphy, 1992a), is also viewed as usable for those 
analytes evaluated and should be used as the primary data source for the risk assessment. 
The most reoent data availabl’e from this database (data collected on January, 1992) will 
constitute this database. Data from the earlier sampling events should also be examined 
and summarized for any Iparameters that may have varied significantly over time. 

The analytical database s’hould be supplemented with additional data, recommended for 
sampling in 1995. Additional sampling is recommended to address current data needs. 
Table 4-3 summarizes the analytical parameters induded in the existing database. The 
data deficiencies include certain metals, cyanide, and SVOCs. 
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In general, the contaminants found in samples collected from springs south of ABG 
(Springs A, B, and C) include TCE, RDX, TNT, and barium. Detections from the remaining 
four springs located north of ABG include trichlorethylene (TCE), di-n-butyl phthalate, RDX, 
mercury, and methoxychlor. These analytes were each detected for singular events and 
only from a single spring. In addition, barium was detected on one or two occasions at 
each of the northern springs. Because dye tracer results do not suggest a link between 
Beech Creek groundwater and the northern springs, the source of these contaminants is 
not likely to be related to ABG. 

The Phase Ill Report surnmarizes dye tracer studies conducted in 1990 and 1991 which 
were used to evaluate the relationship between regional springs and groundwater at ABG. 
Based on these previous studies, Spring A appears to be the primary outlet for ABG water 
with respect to the Bee,ch Creek aquifer (when compared to other regional springs). 
Limited hydraulic connecl:ions with the Beech Creek unit (and ABG groundwater) possibly 
exist for Springs B and C (Murphy, 1992a). For this reason, these three springs are 
recommended for additional sampling. Spring A should be sampled for all analytes 
(inorganics, VOCs, SVOCs, explosives) to provide verification of the existing database. 
These data are currently lacking in the existing database. Springs B and C should be 
sampled for a selected number of metals, cyanide, SVOCs, and explosives (Table 4-4). 
These latter two springs will therefore be sampled only for those key parameters currently 
lacking (from a risk assessment perspective) in the existing analytical database. 

In addition, Spring 8 and Spring 10 should be sampled for VOCs, SVOCs, inorganics, 
explosives, and water quality parameters. These springs are located off-facility south of 
Springs A and B, near the boundary wells (“B” monitoring wells). A weak dye tracer test 
response was noted at Spring 8 in 1991, suggesting a possible relationship with ABG 
groundwater (Murphy, l!D92a). This spring reportedly has a long history of use by the 
public. No analytical data currently exist for Spring 8 and Spring IO,. 

For the risk assessment, iit is proposed to group the spring data into two distinct data sets 
and evaluate them separately: the southern on-facility springs (Springs A, B, C) and the 
off-facility springs (Spring 8 and Spring 10). In addition, the analytical data from the 
upgradient Beech Creek monitoring well 03C17 will serve as the background database for 
the springs. 

4.2.3.4 Groundwater 

As part of an RFI at NAVSURFWARCENDIV, a Phase III Groundwater Release 
Characterization Study (Phase Ill Report) has been conducted by the USACE (Murphy, 
1992a) to evaluate the hydrogeology and the degree and extent of chemical release to 
groundwater at ABG. The objectives of the Phase III Study were to characterrze geologic 
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conditions and groundwater flow and to identify the nature and distribution of potential 
contaminants. 

A total of 98 monitoring wells have been installed in the ABG study area since 1981. Of 
these, 71 wells have been1 sampled on a quarterly basis since September, 1987. Analytical 
parameters selected were referred to as RCRA Group 1 parameters, RCRA Group 2 
parameters, RCRA Group 3 parameters, explosives, organics, and PCBs. Table 4-5 lists 
these parameters. Appendix F of the Phase Ill Report provides a detailed compilation of 
which parameters were chosen for any given sampling event. 

Table 4-6 is a summary of the analytical data (parameters) available from the sampling 
program for the ABG monitoring wells, with respect to each aquifer of concern. The table 
indicates the date(s) of the data most recently available for each parameter group shown. 
In general, the available data includes inorganics, VOCs, PCBs, and explosives. With 
respect to risk assessment purposes, the inorganic data lacks cyanide and ten metals: 
aluminum, antimony, beryllium, cobalt, copper, nickel, thallium, tin, vanadium, and zinc. 
Only four SVOCs were included with the sampling events: acrylonitrile, di-n-butyl 
phthalate, phenol and bis(2-ethylhexyl)phthalate. In addition, only six pesticides and three 
explosives were monitored in the wells, as shown on Table 4-5. 

The Beech Creek limestone appears to be the most significantly impacted aquifer at ABG 
and is the most important hydrogeologic unit in terms of conducting groundwater off-site. 
Consistently detected contaminants on-site include TCE, the explosive RDX, and the metal 
barium. Significant levels of TCE have persisted in numerous Beech Creek wells at ABG, 
during the entire sampling period from September, 1987, through January, 1992. 

The analytical data from the Phase III Report is viewed as usable for risk assessment 
purposes. It therefore is plroposed for use as the primary database for groundwater quality 
at ABG. If there is a trend in the historical data (either up or down) in terms of contaminant 
levels, the most recent data from this study (data collected in April 1991, and/or through 
January 1992) are viewed1 as the most appropriate data for the assessment. However, if 
there is no obvious trend,, it is proposed that all of the data for a given well be averaged. 
For some parameters, such as inorganics, the most recent data available is from April or 
July, 1989 (Table 4-6). Thle use of these older analytical data is also viewed as appropriate 
for the risk assessment since the Phase III study has shown that some analyte levels have 
not changed significantly from a historical perspective. 

New water quality data from wells used for RCRA compliance monitoring purposes will be 
used to update the risk assessment database. For the risk assessment, the analytical data 
at ABG will be evaluated in terms of well groupings, as discussed below. 
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ABG ANALYTICAL PARAMETERS 
EXISTING DATABASE FOR GROUNDWATER AND SPRINGS 

(1987 - 1992) 

JWRA GROUP 1 PARAMETFRS 

Arsenic 
Barium 
Cadmium 
Chromium 
Fluoride 
Lead 
Mercury 
Nitrate-N 
Selenium 
Silver 

Ammonia-N 
Bicarbonate 
Calcium 
Chloride 
Iron 

Endrin 
Lindane 
Methoxychlor 
Toxaphene 
2,4-D 
2,4,5-TP 
Coliform 
Radium 
Gross alpha 
Gross beta 

RCRA GROUP 2 PARAMETFRS 

Potassium 
Magnesium 
Manganese 
Phenol 
Sodium 

RCRA GROUP 3 PARAMFTERS 

PH Total organic carbon 
Specific conductivity Total organic halogens 

ORGANICS 

Acetone 
Acrolein 
Acrylonitrile 
Benzene 
Bromomethane 
Bromodichloromethane 
Bromoform 
2-Butanone 
Carbon disulfide 
Carbon Tetrachloride 
Chlorobenzene 
Chloroethane 
Chloromethane 

4-Methyl-2-pentanone 
Methylene chloride 
Trans-1,2-Dichloropropene 
Trans-1,2-Dichloroethene 
1 ,l ,l-Trichloroethane 
Trichloroethene 
1,1,2-Trichloroethane 
Tetrachloroethene 
1,1,2,2-Tetrachloroethane 
Toluene 
Styrene 
Vinyl acetate 
Vinyl chloride 
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ABG ANALYTICAL PARAMETERS 
EXISTING DATABASE FOR GROUNDWATER AND SPRINGS 

(1987 - 1992) 

ORGANICS 

Chloroform 
2-Chloroethyl vinyl ether 
cis-1,3-Dichkropropene 
Dibromochloromethane 
1,l -Dichloroethane 
1,l -Dichloroethene 
1,2-Dichloroethane 
? ,ZDichloropropane 
Ethylbenzene 
2-Hexanone 

Xylene (total) 
Di-n-butyl phthalate 
Bis(2-ethylhexyl)phthalate 
PCB 

EXP\ .OSIVES 

TNT RDX HMX 
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The database for one of&SWMU well (03C17) should be supplemented with additional 
data, recommended for collection in 1995. Additional sampling is recommended to verify 
the existing database and to address data gaps for this well (as discussed further below). 

Groundwater monitoring wells at ABG will first be grouped according to aquifer and/or 
geologic formation. For the risk assessment, each aquifer will be evaluated individually. 
In some cases, wells will be further grouped within a given aquifer to account for variability 
in hydrogeologic conditions underlying the site (i.e., the direction of groundwater flow and 
the distribution of aquitards). For each aquifer group with a limited number of wells, such 
as the Beaver Bend and Golconda units, all on-SWMU analytical data will be combined 
and evaluated as a separate data set in order to select the chemicals of potential concern 
for the health risk assessment. For each aquifer group with a large number of wells, such 
as the Beech Creek, on-SWMU analytical data for each subgrouping (i.e., Beech Creek - - 
On-SWMU - - Western Third of ABG, see below) will be combined and evaluated as a 
separate data set in order to select the chemicals of potential concern for the health risk 
assessment. 

The five main aquifers and/or geologic units that have been identified at ABG include 
(Murphy, 1992a): 

l Beaver Bend limestone Table 4-7 
l Beech Creek limestone Table 4-8 
l Big Clifty sandstone Table 4-9 
l Golconda limestone Table 4-l 0 
l Alluvium Table 4-l 1 

The summary tables cited above have been prepared to list the monitoring wells installed 
within each aquifer group. 

Beaver Bend 

The Beaver Bend (Table 4-7) is the deepest aquifer monitored at ABG. All five of the 
existing wells which are screened in this unit are on-SWMU (see Figures 3-7 and 3-9). 
TCE has been detected in this aquifer on more than one occasion in most of these wells, 
at levels generally lower than those observed in the Beech Creek limestone, The greatest 
frequency of TCE detections (and the highest level) in the Beaver Bend aquifer occurred 
in well 03CO9 (seven detections in the range of 1 to 20 ug/l TCE for the period October, 
1987, through January, 1992; the most recent detection at 03CO9 was 3 ug/l TCE in July, 
1991). The explosive RDX was also detected in this well at 230 ug/l (singular detection 
only). RDX was detected in only one other Beaver Bend Well (03COl), at levels in the 
range of 20 to 30 ug/l. Well 03CO9 is located in the upgradient side of ABG with respect 
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ABG GROUNDWATER WELL GROUPING FOR 
BEAVER BEND AQUIFER A 

Onw - 

03co1t None 

03COZ! 

03co3 

03COElA 

03COEI 

NOTE: A All wells belong to well nests with adjacent wells screened in the Beech Creek and/or 
Golmnda formations. 
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ABG GROUNDWATER WELL GROUPINGS FOR 
BIG CLIFTY FORMATION 

On SWMU Off SWMU 

Western 
m 

03-38 

Eastern 
Two-Thirds 

03-31 A 

03-3ZA 

03-33 A 

03-34 A 

Southwest Narth 

03-09 03-30 

03-01 

03-26 

03-27 

03-29 

NOTES: A Wells located in zone of collapse of Big Clifty formation due to solution cavern 
passages within underlying Beech Creek formation. 

03-26, 03-27, 03-29: No analytical database available for these wells. 
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ABG GROUNDWATER WELL GROUPINGS FOR 
GOLCONDA AQUIFER 

NOTES: A 

Dn Sww.J 

03-28* 

03COl P3B 

03C08AP3B 

03C21 P3’ 

03C22 

03623 

03-02c 

off SWMU 

, . est Uoarm 

03C15P3B 

03C18 

Well screened in Golconda and Mansfield formations, 

B All P3 wells belong to well nest with adjacent wells screened in Beech Creek 
and/or Beaver Bend formations. P well(s) located at well base number 
shown on figures. 

C Actually, Mansfield formation well (included here with 03-28 since there are 
no other Mansfield wells at ABG, on-SWMUloff-SWMU). This well has not 
been sampled. 
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ABG GROUNDWATER WELL GROUPINGS FOR 
ALLUVIUM 

Off SWMU 

Jeep Trail 
$tttle Sulfur Creek 

03-07* 

Boundan/ Well$ 

03801 

03802 

03B03 

03804 

03B05 

03B06 

03B07 

03808 

03809 

NOTES: 93-07 Underlining indicates well is recommended for sampling. 

A 03-07: Screen 9.3 feet in length placed in valley alluvium within the projected 
elevation of the Beech Creek formation as observed in the adjacent valley wall 
(Murphy, 1992). 

B Wells screened in alluvium are located at the confluence of Johnson Hlollow drainage 
and Little Sulphur Creek, at the south NAVSURFWARCENDIV property boundary. 
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to potential flow in this aquifer. (The Phase Ill Report indicated that the Beaver Bend 
piezometric surface is fairly flat, 0.0012 ftIft, and flow is generally to the south.) 

Well 03C08A (Beaver Bend) monitors the clowngradient side of ABG. It is also located 
downgradient of well 03C20 in terms of flow within the overlying Beech Creek. The highest 
TCE levels on-site were detected in well 03C20 within the Beech Creek unit. Well 03C08A 
is characterized by five TCE detections for the period from November, 1987, through 
January, 1992 (range of 3 to 10 ug/l TCE; most recent detection was 3 ug/l in 
October, 1989). 

Three heavy metals have been detected in Beaver Bend wells: barium, cadmium, and 
mercury. The latter two metals have exceeded their MCLs but have been detected 
infrequently. Cadmium was detected once in well 03CO2 at 30 ug/l and twice in well 03CO3 
at levels of 30 and 90 ug/#. The MCL for cadmium is 5 ug/l. The MCL for mercury is 2 ug/l. 
Mercury was detected on one occasion in well 03CO2 at a level of 10 ug/l and on one 
occasion in well 03COQ at a level of 14 ug/l. Group 2 metals were not analyzed in Beaver 
Bend samples collected alter July 1989. Therefore, it is not possible to comment on these 
metals with more recent data. 

Organic compound detections, other than TCE, have also occurred in Beaver Bend wells. 
In most cases, these cornpounds have been reported as singular detections in three (or 
fewer) wells. These compounds are benzene, chloroform, 1, I-dichloroethene, 
1 ,I ,I -trichloroethane, bis(2-ethyl hexyl) phthalate, and di-n-butyl phthalate. Historically, 
benzene and bis(2-ethyl hexyl) phthalate have exceeded their MCLs. However, none of 
these compounds have been detected more recently than 1987 and/or 1989. 

TCE detections, mentioned previously, have also occurred less frequently in Beaver Bend 
wells since 1989. Overall, TCE levels may be decreasing in magnitude over time, as well. 
TCE detections have not exceeded the MCL of 5 ug/l since Janua,ry 1989, except on one 
occasion; a level of 7 ugl’l was reported in well 03COQ for April 199111 

Beech Creek 

The on-SWMU wells within this aquifer have been organized into three groups. Additional 
sampling is recommended for only the upgradient (off-SWMU) group (to confirm existing 
data and to address data deficiencies; Tables 4-8 and 4-12). 

The North-Northwest Corner group is upgradient (see Figures 3-7 and 3-Q). The Western 
Third group includes wells located in the area in which the overlying Indian Splrings Shale 
member of the Big Clifty Formation is present (potential aquitard to vertical flow to the 
Beech Creek). The Eastern Two-thirds group includes several wells along the valley axis 
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where the Indian Springs Shale is absent. The western half of this latter group also 
includes wells with the highest TCE levels detected on-site. 

Well 03COQP2 monitors the Beech Creek aquifer beneath the northwestern portion of ABG 
(also where the Indian Springs Shale aquitard is present). Well 03COQP2 is located on the 
upgrad’ient side to ABG. Historically, usually the highest TCE levels (for the north- 
northwest corner and the western one-third of the site) have been detected in this well. 
TCE has been detected consistently and at persistent levels in the range of 51 ,to 136 ug/l 
for the period from October, 1987 to January, 1992. In addition, the explosive RDX was 
detected on 13 occasions’ in the range of 20 to 70 ug/l. Well 03COQP2 is located with 
another well (03COQ screened in the Beaver Bend) as a well nest. 

Samples from wells 03ClO and 03Cl4 should be representative of groundwater quality 
beneath this portion of the site. TCE has been detected historically in these wells, possibly 
decreasing levels occurring at well 03Cl4. 

Well 03Cl5 is located in a downgradient area with respect to secondary groundwater flow 
from the western portion of ABG. TCE has been detected infrequently in this well (at levels 
in the range of 7 to 640 ug/l). TCE has not been detected in this well since July ,198Q. This 
well demonstrates low potential for off-SWMU TCE impacts (towards the southwest). 

Five wells located on-site are representative of current groundwater quality beneath the 
eastern two-thirds of ABG: 

l 03CO3P2 l 03Cll 
0 03C08AP2 . 03C20 

l 03co 2P2 

Three of these wells, 03CO3P2, 03Cl1, and 03CO2P2, are located within a vulnerable 
zone with respect to potential contaminant impacts in the Beech Creek aquifer. This 
vulnerable zone is characterized by the absence of the Indian Springs Shale aquitard along 
the valley bottom in the eastern two-thirds of ABG (as mentioned previously). 
Well 03CO3P2 has demonstrated persistent and elevated detections of TCE (usually above 
100 ug/l for the period frolm October, 1987, through January, 1992). Three explosives 
(HMX, TNT and RDX) have been detected in this well, including the highest RDX levels on- 
site (up to 709 ugll RDX on April, 1988; RDX levels above 100 ug/l on eleven occasions). 

Well 03Cll has consistently demonstrated the second highest TCE levels on-SWMU (after 
well 03C20, see below) with TCE levels possibly increasing since April, 1991 (since then, 
TCE has exceeded 1,200 ug/l on four occasions). 
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Well 03CO2P2 is located in the easternmost portion of ABG, south and southeast of 
well 03C12. Sampling at this well monitors an area characterized by both the absence of 
the Indian Springs Shale aquitard and the presence of solution cavern passages in the 
Beech Creek limestone which has caused the collapse of the overlying Big Clifty 
sandstone. This area is believed to be characterized by a high gradient, high flow velocity 
karst conduct system, a8 described in the Phase 111 Report (Murphy, 1992a). TCE and 
RDX have consistently been detected at 03CO2P2 at moderate to low levels. 

Well 03CO5 is located potentially downgradient of the eastern-most portion of ABG. 
Although TCE has been detected only infrequently in this well, TNT and RDX were recently 
detected (1992) at levels of 10 ug/l and 5Oug/l, respectively. 

Well 03C20 is located ahng the southern edge of ABG, west of the former ash pile. The 
highest TCE levels detected at ABG have occurred on a consistent basis at this well. TCE 
levels generally exceed 1,000 ugll (maximum of 17,849 ug/l in October, 1990). 

Well 03C08AP2 is located downgradient of well 03C20 and monitors potential 
downgradient impacts with respect to 03C20. TCE has been detected at 03CO8AP2 on 
17 occasions (of 18 sampling events from November, 1987 through January, 1992). TCE 
has been detected in the range of 8 to 52 ug/l and may possibly be increasing since 
October, 1991. This well is also characterized by the highest average barium level at ABG 
(131 ug/l, as presented in the Phase 111 Report (Murphy, 1992a). Well 03C08AP2 is 
located at a well nest (with well 03C08A screened in the Beaver Bend aquifer). 

Well 03C17 (off-SWMU) has been selected for re-sampling to verify current background 
water quality for this aquifer and the southern springs (Table 4-12). This well is located 
upgradient to ABG (2,000 feet north of ABG) and was used as the regional background 
weI in the Phase 111 Groundwater Release Characterization Report (Murphy, 1992a). 

Other than the upgradient (background) well 03Cl7, the Halliburton NUS Team is not 
recommending that any additional samples be collected from Beech Creek wells, except 
with respect to those in the Jeep Trail Area (discussed below). The highest grroundwater 
contaminant levels historically have been on-SWMU at ABG, and the risk assessment 
database will rely primarily on the on-SWMU water quality results. No plumes of chemical 
contamination have been detected to date emanating from ABG. The major exception is 
the Jeep Trail area along Little Sulphur Creek, which will be addressed separately at the 
end of this Section of the Work Plan. 
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A limited number of Big Clifty (sandstone) wells are present on-SWMU at ABG (see 
Table 4-9 and Figures 3-7 and 3-9). For some of these wells, the screened interval 
apparently includes the contact zone with the undlerlying Beech Creek limestone (03-01, 
03-31, 03-32, 03-33, 03-34, 03-38 (Hunt, 1988)). The Phase 111 Report considered the 
Beech Creek and Big Clifty to be one aquifer (middle aquifer zone). For the risk 
assessment, an attempt .will be made to distinguish Big Clifty sandstone wells, where 
possible. As part of the preparation for the risk assessment, the boring logs for the Big 
Clifty wel’ls will be reviewed to confirm the screened intervals listed in ‘the Phase Ill Report. 
Data obtained from wells screened in the Big Clifty will be grouped and evaluated 
separately from the data obtained from Beech Creek wells. 

TCE has been consistently detected in several Big Clifty wells, including 03-38, located in 
a potentially upgradient portion of the SWMU characterized by the presence of the lndian 
Springs Shale. RDX has also been detected on eight occasions at well 03-38. 

Four wells (03-34, 03-3:2, 03-33, and 03-31) are located in an area characterized by 
collapse of the Big Cl@ formation due to solution cavern passages within the underlying 
Beech Creek (Murphy, 1992a). The stratiIgraphic location of the well screens in these wells 
apparently spans the contact between the Big Clifty sandstone and the underlying Beech 
Creek limestone (zone of solution cavern coll’apse). Past detections at these wells include 
TCE, TNT, RDX, lead, bis(2-ethylhexyl)phthalate and barium. 

The analytical data in the existing database is adequate for use in the risk a,ssessment. 
No supplemental data is recommended for Big Clifty sandstone wells since the most 
significant contamination in groundwater at ABG has been documented to occur in the 
Beech Creek limestone (which directly underlies and communicates with the Big Clifty 
sandstone). The exkting Big Clifty wells which have been sampled are llocated in the 
general proximity of Beech Creek wells which usually have demonstrated comparable (or 
greater) detections of contaminants such as TCE and RDX. 

The existing database for Big Clifty wells includes analytical results for three off-SWMU Big 
ClitIy wells: 03-01, 03-09 and 03-30. No additional data collection (water quality sampling) 
is recommended for the off-SWMU wells. 

The Golconda limestone occurs near the northern, southern, and western edges of ABG, 
west and north of the SWMU, and south along a topographic high zone located between 
Johnson Hollow and Little Sulphur Creek. This unit has been removed by erosional 
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processes (and is therefore absent) in the central portions of the SWMU and in the valleys 
of Little Sulphur Creek and Johnson Hollow. “Groundwater flow in the monitared portion 
of the GolcondalHaney at the ABG is toward the east and north from the west and south, 
where the formatIion drains into the valley. Contamination in the Golconda/Haney, which 
has been shown to be primarily TCE, is probably limited to the southwest quadrant of the 
ABG with ultimate migration into the lower Big Clifty/Beech Creek aquifer in the central and 
east portions of the ABG’” (Murphy, 1992a). 

Analytical data exist for all the Golconda wells on-SWMU at ABG and for thle three off- 
SWMU wells (see Table 4-10 and Figures 3-7 and 3-9). TCE has been detected on at 
least three occasionas (on five occasions at well 03C22). Well 03C22 monitors the 
southwestern portion of the SWM’U. The maximum TCE level (300 ug/l) for all of the 
Golconda wells occurred at this well. Well 03CO8AP3 is located south of the former ash 
pile near the southern edge of ABG. The maximum barium level was detected1 a,t this well 
(140 ug/l). The explosive RDX was detected in only one Golcon’de well (03C08AP3: 
detected on three occasions, at a maximum level of 30 ug/l). 

The existing analytical database is adequate and useable for the risk assesslment. 

Well 03-28 is located near 03CO8AP3 and the Phase 111 Report indicates this well has also 
been sampled since September, 1987; however, the analytical data for this well were not 
included in the Phase 111 Report. It should be obtained and reviewed as part of the risk 
assessment. 

Alluvial Wells 

The majority of these wells are located south of ABG and the Jeep Trail area, at the 
confluence of Little Sulphur Creek with Johnson Hollow (“B” well series, Table 4-11). 
These alluvial wells are shiown on Figure 3-7. As previously noted, groundwater from ABG 
(within the Beech Creek) discharges to springs and to Little Sulphur Creek (alluvium); 
therefore, the “B” wells are used to monitor impacts (from upgradient and upstream 
contaminant sources) to surficial (alluvial) groundwater at the facility boundary. 

The existing analytical database for these wells will be summarized for the risk assessment 
and will be used qualitatively to address potential contaminant migration. Data such as 
that representing the “B” wells is recommended for use to assess the potential extent of 
any contaminants that may have migrated off-facility and downgradient. In addition, two 
of the “8” wells (03B02 in alluvium and 03BlO in the Beech Creek) will be used 
quantitatively to calculate exposure to off-facility residents (see Section 4.2.4). 
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Well 03-07 (alluvial well) isI located in the Jeep Trail area and will be discussed separately 
(below). 

Jew Irail Am 

The Jeep Trail area is located south of ABG, along Little Sulphur Creek (see Figure 3-8). 
It is recommended that this area of past activities be evaluated separately in the risk 
assessment. 

Seventeen monitoring wells have been installed in the Jeep Trail area (Dunbar, 1984a; 
Murphy, 1992a) (Tables 4-8 and 4-l 1). According to the Phase Ill Report, the majority of 
these wells were screened in the Beech Creek aquifer. Well 03-07 was installed in the 
valley alluvium within the projected elevation of the Beech Creek formation as observed 
in the adjacent valley wall (Murphy, 1992a). Well 03-07 is the only well that was sampled 
in conjunction with ABG wells during the period from September, 1987, through 
January, 1987. The analytical data for this well were not included in the Phase 111 Report 
but were summarized in t:he text. TCE reportedly was detected in all eleven sampling 
events with an average level of 1,304 ug/l TCE (maximum TCE detected was 7,102 ug/l 
in October, 1991). The database for this well is incomplete (analyses did not include 
metals, and only four organic compounds were monitored). It is recommended that this 
well be sampled for the parameters identified in Table 4-l 3. 

A limited and incomplete database exists for groundwater samples collected prior to 1987 
for the majority of Jeep Trail wells. It is recommended that existing Jeep Trail wells be 
tested for integrity before committing them to a sampling program. Integrity testing would 
consist of bailing the wells and allowing them to recover to ensure that the wells are still 
operative. Subsequently, al1 wells with established integrity in the Jeep Trail Area should 
be sampled in 1995 to provide a current and complete database for the risk assessment. 
The analytical data for all of the newly sampled wells will be combined and evaluated as 
a single data set in order to select the chemicals of potential concern for the risk 
assessment for the Jeep Trail area. 

Based on the analytical data collected prior to 1987, TCE was detected in seweral wells. 
The highest TCE levels were observed in the following six wells: 

l 03-12 . 03-23 
. 03-15 . 03-24 
l 03-20 l 03-25 

The maximum TCE level (except for that occurring at well 03-07) was measured at well 03- 
12 (386 ug/l). 1 ,I, I-Trichloroethane was also detected in several wells (maximum of 
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40 ug/l at well 03-25). Other VOCs detected (prior to 1987) at the Jeep Trail area include 
chloroform, methylene chloride, tetrachloroethylene, trichlorofluoromethane, and trans-1,2- 
dichloroethylene. The highest priority wells recommended for sampling are wells 03-12, 
03-15, and 03-24 (deepest well at Jeep Trail). These wells should be sampled for all 
analytes, in addition to well 03-07 (wh’ich was recommended previously). These wells are 
listed on Table 4-13. It is also recommended that all other Jeep Trail wells with established 
integrity be sampled (well integrity testiing may also necessitate that other Jeep Trail wells 
be substituted for the highest priority wells listed on Table 4-l 3 in the event that these wells 
are no longer in usab’le condition). As part of the preparation for the risk assessment, 
addition’al information should be obtained to confirm exact well locations, elevations, and 
screened intervals (formations) for these Jeep Trail wells. 

ed New Wells 

No new wells have been proposed at ABG or off-SWMU (including the Jeep Trail area). 
Although no wells have been installed in the Beaver Bend aquifer off-SWMU, this aquifer 
has been sufficiently characterized on-SWMU at ABG. This aquifer has not been impacted 
to the same degree as the Beech Creek aquifer. TCE detections have occurred less 
frequently and at lower levels in the Beaver Bend when compared to the Beech Creek. In 
addition, only one TCE detection in the Beaver Bend (since January 1989) has exceeded 
the MCL for TCE (as discussed previously). The Elwren Shale has been interpreted to be 
an effective hydraulic barrier to groundwater moving through the Beech Creek aquifer, 
limiting the potential for contaminants to migrate into the Beaver Bend aquifer. For these 
reasons, it is unlikely that the Beaver Bend has been impacted off-SWMU by contaminants 
originating from past activities at ABG and at the Jeep Trail area. 

4.2.3.5 Air 

At the time of the writing of this risk assessment work plan no ambient air data have been 
collected at ABG. Two separate CTOs have been issued by the Navy to address chemical 
emissions and air dispersion modeling, respectively, at these three SWMUs. Below is a 
discussion of how the outputs from these CTOs will be incorporated into this baseline risk 
assessment. 

Air dispersion modeling of volatile and particulate emissions associated with the operation 
of the ABG, ORR, and DR has been conducted for the purpose of obtaining maximal 
ambient air concentrations of the various constituents in the emissions database 
(Halliburton NUS). Chemical emissions will be calculated for each of the thermal treatment 
processes (ENSR), taking into consideration the waste-specific quantities involved and the 
frequency of use of each activity. An appropriate computer model will be utilized to 
calculate emission rates when they cannot be ascertained empirically. Chemical emission 
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rates will then be incorporated as inputs to an approved air dispersion model for each 
SWMU. Meteorological data from the National Weather Service in Evansville, Indiana, 
covering a five-year period, is also suggested as input into the air diiepersion models. 

The output of the air dispersion modeling analysis will be a SWMU-specific topographic 
map overlaid with a combined (all activities) air dispersion isopleth map. An isopleth as 
used here is a line linking points/locations having identical predicted ambient air 
concentrations for an analyte. The combined data will identify the maximum on-facility and 
off-facility ambient air concentrations of contaminants resulting from the thermlal treatment 
processes from all three SWMUs, as well as the ambient air concentrations of the various 
chemicals of potential concern at the various exposure point locations of, the risk 
assessment receptor populations. These air concentrations will be used to assess the risk 
to on- and off-facility receptors from inhalation of contaminated air associated with the 
operation of each SWMU. 

Additionally, the deposition rates of the chemicals of potential concern in ambient air will 
be used to calculate future chemical accumulation in all off-facility environmental media 
that will be addressed and on-facility in the area of Lake Greenwood, e.g. soil and surface 
water. The contribution of continued air emissions to the concentration of ch!emicals in 
these environmental media will be necessary for the calculation of exposure doses of those 
receptors modeled in Scenario A. 

The air emissions associated with the detonation of white phosphorus munitions at the 
Demolition Range (DR) have already been modeled by Halliburton NUS (1992a). It was 
determined through a review of experimental data that the only potenti’ally toxic by-product 
of this process was phosphorus pentoxide (P,O,). A model developed by Sheih (1978) 
was used to evaluate the air dispersion of the cloud of combustion products associated 
with this detonation process. 

Three detonation configurations were modeled: 20, 30, and 40 shells with each shell 
containing 15.6 pounds of phosphorus. The output of the modelinlg was the maximum 
impact distance (the maximum downwind distance at which the air concentration exceeds 
the threshold value) for a number of stability/windspeed classes for each configuration. 
The 1 [j-minute average concentration for phosphoric acid mist of 3 mg/M3 (ACGIH, 1990) 
was selected as the threshold value. The deposition velocity of phosphoric acid was 
determined to be 0.001 m/s from the scientific literature. Halliburton NUS will provide the 
isopleth maps showing the maximum on- and off-facility ambient air concentrations of P,O, 
for use in the risk assessment. 
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4.2.4 

The currently existing groundwater contamination database at ABG shows: a) that some 
site contaminants have varied little in concentration over the past several years, and b) that 
no identifiable plumes of contamination are emanating from ABG. These findings suggest 
that the groundwater contamination, as presently measured at: ABG, may be in a steady- 
state conditilon. Thus, for the risk assessment, no groundwater transport modeling of 
contaminants from ABG is proposed. Rather, the database as it exists will be used for 
estimating risk to on-facility receptors, and data from two wells placed at the furthest 
location downgradient, but on NAVSURFWARCENDIV property, will be used to repres’ent 
exposure to off-facility residents. These latter two wells are the existing Beech Creek 
well 03BlO and the existing Alluvium well 03802, located near the confluence of Johnson 
Hollow and Little Sulphur Creek (Tables 4-8 and 4-l 1). 

The current chemical levels in surface soil, surface water, and sedim’ent will be used as 
exposure assessment input to all three of the exposure scenarios for on-SWMU receptors. 
The assumptions being made in this approach are that: a) the present loading and 
cleanup activities at this SWMU are unlikely to further degrade these media due to the 
recent facility upgrades at this SWMU, and b) that the air emissions in the future, because 
they will be essentially identical to those in the past, also will not lead to further degradation 
of these on-SWMU media, i.e. steady-state conditions with respect to this source of 
contamination are assumed to exist. 

For off-facility receptors in Scenario A, the air emissions data will be used to estimate 
concentrations of hazardous coInstituents in off-facility environmental media (soil, plants) 
for the purpose of estimating exposure to nearby residents if bioaccumulative and/or 
particulate-bound chemicals are present in air. Air emissions data of bioaccumulative/ 
particulate-bound chemicals will also be used to estimate contaminant concentrations in 
the vicinity of Lake Greenwood water and nearby soil to assess exposure to base 
personnel/famikes. 

4.3 ORR CONCEPTUAL MODEL 

. 
4.3.1 General Ovcwvre~ 

Based on the descriptions of the past and present open burning activities at ORR 
(Section 3.4.3), two observations pertinent to the risk assessrnent are noted. First, it is 
likely that hazardous constituent contamination due to past activities has occurred in 
SWMU soil, surface water, sediments, and groundwater. Secondly, this SWMU is 
comprised of two separate activities - - the flash pit area and an area to the south that is 
used for target practice. Thus, each of these ‘subsites’ should be considered a potential 
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source of chemical contamination in the risk assessment. Current activities also lend to 
contaminants being emitted into the ambient air from both of these activity areas. 

4.3.2 

Scenario A (Figure 4-l A-D) is the scenario wherein the current activities at ORR are 
assumed to continue indefinitely. Under this scenario, base personnel and their families 
would be assumed to be exposed to SWMU-impacted media near Lake Greenwood, 
including contaminants in ambient air as a result of the open burning activities. Likewise, 
the off-facility residents would be expected to be exposed to airborne emissions from 
exposure from these open burning activities. If toxic, bioaccumulative metals and/or 
environmentally persistent organic chemicals are found to be emitted into the ambient air 
from ORR, there is the potential for contamination of secondary and tertiary media, e.g. 
soil, plants, in the vicinity of these off-facility receptors. Lastly, because this open burning 
activity is assumed to continue at ORR indefinitely, exposure of SWMU workers to site 
contamination is expected to occur. SWMU workers would be expected to be exposed to 
contaminated air and surface soil. 

In Scenario B (Figure 4-2) ORR activities are assumed to stop at some time in the future 
(e.g. 100 years). This area would then be converted into a public park/natural area. 
Visitors to and employees of this park/natural area would thus be expected to come into 
contact with contaminated surface soil, surface water, sIediment, an’d giroundwater at this 
site. With respect to groundwater contamination at ORR, a drinking water well would be 
assumed to be placed in any aquiifer below this area and at any location withiln this site. 
Thus, exposure to groundwater will be based on monitoring well data aggregated 
separately for each aquifer at ORR, and these data will be averaged for those monitoring 
wells located within a reasonable, theoretical capture zone for a hypothetical future water 
supply well. 

In Scenario C (Figure 4-3) ORR activities are also assumed to stop at some time in the 
future (e.g. 100 years), but the base is assumed to be converted into a rural residential 
area. Residents living on the former SWMU would be expected to come into contact with 
contaminated surface soil, surface water, sediment and groundwater. As in Scenario B, 
exposure to groundwater will be based on monitoring well data aggregated separately for 
each aquifer at ORR, and these data will be averaged for those monitoring wells located 
within a reasonable, theoretical capture zone for a hypothetical future water supply well. 
Future residents would also be expected to consume vegetables grown in contaminated 
soil in home gardens, and consume contaminated beef and milk from cattle raised for their 
own consumption. Finally, future residents would be expected to consume local deer and 
turkeys that they hunt. 
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4.3.3 

4.3.3.1 Soil 

The ORR is one of NAVSURFWARCENDIV’s open burning areas. Flashing, a thermal 
treatment process for explosive wastes, was and is carried out at: this site in flash pits. The 
USACE (USACE, 1991) conducted a RFI Phase II soil investigation at the ORR to: 1) 
describe soil conditions around the site, 2) identify and characterize the flashing operation 
residuals, and 3) determine if operation residues have spread away from the flash pits. 

Thirteen test borings were advanced at the ORR to collect soil samples for physical 
characterization and chemical pollutant identification (Figure 3-16). The samples were 
grouped for the purpose of analyses into “control or background”’ borings, located several 
hundred feet to the southwest of the flash pits and up-slope from those waste disposal 
facilities; “inside the flash pits”, ” west of the flash pits”, and “east of the flash pits.” Soil 
samples were taken from specific layers within the sample borings; the depth from which 
each soil sample was taken is shown in Figure 4-5. 

Flash pit soils contained residues of magnesium, copper, lead, tin, and sodium. Total 
phosphorus was not evident as a waste activity residue within the flash pits but was 
observed in greater concentrations in soil near the flash pits. 

Several soil samples collected outside of the flash pits, including control samples, had 
distinct concentration peaks of a number of different metals which were not observed in 
the flash pit soils. These concentration peaks were thought to be either the result of 
natural variability in the chemical characteristics of these soils or some anthropogenic 
effect unrelated to the flashing activity (U.S. Army, 1991). 

Some explosive compounds were detected in soil within the flash pits and in nearby 
surface soil. ORR soil also contained low concentrations of several VOCs. Soil samples 
within the flash pits contained PAHs and a phenol at low concentrations. However, there 
was no clear pattern of contamination of ORR soils with SVOCs which could be attributed 
to waste disposal activities at the flash pits. 

The Phase II soil samples collected in the vicinity of the flash pits are viewed as being 
adequate for characterizing soil contamination in the flash pit area at the ORR. 

An area of the ORR not addressed by the Phase II soils repolrt, however, is the target 
practice area. Lead, in particular, is expected to be a chemical of potential concern in this 
location. Therefore, it is recommended that three surface soil samples (O-6” grid 
composites) be collected from the target area. Chemical concentrations in these samples 
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will be averaged with those selected for inclusion from the ORR for comparison with 
background samples. 

Background samples collected in the Phase II soils report for the ORR contained the 
highest levels of some metals of all samples collected on site. For this reason, there is 
some question as to whether or not these are truly representative of background levels of 
analytes at ORR. Therefore, three new background samples will be collected for ORR 
(Table 4-2). See Table 4-l for recommended additional surface soil sampling at ABG, 
ORR, and DR. Proposed background surface soil sampling locations are shown on 
Figure 3-16. These locations are located to the north (upgradient) of the ORR within the 
same soil type (Wellston Silt Loam) as mapped by the SCS (McElrath, 1988). 

4.3.3.2 Surface WaterlSediment 

To date there have been no surface water nor sediment investigations at the ORR or at the 
DR. Therefore, a sampling plan has been designed in this Work Plan to characterize 
potential contamination of surface water and sediments which may have occurred as a 
result of waste disposal activities at these two SWMUs. The analytical parameters 
selected (VOCs, SVOCs, inorganics, explosives, and water quality parameters) are 
discussed with the proposed sampling plan (Section 9). The analytical results provided 
through this sampling plan will be screened as described in Section 4.5 to determine the 
chemicals of potential concern in surface water and sediment for the risk assessment. 

Table 4-14 lists the surface water and sediment sampling locations proposed for ORR and 
DR. This table also summarizes the rationale for sample selection. The locations are 
shown on Figure 3-13. Single one-time surface water and sediment samples should be 
collected from Turkey Creek and Boggs Creek, as described in Table 4-14. The creek 
sampling locations include an upstream (background) sample site for both Turkey Creek 
and Boggs Creek. USEPA has recommended that sampling of surface water and 
sediment in the four man-made ponds used to control surface erosion and run-off from 
both ORR and DR: Pond #OOl , Pond #002, Pond #003, and Pond #004 not be conducted. 
These ponds are cleaned out every two to six years and are already regulated through the 
NPDES program. These ponds, therefore, will not be evaluated in the risk assessment. 

For the risk assessment, creek surface water and sediment analytical results will be 
evaluated separately (evaluated per medium). Within each medium, analytical data will be 
grouped (where possible) according to sample location and evaluated independently. For 
example, surface water data collected from the upstream sampling location (SVVMU 
background) for Turkey Creek (T-l) will be combined with the data from the upstream 
location (SWMU background) for Boggs Creek (B-l), as long as analytical results are 
qualitatively similar (uniform). Finally, analytical data for downstream sample locations in 
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Boggs Creek will be grouped and evaluated separately from downstream Turkey Creek 
data. 

4.3.3.3 Groundwater 

As part of a RFI at NAVSURFWARCENDIV, hydrogeologic investigations have been 
conducted by the USACE to evaluate subsurface conditions and the degree and extent of 
potential chemical release to groundwater at ORR. Well logs, well construction diagrams, 
groundwater contour maps, and groundwater quality data were prepared and presented 
in three previous reports (which were reviewed in preparation of this work plan): 

. Draft RFI Phase III Release Characterization Report SWMU 07/09 ORR 
(Murphy and Wade, 1994b). 

. Hydrogeologic Investigations of Waste Disposal Siites at the Naval Weapons 
Support Center, Crane, Indiana (Dunbar, 1982). 

. Hydrogeologic Site Characterization of Old Rifle Range for Hazardous Waste 
Disposal Facility, Naval Weapons Support Center, Crane, Indiana (Dunbar, 
198413). 

Eleven monitoring wells were installed in 1982 and 1984 at ORR, to characterize the 
surficial hydrogeology. An additional 19 monitoring wells were then installed at ORR in 
1990 by USACE (“06C” wells) in order to further characterize both surficial aquifers and 
to evaluate the Beech Creek limestone aquifer which represents the deepest unit currently 
monitored at ORR (see Figures 3-13 and 3-16). In preparation of this work plan, all well 
logs and well construction diagrams for these wells were revilewed in detail (Hunt, 1990). 
In addition, groundwater contour maps for the Beech Creek aquifer and for the Golconda 
aquifer (May/June and November, 1991) were reviewed for this work plan (Murphy, 1993). 
Groundwater contour maps for the surficial aquifer zone (May/June and November 1991) 
were also reviewed to confirm flow directions. 

Twenty-eight monitoring wells were sampled for four consecutive quarterly sampling events 
ending in April 1992. The analytical parameter list (Table 4-15) is generally complete for 
the risk assessment, with respect to inorganics, VOCs, SVOCs, pesticides/PCBs, and 
explosives. Table 4-16 is a summary of the analytical data parameters available from the 
sampling program for the ORR monitoring wells, organized in terms of each water-bearing 
zone that was monitored. These existing analytical data will be used as the primary 
database for groundwater for the risk assessment. 
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TABLE 4-l 5 

ORR/DR ANALYTICAL PARAMETERS 
EXISTING DATABASE FOR GROUNDWATER 

(1990 - 1991) 

INORGANICS 

Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Chromium 
Cobalt 
Copper 
Cyanide 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Sulfide 
Thallium 
Tin 
Vanadium 
Zinc 

VOLATILE ORGANICS 

Acetone 
Benzene 
Bromodichloromethane 
Bromoform 
Bromomethane 
Carbon Tetrachloride 
Carbon Disulfide 
Chlorobenzene 
Chloroethane 
Chloroform 
Chloromethane 
cis-1 ,2-Dichloroethene 
cis-1 ,3-Dichloropropene 
Dibromochloromethane 
Ethylbenzene 
Methylene Chloride 
Styrene 
Tetrachloroethene 
Toluene 
Trans-1,2-Dichloroethene 
Trawl ,3-Dichloropropene 
Trichloroethene 
T-Xylene 
Vinyl Acetate 
Vinyl Chloride 
I, 1-Dichloroethane 
I ,l-Dichloroethene 
III, 1 -Trichloroethane 
I ,1,2-Trichloroethane 
1 ,1,2,2-Tetrachloroethane 
1,2-Dichloroethane 
1 ,2-Dichloropropane 
P-Butanone 
2-Hexanone 
4-Methyll-2-Pentanone 

SEMI-VOLATILE ORGANICS 

Acenaphthene 
Acenaphthylene 
Aniline 
Anthracene 
Benridine 
Benzoic Acid 
Benro(a)anthracene 
Benro(a)pyrene 
Benro(b)fluoranthene 
Benzo(g,h,i)perylene 
Benro(k)fluoranthene 
Benzyl alcohol 
Bis(2-chloroethoxy)methane 
Bis(2-chloroethyi)ether 
Bis(2-chloroisopropyl)ether 
Bis(2-ethyihexyi)phthalate 
Butylbenzylphthaiate 
Chrysene 
Dibenzofuran 
Dibenzo(a,h)anthracene 
Dibutylphthalate 
Diithyi phthalate 
Dimethyl phthalate 
Di-n-octyiphthalate 
Fluoranthene 
Fluorene 
Hexachlorobenzene 
Hexachlorobutadiene 
Hexachlorocyclopentadiene 
Hexachloroethane 
Indeno(l,2,bc,d)pyrene 
isophorone 
Naphthalene 
Nitrobenzene 
N-Nitrosodimethylamine 

N-Nitroso-di-n-propylamine 
N-Nitrosodiphenyi amine 
Pentachlorophenol 
Phenanthrene 
Phenol 
Pyrene 
1,2-Dichlorobenzene 
1,2-Diphenyihydrarine 
1,2,4-Trichlorobenzene 
1,3-Dichlorobenzene 
1 ,CDichloroknzene 
2Chloronaphthalene 
2-Chlorophenol 
2-Methyi-4,6-dinitrophenol 
2-Methyinaphthaiene 
P-Methylphenol 
2-Nttroaniline 
P-Nttrophenol 
2.4-Dichlorophenol 
2,4-Dimethylphenol 
2,4-Dinitrophenol 
Z,4-Din~itrotoiuene 
2,4,5-Trichlorophenol 
2,4,6-Trichiorophenol 
2,6-Dinitrotoiuene 
3-Nitmaniiine 
3,3’Dichiorobenzidine 
4-Bromophenyl ether 
4-Chioro-3-methylphenol 
4-Chioroaniline 
cl-Chiorophenyl phenyl ether 
4-Methylphenol 
cl-Nitroanlline 
4-Nttrophenol 
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TABLE 4-M (Continued) 

ORR/DR ANALYTICAL PARAMETERS 
EXISTING DATABASE FOR GROUNDWATER 

(1990 - 1991) 

PESTlClDESlPCBs 

A-BHC 
a-Chlordane 
A-Endosulfan 
Aldrin 
B-BHC 
BEndosulfan 
DBHC 
Dieldrin 
Disulfoton 
Endosulfan sulfate 
Endrin 
Endrin aldehyde 
Ethyl parathion 
Famphur 
G-BHC 
g-Chlordane 
Heptachlor 
Heptachlor epoxide 
Kepone 
Methoxychlor 
Methyl parathion 
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PCS-1016 
PCB-1221 
PCB-1232 
PCB-1242 
PCB-1246 
PCB-1264 
PCB-1260 
Phorate 
PPDDD 
PPDDE 
PPDDT 
Toxaphene 

2,4-D 
2,4,6-T 
2.45TP 
Dinoseb 

EXPLOSIVES 

DNB 
HMX 
RDX 
TETRY L 
TNB 
TNT 
2,4-DNT 
2,6-DNT 
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ORR GROUNDWATER SUMMARY OF ANALYTICAL PARAMETERS 
FOR EXI’STING DATABASE (1990 - 1992) 

Parameter Group 

lnorganics 

HYDROGEOLOGIC UNIT * 

Beech Creel( Surficial Aculbifars 

11/91-4/92 6/Q l-4192 

Volatile Organic Chemicals 1 l/91 6191-l l/91 

Semi-volatile Organic Chemicals 1 l/91 6191-l l/91 

PesticideslPCBs 1 l/91 6191-I l/91 

Explosives: 

Nitrate 

HMX 
RDX 
TNT 
DNB 
TETRY L 
TNB 
2,4-DNT 
2,6-DNT 

1 l/91-4/92 
1 l/91-4/92 
1 l/91-4/92 
1 l/91-4/92 
1 l/91-4/92 
1 l/91-4/92 
1 l/91-4/92 
1 l/91-4/92 

4192 

6/91-4/92 
6/91-4/92 
6/91-4/92 
6/Q I-4192 
6/Q l-4192 
6/Q l-4192 
6/91-4/92 
6/Q l-4192 

4192 

NOTES: *: Table lists the dates (i.e., “ll/Ql”) for the most recent sampling events that include the 
designated parameters. In some cases a range in dates is shown because not all of the 
monitoring points within a given group were sampled for the entire analyte list on the most 
recent sampling date. 
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The existing analytical data will be evaluated according to well groupings (discussed 
below). In addition, this database will be supplemented with new data, recommended for 
collection in 1995. Additional sampling at selected wells will be conducted to provide 
confirmation of the existing database and to establish that potential contaminant levels 
have not changed significantly since April 1992. 

In general, contaminants detected in groundwater at ORR include metals (in both the 
surficial aquifer and in the Beech Creek limestone), explosives and nitrate. A few metals 
have been reported at levels exceeding primary or secondary MCLs such as antimony, 
iron, and manganese. Antimony has been consistently detected above the MCL of 6 mg/l 
(at levels 2 to 3 times the MCL) in several wells. Other metals detected include aluminum, 
copper, lead, nickel, and zinc. Metals present in Beech Creek wells at statistically elevated 
levels above background (Well 06CO7) were manganese and arsenic (arsenic had 
“borderline” significance only, according to Murphy and Wade, 1994b). Metals detected 
in the surficial zone wells at statistically elevated levels above background (Well OSCO7) 
were arsenic, manganese and nickel (Murphy and Wade, 1994b). 

Explosives (TNT, RDX, HMX, and 2,6-dinitrotoluene) have been detected in a few wells, 
at low to moderate levels (up to 148 ug/l). Explosives were detected only at ORR. The 
explosives HMX, RDX, and TNT were detected in only five wells, and these wells are 
located in the northern portion of ORR (Murphy and Wade, 1994b). These five wells 
include both the Beech Creek aquifer and the surficial zone, although detections were 
usually more frequent and at higher levels in the surficial wells. Four of these wells were 
also associated with the highest detected concentrations of nitrate (~3 mg/L) when 
compared to all other wells at ORR and DR (Murphy and Wade, 1994b). 

In addition, a few organic chemicals and pesticides, frequently detected in blank samples, 
were reported for various wells. PCBs have also been detected at low levels (less than 
1 .o ug/l). 

Groundwater monitoring wells at ORR were grouped according to aquifer and/or 
hydrogeologic position (i.e., surfrcial wells). For the risk assessment, each aquifer zone 
will be evaluated individually. In some cases, wells were further grouped within a given 
aquifer to reflect well locations with respect to estimated groundwater flow directions and 
proximity to surface water bodies (such as Turkey Creek). Summary tables have been 
prepared which list the monitoring wells installed within each aquifer zone: Beech Creek 
limestone, surficial aquifers zone (Big Clifty sandstone and/or clay), and Golconda 
limestone (Tables 4-17, 4-18, and 4-19, respectively). Wells recommended for additional 
(confirmational) sampling were selected from several of the groupings shown in these 
tables. The six wells to be sampled have been designated (“underlined”) on each of these 
tables. The rationale for sampling is summarized in Table 4-20. 
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North 

06C16 

06C15 

06CO9 

06C17 

South6 

06ClO 

96C12 

._ 

Perimeter 
:Turkev Creek c 

06624 

06C13 

96CV2 
06Cll 

NOTES: 

ofic1G: Underlining indicates well recommended for sampling. 

A 06Cl6 located in an upgradient/side-gradient position with respect to local Beech Creek flow 
(groundwater contour maps for 5191 and 1 l/91, provided by Murphy, 1993). 

These wells are located in an upgradienffsidegradient position with respect to local Beech 
Creek flow (groundwater contour maps for 5191 and 1 l/92, provided by Murphy, 1993). 

C This well grouping generally in a downgradient position with respect to local Beech Creek 
flow (groundwater contour maps for 5191 and 1 l/91, provided by Murphy, 1993). 
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ORR GROUNDWATER WELL GROUPINGS FOR SURFICIAL AQUIFERS *vB 

g6C16P2@Qc 

06C15P2 (BC) 

06-15 (BC) 

06-17 fRCl 

06-16 (BC) 

06-18 (BC) 

06-20 (BC) 

Q6-22 

06-23 (BC) 

06-19 (CL) 

06-14A (CL) 

06C12P2 (BC) 

06ClOP2 (BC) 

Perimeter 
;rurkev Creek 

06Cl4P2 (BC) 

06C13P2 (CL/SC) 

Q@Cl8P2 (CSlBC) 

06Cl lP2 (CUBC) 

NOTES: 

96-09: Underlining indicates well recommended for sampling. 

A Water table zone wells (though well screens for some wells may be deeper than actual static 
water level); generally excluding potential perched water zones in surficial overburden; 
excluding Golconda Wells; formations screened indicated by the following abbreviations: 

CL: 
cs: 
BC: 

Clay 
Clayey sand 
Big Clifty sandstone and weathered sandstone 

B P indicates nested well(s) located at well base number shown on figures. 

C 06Cl6P2: this well screened below 06Cl6P3 (nest); 06Cl6P3 is screened in Golconda 
limestone which may actually represent the water table or a perched water zone above the 
Big Clifty sandstone, in this location. 
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TABLE 4-19 

ORR GROUNDWATER WELL GROUPINGS FOR GOLmCONDA AQUIFER* 

06-21 B 

06C16P3 

NOTES: A P indicates nested well(s) located at well base number shown on figures. 

B 06-21 originally logged as Mansfield (siltstone) and Glen Dean Limestone (Dunbar, 
1964); based on area “c” well (deep) borings and logs, 06-21 probably screened in 
Hardinsburg/Golconda (logs prepared by Hunt, 1990). 06-21 is upgradient of ORR 
with respect to local water table. 

D:\CT07601 \WI \TAB4-19 





CLEAN CT0 #0076 
FINAL 

EPA ID No. IN5 170 023 498 
NAVSURFWARCENDIV RA WP 
July 1995 

New water quality data from wells used for RCRA compliance monitoring purposes will also 
be used to update the risk assessment database. 

Analytical data will be grouped and evaluated according to aquifer, and within each aquifer 
zone, according to on-M/MU wells versus perimeter wells. Within the surficial aquifer 
group, the northern wells will be evaluated separately from the southern wells (as listed on 
Table 4-l 8). 

The zone of the surficial aquifers includes wells screened in the Big Clifty sandstone. The 
interpretation of the stratigraphic position (above) was based on a review of the “06C” well 
logs (Hunt, 1990). Dunbar (1982,1984b) had previously described the uppermost bedrock 
as belonging to the Hardinsburg Formation. In preparation of the risk assessment, it is 
recommended that current/recent groundlwater contour maps be obtain’ed/prepared for the 
surficial aquifer zone. These maps should be used to confirm flow directions and to verify 
screen placements (depths) with respect to the water table elevation. 

Proposed New Wells 

One new well nest has been proposed for installation at ORR: “New Wells #I and #2.” 
This well nest will be located near Turkey Creek (Figures 3-13 and 3-16) directly 
downgradient of ORR with respect to groundwater flow in the surficial aquifer zone 
(Table 4-21). The objective of installing this well nest is to ensure that potential pathways 
for groundwater to migrate from ORR (and ultimately discharge to Turkey Creek) are 
adequately monitored. 

Analytical data (VOCs, SVOCs, inorganics, explosives, nitrate, and selected water quality 
parameters) should be collected from this well nest and combined with the analytical 
databases for the surficial aquifer and for the Beech Creek aquifer (perimeter wells). 

4.3.3.4 Air 

No ambient air monitoring data have been collected to date at ORR. Chemical emissions 
and air dispersion modeling of site chemicals at ORR are the focus of two separate 
Contract Task Orders issued by NAVSURFWARCENDIV (see Section 4.2.3.5 - Air). 

4.3.4 

The currently existing groundwater contamination database at ORR shows that only 
occasional “hits” of contaminants are present (for the majority of the monitoring wells). 
Also, no identifiable plumes of contamination have been shown to exist at ORR. Thus, for 
the purposes of this risk assessment, no groundwater transport modeling of contaminants 
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from ORR is proposed. Rather, the database as it will exist after the latest round of 
sampling will be used for estimati’ng risk to on-facility receptors. It is currently viewed as 
unlikely that this SWMU could contribute to off-facility groundwater contamination. 

The current chemical levels in surface soil, surface water, and sediment will also be used 
as exposure inputs for all three risk assessment scenarios for on-SWMU receptors. The 
assumptions being made in this approach are that a) the present lo’ading and clean-up 
activities at this SWMU are unlikely to further degrade these media due to the recent 
facility upgrades at this SWMU, and b) that the air emissions in the future, because they 
will not be substantially different than they have been in the past, also will not lead to 
further degradation of these on-SWMU media, i.e. steady-state conditions with respect to 
this source of contamination are assumed to exist. For off-facility residents, in Scenario A, 
the air emissions data will be used to estimate concentrations of hazardous constituents 
in off-facility environmental media (e.g. soil and vegetation) for the puIrpose of estimating 
exposure of off-facility residents, if particulate-bound/bioaccumulative chemicals are 
determined to likely be present. 

The air emissions data will also be used to estimate contaminant concentrations in and 
within the vicinity of Lake Greenwood to assess exposure of base personnIel and their 
families in Scenario A, if particulate-bound/bioaccumulative chemicals are determined to 
likely be present. 

4.4 DR CONCEPTUAL MODEL 

. 4.4.1 Genaral Overvlew 

Based on the descriptions of the past and present detonation activities at DR (Section 
3.4.2.2), two observations pertinent to the risk assessment are noted. First, it is likely that 
hazardous constituent contamination due to past activities has occurred in site soil, surface 
water, sediments, and groundwater. Secondly, this site is comprised of two separate 
activities - - the Navy detonation activities and the Army detonation activities. Thus, each 
of these activities and their associated locations should be considered a potential source 
of chemical contamination in the risk assessment. Current activities also lead to 
contaminants being emitted into the ambient air from both of these activity areas. 

4.4.2 

Scenario A (Figures 4-IA, 4-l B, 4-IC and 4-l D) is the scenario wherein the current 
activities at DR are assumed to continue indefinitely. Under this scenario, base personnel 
and their families would be assumed to be exposed to SWMU-impacted media near Lake 
Greenwood, including contaminants in ambient air as a result of the detonation activities. 
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Likewise, the off-facility residents would be expected to be exposed to airborne emissions 
from exposure to these detonation activities. If bioaccumulatiwe metals and/or 
environmentally persistant organic chemicals are found to be emitted into the ambient air 
from DR, there is the patential for contamination of secondary and tetiiary mdia, e.g. soil, 
plants, in the vicinity of these off-facility rempturs. Lastly, because the detonation activity 
is assumed to continue at DR indefinitely, exposure of SWMU workers to SWMU 
contamination is exp@cted to occur. SWMU workers would be expected to be exposed to 
contaminated air and surface soil at the SWMU. 

In Scenario B (Figure 4-2), DR activities are assumed to stop at some time in the future 
(e.g.100 years). This area would then be converted into a public park/natural area. 
Visitors to and employees of this park/natural area would thus be expascted to come into 
contact with contaminated surface soil, surface water, sediment, and groundwater at this 
SWFQIU. With respect to groundwater contamination at DR, a drinking water well would be 
assumed to be placed in any aquifer below this area and at any location within this SWMU. 
Thus, exposure to groundwater will be based on monitoring well data aggregated 
separately for each aquifer at DR, and these data will be averaged for those monitoring 
wells located within a reasonable, theoretical capture zone for a hypothetical future water 
supply well. 

In Scenario C, (Figure 4-3), DR activities are also assumed to stop at some time in the 
future (e.g.100 years), but the base is converted into a rural residential area. Residents 
living on the former SWMU would baj expected to come into contact with contaminated 
surface soil, surface water, sediment and groundwater. As in Scenario B, exposure to 
groundwater will be based on monitoring well data aggregated separately for each aquifer 
at DR, and these data will be averaged for those monitoring wells located within a 
reasonable, theoretical Eapture zone for a hypothetical future water supply well. Future 
residents would also be expected to consume vegetables grown in contaminated soil in 
home gardens, anld consume contaminated beef and milk from cattle raised for t,heir own 
consumption. Finally, future residents would be expected to consume local deer and 
turkeys that they tmunt. 

4.4.3 

4.4.3.1 Soil 

To date there has been no soil investigation at the DR. The Halliburton NUS Team 
recommends six to eight surface soil samples (O-6” grid composites) and three surface soil 
samples (O-6” grid composites) be collected from the Army Detonation Area and Navy 
Detonation Area, respectively. In addition, three soil samples will be collected to represent 
background soils for DR. See Table 4-l for recommended additional surface soil sampling 
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(Mansfield Formation) located in the southern portion of DR: wells 06-02, 06-03, 06-04, 
06-05, 06-09, 06-I 0 and 06-I 1. 

For the wells sampled, the analytical parameter list is generally complete for the risk 
assessment, with respect to inorganics, VOCs, SVOCs, pesticides/PCBs, and explosives. 
Table 4-22 is a summary of the analytical data parameters available from the sampling 
program for the DR monitoring wells, organized in terms of each water-bearing zone that 
was monitored. 

The existing analytical database should be used as the primary data source for 
groundwater for the risk assessment. The current analytical data will be evaluated 
according to well groupings, similar to those outlined for ORR (Section 4.5). In addition, 
this database will be supplemented with new data, recommended for collection in 1995. 
Additional sampling at selected wells is suggested in order to provide confirmation of the 
existing data and to establish that potential contaminant. levels have not changed 
significantly since April 1992. 

In general, the contaminants detected in groundwater at DR include metals, whiich in some 
wells were measured at levels above MCLs. Metals detected include aluminum, antimony, 
arsenic, barium, beryllium, cadmium, chromium, cobalt, copper, lead, manganese, nickel, 
thallium, tin, and zinc. Very high levels of some metals were observed for November, 
1991, at well 06-07 (surficial well in the northeast portion of DR), where seven metals 
exceeded their respective MCLs (such as nickel detected at 2.0 mg/l, atuminum at 
139.0 mg/l, iron at 84,200 mg/l, and manganese at 12.7 mg/l). 

Metals present in Beech Creek wells at statistically elevated levels above background 
(Well OSCO7) were aluminum, arsenic and manganese (Murphy and Wade, lQQ4b). Metals 
detected in the surficial zone wells (on-SWMW northeast group) at st’atistically elevated 
levels above background (Well 06-OIA) were aluminum, arsenic, beryllium, cobalt, 
manganese, nickel and z:inc (Murphy and Wade, lQQ4b). The detected levels of these 
latter metals were much higher in this group of wells, screened in the surficial aquifer zone 
at DR, than in any other group of wells or aquifer in the DR/ORR study areas (Murphy and 
Wade, 199413). 

Groundwater monitoring wells at DR were grouped according to aquifer and/or 
hydrogeologic position (i.e., surficial wells). For the risk assessment, each aquifer zone 
should be evaluated individually. In some cases, wells were further grouped within a given 
aquifer zone to reflect well locations with respect to groundwater flow directions, surface 
activities (Navy versus Army detonation areas), and proximity to surface water bodies 
(such as Boggs Creek and Turkey Creek). Summary tables have beean prepared which list 
the monitoring wells installed within each aquifer zone (Tables 4-23, 4-24, and 4-25): 
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DR GROUNDWATER SUMMARY OF ANALYTICAL PARAMETERS 
FOR EXISTING DATABASE (1990 - 1992) 

Parameter Group 

lnorganics 

Volatile Organic Chemicals 

Semi-volatile Organic Chemicals 

Pesticides/PCBs 

HYDROGEOLOGIC UNIT * 

Beech Creek Surficial A- 

1 l/91-4/92 1 l/91-4/92 

11/91 1 l/91 

1 l/91 5/91-II/91 

11/91 5/91-l ‘1191 

Explosives: 

Nitrate 

HMX 
RDX 
TNT 
DNB 
TETRYL 
TNB 
2,4-DNT 
2,6-DNT 

1 l/91-4/92 
1 l/91-4/92 
1 l/91-4/92 
1 l/91-4/92 
11/91-4/92 
11 I91 492 
1 l/91-4/92 
1 l/914/92 

4192 

5t9 l-492 
519 l-4192 
519 l-4192 
5191492 
519-I 492 
5191492 
5/91-4/92 
5/91-4/92 

4/92! 

NOTES: *: Table lists the dates (i.e., “11/91”) for the most recent sampling events that include the 
designated parameters. In some cases, a range in dates is shown because not all of the 
monitoring points within a given group were sampled for the entire analyte list on the most 
recent sampling date. 
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Beech Creek limestone, intermediate zone (base of Mansfield formation), and the zone of 
the surficial aquifers (Mansfield formation, Big Clifty sandstone, Golconda limestone, 
and/or overburden). The intermediate zone well (OSCOI P2) was dry for all three sampling 
periods (November, 1990, through November, 1991). Therefore, samples have not been 
collected from this well. 

Analytical data will be grouped and evaluated according to aquifer, and within each aquifer 
zone, according to on-SWMU wells versus perimeter wells. The downgradient/sidegradient 
well nest at 06CO7 will be evaluated separately as a background well location, as 
recommended by Murphy and Wade (1994b) because Well 06CO8 was found to have 
elevated levels of metals.. 

Wells recommended for additional sampling were selected to be representative of each 
well grouping (except for the intermediate zone well which has been dry in the past). The 
ten wells to be sampled have been designated (“underlined”) on Tables 4-23 and 4-25. 
Well 06CO7 and Well 06OIA will provide background water quality since these wells 
(Beaver Bend and surficial zone wells, respectively) are characterized by low levels of 
metals. The rationale for sampling is summarized in Table 4-26. New water quality data 
from wells proposed for compliance monitoring will also be used to update the risk 
assessment database. 

Sampling has not been recommended for the seven wells (to the south) which were 
installed in the surfrcial aquifer zones (Mansfield Formation) beneath the Army Detonation 
Area. NAVSURFWARCENDIV has indicated that these wells have not been maintained 
in usable condition. However, data from perimeter wells 06CO3P2, 06CO4P2, and 
06CO6P2 will be collected and used to characterize groundwater quality potentially 
downgradient from the Army Detonation Area. 

The surficial aquifer zone (mentioned above) has been used to group wells at both DR and 
ORR, for the risk assessment. The surficial wells are interpreted to monitor surficial 
groundwater flow, which probably occurs through fractures in a variety of lithologies. 
Dunbar (1982) used several of the older wells to construct water table contour maps, 
although not all wells intercept the same Iithologic horizon. The current review of well logs 
for both sites (DR, ORR) has indicated that not all surficial wells intercept the water table 
surface, nor are all of the screened intervals located at precisely comparable elevations. 
For example, the Mansfield Formation consists of interbedded lenses of sandstone and 
shale (Dunbar, 1982). The Mansfield Formation may be characterized by perched aquifers 
separated from each other laterally due to stratigraphic discontinuities. Some Mansfield 
wells apparently intercept different stratigraphic lenses, but have been interpreted 
nonetheless as monitoring surficial groundwater flow (Dunbar, 1982). For the risk 
assessment, it is recommended that current/recent groundwater contour maps be 
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TABLE 4-24 

DR GROUNDWATER WELL GROUPING 
FOR INTERMEDIATE ZONE 

On SWMU 

Northeast 

06C01P2A3B 

NOTE: A Well Screened in basal sandstone unit in Mansfield Formation. 

’ P indicates nested well located at well base number shown on figures. 
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DR GROUNDWATER WELL GROUPINGS FOR SURFICIAL AQUIFERS* 

On SWMU 
(Mansfield Formation) ’ 

off SWMU 

Northeast 25cu!l! 

06-01ACIM) 06-02 

06-01 B 06-03 (C/M) 

06-01 C 06-04 

06-06 06-05 

Q&Qz 06-09 

06-08 06-10 

Perimeter Perimeter 
Turkev Creek -Creek likm 

06CO2P2 (BC) 96CO6P2 (CS/M?) o6co8p2 W 

o6co3p2 (G) 

o6co4p2 WI) 

06-12 

06-13 

06COl P3 

06-I 1 

NOTES: p6-07 Underlining indicates well recommended for sampling. 

A P indicates nested well(s) located at well base number shown on figures. 

B Mansfield Formation unless indicated otherwise by abbreviation in parentheses, as 
explained in “c” below. 

C Formlations screened indicated by the following abbreviations: 
c: Clay 

cs: Clayey sand 
M: Mansfield Formation 

I:?): Formation name not identified on well boring log 
E3C: Big Clifty Sandstone 

G: Golconda Limestone 
I: Indian Springs Shale 
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obtained/prepared for the surficial wells. These maps should be used to confirm flow 
directions and to verify screen placements (depths) with respect to water table elevations. 

4.4.3.4 Air 

No ambient air monitoring data have been collected to date at DR. Chemical emissions 
and air dispersion modeling of site chemicals at DR are the focus of two separate Contract 
Task Orders issued by NAVSURFWARCENDIV (see Section 4.2.3.5). 

4.4.4 Environmental Fate/Disposition of DR Contaminants 

The currently existing groundwater contamination database at DR shows that only 
occasional “hits” of comaminants are present (for the majority of the monitoring wells). 
Also, no identifiable plumes of contamination have been shown to exist at DR. Thus, for 
the risk assessment, no groundwater transport modeling of contaminants from DR is 
proposed. Rather, the database as it exists will be used for estimating risk to on-facility 
receptors. It is currently viewed as unlikely that this SWMU could contribute to off-facility 
groundwater contamination. 

The current chemical levels in surface soil, surface water, and sediments will also be used 
as exposure assessment input for all three scenarios with respect to on-SWMU receptors. 
The assumption being made in this approach is that the air emissions in the future, 
because they will not be substantially different than they have been in the past, will not 
lead to further degradation of these media, i.e. steady-state conditions with respect to this 
source of contamination are assumed to exist. 

For off-facility residents in Scenario A, the air emissions data will be used to estimate 
concentrations of hazardous constituents in off-facility environmental media (e.g. soil, 
plants) for the purpose of estimating exposure of the nearby residents if particulate-bound/ 
bioaccumulative chemicals are determined to likely be present in air. Air emissions data 
will also be used to estimate contaminant concentrations in SWMU-impacted 
environmental media near Lake Greenwood to assess exposure of base personnel/families 
while at home (Scenario A), again, only if particulate-bound/bioaccumulative chemicals are 
likely to be present in air. 
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SELECTION OF CHEMICALS OF POTENTIAL CONCERN 

4.5.1 

Before the chemicals of potential concern can be selected, the relevant risk assessment 
data must be grouped and summarized. The procedures to be used in summarizing the 
data (in accordance with USEPA procedures, USEPA, 1989a) are described below: 

l All data used in the risk assessment should first be collected, analyzed and 
validated. 

l The initial grouping of the risk ass’essment data should be done according to 
SWMU (e.g., ABG, ORR, DR). Further grouping should then be don’e by 
environmental medium (e.g., soil, groundwater) as described in the previous 
section of this work plan. Additional grouping within an environm’ental medium 
will allow independent investigation of specific areas within a medium (e.g., 
comparison of background samples with chemicals detected within specific 
areas of a SWMU). 

l The distributional properties of the data should then be tested in order to apply 
the appropriate statistical tests and procedures for proper interpretation of the 
risk assessment results. It is suggested that the Shapiro-Wilk test of normality 
(Gilbert, 1987) be used to determine the underlying distribution of data for all 
environmental media. 

. Duplicate sample data, when available, will be averaged. If a chemical is 
detected in only one of two duplicate samples, the detect concentration will be 
used. Concentration data from multiple samples in an area (e.g., within a 
SWMU) will be averaged. If a chemical is detected at least once in a grouping, 
the average concentration for that area will be calculated by averaging the 
detected concentration(s) with a fraction of the quantitation limit of ,the non- 
detected sam;ple concentration. The USEPA (1992c) provides the following 
guidance for choosing between the method detection limit (MDL) and the 
practical quantitation limit (PQL) in characterizing “nondetect” concentrations: 
1) If a measurement is reported as “not detected”, the actual concentration is 
assumed to be between zero and the MDL. The appropriate substitution would 
then be to replace the measurement by one-half of the MDL; 12) If the 
measurement is “detected but not quantified,” the actual concentration should 
be somewhere between the MDL and the larger PQL. In this case, the 
appropriate substitution would be halfway between the MDL and the PQL, or 
(MDL + PQL)M. If it cannot be determined whether a nondetect sarnple has 
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been detected or not, the EPA recommends that the nondetect be replaced by 
one-half thre MDL, since the PQL is often too high to adequately characterize 
many nondetect concentrations. 

l The USEPA (1992c) also recommends the following procedures for handling 
nondetects: 1) If less than 15% of all samples are nondetect values for an 
analyte, replace each nondetect by half its detection or quantitation limit and 
proceed with paramdric analysis; 2) if the percent of nondetects is between 15 
and 50, either use Cohen’s adjustment to the sample mean and variance in 
order to proceed with a parametric analysis or employ a non-parametric 
procedure by using the ranks of the observations and by treating all nondetects 
as tied values; 3) if the? percent of nondetects is greater than 50 percent, use 
the Test of Proportions. 

l Samples in which a chemical is not detected will be compared to the maximum 
detected concentration for that chemical to determine if the nondetects should 
be included in calculating the mean concentration. If one-half of the PQL for a 
nondetect sample is higher than the maximum detected concentration in the 
same medium for that chemical, the sample will not be included in the 
calculation of the average for that chemical. This will prevent the average from 
being artificially biased upwards by high detection limits. 

The summarized data will be presented in the risk assessment, grouped by environmental 
medium within each SWMU. Parameters to be included in data summary tables will 
include frequency of detection, the range of detected concentrations, the mean 
concentration, and the upper 95 percent confidence limit value (UCL) for the mean. The 
95 percent UCL will be calculated according to guidance in “Calculating the Concentration 
Term,” (U.S. EPA, 1992). Chemicals selected for further evaluation in the risk assessment 
should be th’ose likely associated with current and/or past site activities. Therefore, an 
initial selection process is recommended to eliminate chemicals found to be associated 
with sampling or laboratory artifacts and naturally-occurring chemicals that are considered 
to be at background levels. The following methodology is recommended as the next step 
in the selection of chemicals of potential concern to the project. 

. Inorganic chemicals present at naturally-occurring levels may be eliminated 
from the quantitative risk assessment by using a statistical method to determine 
whether chemical concentrations detected at the site are within, or elevated 
above, background levels (USEPA, 1989a). The statistical method that is used 
should be appropriate for the data under evaluation and should account for data 
below the limit of detection (USEPA, 1988a). The statistical test(s) to be used 
for comparing site data with background data should be selected after the data 

4-35 



CLEAN CT0 #0076 
FINAL 

EPA ID No. IN5 170 023 498 
NAVSURFWARCENDIV RA WP 
July 1995 

are examined using the procedures described above. Justification for the 
statistical methods selected should be provided in the risk asses’sment. If a 
sufficient number of samples is not available for a staindard statistical test, 
alternative statistical methods should be considered. If an insignificant number 
of samples occurs, specific guidance will be sought from USEPA Region V. 

. According to the USEPA (1989a), if the detected concentration in a sample is 
less than 10 times the blank concentration for common laboratory contaminants 
(e.g., acetone and the phthalate esters) the chemical should not be selected for 
evaluation in the risk assessment. For those organic or inorganic chemicals 
that are not considered by USEPA to be common laboratory contaminants (all 
other compounds), if the detected concentration is less than 5 times the 
maximum detected concentration in the blanks, the chemlical is not selected for 
evaluation in the risk assessment. 

Following the preliminary screening, Halliburton NUS Team suggests that the USEPA 
Superfund concentratiion/toxicity screening approach be used to further identify the 
“chemicals of most concern” to the project. The rationales forwarded by the USEPA to 
narrow an original list of site-specific chemicals to the “chemicals of most concern” to a 
project fall into four categories: 

l Certain chemicals may be grouped by structure-activity relationships (e.g., non- 
carcinogenic PAHs are frequently combined into one group). 

l Nutrient metals (e.g., iron and magnesium) may be dropped from further 
consideration if their presence is not excessive. 

l Chemicals which do not possess current USEPA health criteria (e.g., titanium) 
cannot be quantitatively evaluated. These chemicals are dropped from the 
database, and only a qualitative evaluation of these substances will be made. 

l A concentration-toxicity screening procedure may be used to rank the 
remaining chemicafs according to their relative risk. Chemicals with the highest 
relative risk are then selected for inclusion in the quantitative risk assessment. 

Since this screening procedure estimates the relative hazard of each chemical based on 
its concentration in site media and its toxicity, chemicals are scored according to their 
projected environmental concentrations at the site within each environmental rnedium and 
their relative toxicities. Carcinogens and non-carcinogens are screened separately. The 
following equation should be utilized (USEPA, 1989a): 
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where: 
Rj = (GJ CT,) 

Rij = relative risk factor for chemical ‘i’ in medium ‘j’ 
Cij = concentration of chemical ‘i’ in medium ‘j’ 
Tij = toxicity value for chemical ‘i’ in medium ‘j’ 

The USEPA suggests in their Superfund guidance that each contaminated medium at a 
site be scored individually, and chemicals of concern are to be selected as media-specific 
analytes. 

All of the relative risk facl:ors (R,) calculated from both chemical databases (carcinogenic 
and non-carcinogenic) for each environmental medium or medium sub-grouping are then 
summed to arrive at both a total cancer and a total non-cancer relative risk factor (R,). 
Those chemicals in each database that exhibit the highest individual relative risk scores 
(RdRj) and that collectively account for at least 99 percent of the total relative risk for the 
medium will be selected as the chemicals of most concern to the project. These chemicals 
will be evaluated quantitatively in the body of the risk assessment report. All site chemicals 
with health criteria, including those chemicals that collectively account for the remaining 
1 percent or less of the total relative risk will be evaluated and included in an appendix. 

4.5.2 

As mentioned previously, one of the rationales forwarded by the USEPA in selecting the 
chemicals of potential concern for a project is to group those substances of similar 
structure. Halliburton NUS Team recommends that PAHs and dioxins/furans, if they are 
determined to be present in environmental media at the SWMUs, be evaluated in this 
manner. 

The USEPA (1993) has provided provisional guidance for assessing the risk of the 
carcinogenic PAHs. This methodology is based on the relative potency of each compound 
to the potency of benzo(a)pyrene (BaP). The Halliburton NUS Team is proposing that 
these TEFs be used for this assessment. 
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The TEFs recommended by the USEPA (1993) are as follows: 

PAH TEF 

benzo(a)pyrene 
benzo(a)anthracene 
benzo(a)fluoranthene 
benzo(k)ftuoranthene 
chrysene 
dibenzo(a,h)anthracene 
indeno( 1,2,3-c,d)pyrene 

1.0 
0.1 
0.1 
0.01 
0.001 
1.0 
0.1 

All noncarcinogenic PAHs present in the SWMU emissions without toxicity values should 
also be grouped together. The toxicity value calculated for pyrene will be used to screen 
this group since this analyte possesses the lowest Reference Dose (RfD) (USEPA, 1991). 

The USEPA (1989) has also provided guidance for assessing the risk of TCDDs/TCDFs, 
based on the relative potency of each compound to 2,3,7,8-TCDD. These TEFs, which are 
listed below, are also recommended to be used in this risk assessment: 

2,3,7,8-TCDD 1 

2,3,7,8-PeCDD 0.5 

2,3,7,8-HxCDDs 0.1 

2,3,7,8-HpCDD 0.01 

OCDD 0.001 

2,3,7,8-TCDF 0.1 

1,2,3,7,8-PeCDF 0.05 
2,3,4,7,8-PeCDF 0.5 

2,3,7,8-Hx:CDFs 0.1 

2,3,7,8-HpCDFs 0.01 
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OCDF 0.001 

4.6 ENVIROPWEMTAL FATE CHARACTERISTICS OF THE CHEMICALS OF 
POTENTIAL -fZONCERN 

As part of this site-specific hazard assessment, information on the environmen’tal behavior 
of the chemicals of potential concern will be’presented. This type of information indicates 
which environmental media and therefore which exposure pathways are most important 
to address in the quantitative risk assessment for each of the SWMlJ5. 

D:\GT076Ql\WPl\S4 
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5.0 EXPOSURE AS$ESSMENT 

5.1 INTRODUCTION 

An eaxposure pathway consists of four main elements: (a) a source and mschanism of 
chebmical r&rase to the environment; (b) an environ’msn~tal trans#plort medium for the 
released chemical; (c) a point of potential contact by a receptor with the contaminated 
medium (referred to $8 the exposure point); and (d) a route of exposure (e.g., ingestion, 
inhalation, dermal contact) at the exposrure point. Hf any of these factors irin absent, the 
pathway is incompl&@, and exposure cannot occur. Therefore, thi@ objsctives of the 
exposure assessment section of the risk assessment report ara: (a) to sslvtiact the specific 
locations of each of the identified potentially exposed receptor populations’; and (b) to 
quantify ths extent of rdacgcptor eeixpoaura to the chsmicaEs of potential concam at these 
loc’ations from the moat snrignifioant elro;po$u#rrs pathways. 

A general principle of exposure assessment is to use conservativa assumptions (i.e., 
assumptions that tend toI overeistimate chemical exposure) so that the fin’al tastimates of 
chemical contact that aire calculrbd will likely be highlasrr than the rang@ lof actualI Esxposures 
in the surrounding populzlloe. Estimates of expo@u!ra developed for this workpl,an will be 
consewative in this s@nsq in two way@. First, for each1 exposure sc@npep~rio, the ;asservs@meent 
will focus on the geographic locestiones at eaach SNUJ where exposu~up3 is eaxpedsd to be 
greatest, and on the sublpopwlationa61 li’kaly to bs most ex:posed (*air exampls, SWMU 
workers contacting surface soils). For this reason, the estimates of exposunz will not be 
valid for most of the populiation. SscHoindly, exposure a’sseiss’mants for aheaaa mcesptors will 
incorporaIts con$FEsrvaXive physical and behavioral a’aaumptions whi:iCh also influence the 
exposure ersDimates. Thesae include eeetimatas of ohsmical esmission rates associated with 
the SWMU burninigSdetonatiIon adivit’iss, particla deposition rataeq anviiranmIental 
persistence of the chsmicals, chemical bio-uptake, chemical bioavailability, and human 
activity. For these masons, the axpoaaure egst’imetes that are cal’culatierd in this risk 
assessment are intssGd,ed to r@pres#ant hypothetical reasonably maxi~ma~lly-@xposed 
individ’uals. Chlermical esxposuras to any ind’ividual wmntly residling chn or near the! project 
SWMU3 are thus expscted to be letss than those calculated. 

5-I 



CLEAN CT0 #0076 
FINAL 

EPA ID No. IN5 170 023 498 
NAVSURFWARCENDLV RA WP 
July 1995 

5.2 FINAL PROPOSED CONCEPTUAL MODELS 

5.2.1 

Burning/detonation activities at ABG, ORR and DR continue indefinitely. 

Three human receptor populations are suggested to quantify the potential magnitude of 
the current level of contaminant exposure at each SWMU operation. Thlese populations 
are: 

. Navel Base Personnel and their Families 
l SWMU Workers 
l Off-facility Residents 

These populations currently reside on and around the base. Base personnel and their 
families are those individuals who live within the borders of NAVSURFWARCENDIV, near 
Lake Greenwood. This family will be assumed to consist of adults and toddlers, and will 
be assumed to live at NAVSURFWARCENDIV for a period of 4 years. 

These receptors will be exposed to contaminants in air, water (Lake Greenwood) and soil 
white in residence at the base. This family will also be assumed to swim in Lake 
Greenwood. The contaminant concentrations in the soil around Lakes Greenwood, as well 
as in Lake Greenwood, will be modeled using air emissions data from all three SWMUs 
combined if particulate-bound/bioaccumulative chemicals are believed to be present in air. 

The adult base employee will also be assumed to enter the SWMUs 20-days during the 
year as part of his/her job responsibilities. This employee on any giveIn contact day will be 
assumed to enter each SWMU equally. Therefore, the total intake for a given 
environmental medium (e.g., air, soil) will be proporboned equaHy among the SWMUs. 

SWMU workers will be assumed to be adults only, who work at this facility for 20 years. 
The SWMU worker is an individual who works only at one SWMU. However, within a 
SWMU, the worker is assumed to come into contact with media in each distinct area of 
contamination. For example, the worker at ABG will be assumed to spend mos’t of the time 
in the area of the burn pads, but will oc’casionally enter the jeep trail area. The exposure 
point concentration from each area of contamination will be proportional to the amount of 
time spent in that area. The exception will be the DR, where it will be assumed that there 
are two separate workers: an army worker and a navy worker. Each of these workers will 
be assumed to come into contact only with the areas within this SWMU contaminated by 
army and navy activities, respectively. 
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Off-facility residents are local residents living downgradient (groundwater) anld within the 
air dis’persion plume of the SWMUs. At the present time, one off-facility residsntial group 
has been selected for evaluation, the Padanaram Community. These off-facility residents 
will be assumed to remain off the facility and not venture onto the base. Therefore, all 
media that thmis community (assumed to be adults and toddlers) comes into contact with will 
be outside of the facility. Contaminant concentrations in certain off-faci’lity madia (e.g., soil, 
vegetation) will be modIeled using combined SWMU air emissions data if particurlate-bound/ 
bioaccumulative chemicals are determined to likely be present in air. The off-facil’ity 
community will be assumed to use groundwater as well as off-faoility spring water for 
drinking and bathing. These receptors will be assumed to live in this area for a period of 
70 year3 (worst case). . . 

The likely exposure routes to be modeled for each of the above receptors are summarized 
below. Tables 5IA, &;?A, and 5-3A detail our inclusion/exclusion exposure pathway 
analyses for each of these receptor populations associated with ABG, ORR, and DR. 

ms (Adults Only) 

. Inhalation of vapor-phase chemicals 

. Inhalation of airborne fugitive particulates 

. Ingestion of airborne fugitive particulates secondary to inhalation 

. Ingestion of on-SWMU soil 

. Dermal contact with on-SWMU soil 
l Ingestion of production well water (ABG only) 

m (Adults and Toddlers) 

. Inhalation of vapor-phase chemicals 

. Inhalation of airborne fugitive particulate3 

. Ingestion of airborne fugitive particulates secondary to inhalation 
l Ingestion of soil (near Lake Greenwood, adults & toddlers; SWMU soil, adult) 
. Dermal contact with soil (near Lake Greenwood, adutts & toddlers; SWMU soil, 

adults) 
. Ingestion of surface water (Lake Greenwood) 
. Dermal contact with surface water (Lake Greenwood) 

. . 
Off-facrlrty Ru rat Resider& (Adults and Toddlers) 

. Inhalation of vapor-phase chemicals 

. Inhalation of airborne fugitive particulates 
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. 

. 
Ingestion of airborne fugitive particulates secondary to inhalation 
Ingestion of drinking water off-site (Boundary well data to be used as 
surrogates) 
Dermal contact with drinking water off-site 
lnhal:ation of vapor-phase chemicals while showering 
Ingestion of off-facility spring water 
Dermal contact with off-facility spring water 
Ingestion of venison/turkey 
Ingestion of of&facility soil 
Dermal contact with off-facility soil 
Ingestion of locally-grown vegetables and locally-raised beef and milk 

5.2.2 

Scenario B: BurningIdetolnation activities continue for 100 years; facility is then turned into 
a park/natural area. 

Two receptor groups have been chosen as the receptor populations. These groups are: 

. Park Employees 

. Park Visitors 

Base personnel have stated that upon closure of this Base, the land is planned for 
redevelopment into a park/natural area. Under this land use scenario, it is prudent to 
examine the existing contamination at the site with respect to recreational users (families) 
of the future park/natural area. Each SWMU will be evaluated independently as a park. 

For the purposes of this risk assessment, park visitors (adults and toddlers) will be 
assumed to visit the park ,for 20 years. Park employees (adults) will be assumed to work 
at the park also for 20 years. The likely exposure routes to be modeled for each of the 
above receptors are provided below. Tables 5-IB through 53C detail the exposure 
pathway analyses for potential sources of contamination at the ABG, ORR, a,nd DR. 

. . Park/Natural Area VIslfor.~ MuIts and Todd <* lers) and Park Enaglovees (AdultQ 

. Ingestion of on-SWMU soil 

. Dermal contact with on-SWMU soil 

. Ingestion of colntaminated drinking water 

. Incidental ingestion of surface water (creeks at all SWMUs; springs at ABG) 
l Dermal contact with surface water (creeks at all SWMUs; springs at ABG) ,, 
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. Ingestion of sediment (creeks) 
l Dermal contact with sediments (creeks) 
. Ingestion of venison/turkey 

Scenario C: Burning/detonation activities continue for 100 years; facility is then turned into 
a rural residential area. 

Another possible future scenario for this facility is redevelopment into a rural residential 
area. Under this scenario; existing contamination will be evaluated with respect to a rural 
families (adults and toddlers) living on the former SWMUs. Each SW’MU will be evaluated 
independently as the location of a residence. 

For the purposes of this assessment, residents will be assumed to live on the former 
SWMUs for 70 years (6 years as a toddler and 64 years as an adult). The likely exposure 
routes for the resident family are summarized below: 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

ncidental ingestion of on-SWMU soil 
Dermal contact with on-SWMU soil 
ngestion of drinking water 
Dermal contact with drinking water 
nhalation of vapor-phase chemicals while showering 
ncidental ingestion of surface water (creeks at all SwMlJs; springs at ABG) 
Iermal contact with surface water (creeks at all SWMUs; springs at ABG) 
ngestion of sediment (creeks) 
Iermal contact with sediments (creeks) 
ngestion of vegetables grown in home gardens 
ngestion of locally-rasised beef and milk 
ngestion of venison/turkey 

Tables 54A and 5-4B summarize the pathways to be evaluated for receptors in the current 
and future use scenarios, respectively. 

5.3 EXPOSURE POINT LOCATIONS FOR ANTICIPATED RECEPTORS 

The reasonably maximally-exposed human receptors selected for inclusion in the risk 
assessment include potential current receptors (on-site SWMU workers, on-site base 
personnel and their families, and off-site local residents) and potential future receptors 
(park/natural area visitors and employees and on-SWMU residents). In general, these 
receptors will be assumed to work or live in the geographic locations predicted to be 
maximally impacted either by the current levels of contaminants at these sites or by the 
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emissions (groundwater, air) released from ABG, ORR, and DR. These individuals are 
anticipated to be exposed to hazardous constituents present in the environment from many 
sources and through a wide variety of routes. The most significant exposure routes have 
been summarized in the previous section of this work plan. 

The frequency, extent, and duration of exposure for any individual person will depend on 
many factors, including location of residence, age, and activity patterns. Behavioral 
patterns are likely to be highly variable among individuals. For example, the amount of fish 
consumed by inIdividuals varies from none for people who do not eat fish to re’lativety large 
amounts in people who use sportfishing as an important means of supplementing their diet. 
This potential wide variation in likely exposure to environmsntal contaminants in any 
receptor population necessitates the use of sim;plified, conservative assumptions in the 
process of exposure assessment. Halliburton NUS Team has suggested the standard 
assumptions presented in the Superfund Exposure Assessment Manual (USEPA, 1988) 
the Superfund Human Health Assessment Manual (RAGS, USEPA, lQ89a), the 
supplemental guidance to RAGS regarding “Standard Default Exposure Factors,” (USEPA, 
1991) and the Exposure Factors Handbook (USEPA, 1989b) in preparing this site-specific 
exposure assessment work plan. 

5.4 QUANTITATIVE ENVIRONMENTAL FATE ANALYSIS 

Discussions of the environmental media concentrations for use in the risk assessment for 
the on-SWMU chemical contaminants have been provided earlier in Section 4.0. This 
section will only discuss the anticipated chemical fate modeling for this assessment. 

The only environmental fate modeling proposed for use in this baseline risk assessment 
at the present time involves the air dispersion modeling of the emission substances from 
each SWMU (by other CTOs), the quantification of volatile chemicals in the air during 
showering (Section 54.1) and the possible accumulation of airborne chemicals in 
secondary, off-SWMU environmental media (Sections 5.4.2 through 5.45). A shower 
model will be evaluated only if VOCs are found in the groundwater monitoring wells. 
Chemical accumulation in plants and animals will be modeled only if bioaccumulative 
and/or persistent chemicals are shown to be emitted from those SWMUs into the ambient 
air. 

5.4.1 . . . . 
Chemical Concentratmns III the Am While Shower ing. 

For the purpose of quantifying human exposure to VOCs while showering in contaminated 
groundwater, the concentration of each VOC of concern in the air in the shower will be 

9, calculated from the chemical concentration in groundwater at each receptor location. 
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Halliburton NUS Team has developed an environmental fate model, adapted from a 
“shower model” developed by Foster and Chrostowski (1987), to quantify air levels of 
volatile chemicals in a shower. 

5.4.2 

5.4.2.1 Inorganic Substances 

Metals present in the air emissions of the open burning/open detonation activities from 
these SWMUs will bind to airborne particulates and subsequently deposit onto soil. The 
approach selected for estimating the soil accumulation of metals is consistent with the 
current USEPA guidance on indirect exposure to combustion emissions (guidance 
documents: USEPA, 1990; 1993b). The mass-balance equation recommended for 
estimating the accumulation of these contaminants in soil as a function of time is 
(USEPA, 1990; 1993b): 

loo &qj (I - ,-KS Ti ) 
cs=c 

i=l (KS) (2) (BD) (100) 

where CS = average contaminant level in soil (mg/kg); Dyd = annual deposition rate of 
contaminant (mg/m2-yr -. output from air dispersion model); Ks = soil loss constant 
(chemical-specific); Ti = 1 .O through 100 years to give average contaminant level over 
assumed 100 years of SWMU operation (Scenario A); BD = soil bulk density (assume 1500 
kg/m3; USEPA, 1990); and Z = soil mixing depth = 0.20 m for tilled soil (crop&garden soil 
default value) or 0.01 m for untilled soil (dermal exposure and soil ingestion default value). 

For inorganics, the soil loss constant, KS, is equated to the elimination rate constant due 
to leaching: KsL . Inorganics such as metals do not degrade environment:ally but are 
assumed to leach through soil. This approach is consistent with the calculations of 
cumulative soil concentrations from the deposition of combustorderived contaminants, as 
presented in the recent US. EPA guidance documents (USEPA, 1990; 1993b:). Inorganic 
loss due to volatilization is assumed to be negligible. 

The soil loss constant due to leaching (KSL) will be obtained by estimating the water 
availability in the soil and 1:he influence of soil properties on water and contaminant mobility 
using the equation shown below. The input parameters for calculating the chemical- 
specific KSL values are als’o defined below. If site-specific values are not readily available, 
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several default parameters will be taken directly from the current USEPA guidance 
documents on combustor emissions, as indicated below (USEPA, 1990; lQQ3b): 

K SL = 

P + I - E, 

(0) (Z) [l + (BD x K, / O)] 

where: 

K SL = 

‘p = 

I = 

E, = 

z = 

BD = 

Kd= 

loss constant due to leaching (yi”) = chemical-specific value; 

average annu’al precipitation (cm/yr) = site-specific value or default value of 
120 cm/yr (USEPA, 1990); 

average annual irrigation (cm/yr) = site-specific value or default value of 
25 cm/yr (USE.PA, 1990); 

average annual evapotranspiration (cm/yr) = site-specific value or default value 
of 100 cm/yr (IJSEPA, 1990); 

soil volumetric water content (mUcm 3 ) = default value of 0.22 mL/cm 3 
(USEPA, 1990); 

soil depth from which leaching removal occurs (cm) = 20 cm for tilled soil and 
1 .O cm for untilled soil (USEPA, 1990); 

soil bulk density (g/cm”) = default value of 1.5 g/cm (USEPA, 1990); 

soil water.partitioning coefficient (mug) = chemical-specific value obtained from 
published scientific literature. 

The water available for leaching, estimated by (P + I - E,), represents a mass balance of 
water inputs and outputs from the area in consideration (USEPA, 1990). As reported in 
the guidance document (USEPA, 1990) precipitation values range from 18.06 to 
164.19 cm/yr for 69 selected U.S. cities (U.S. Bureau of the Census, 1987). Irrigation 
values range from 0 to 100 cm/yr for 69 selected cities (Baes et al., 1984; cited in USEPA, 
1990). Evapotranspiration values vary from 35 to 100 cm/yr (Baes et al., 1984; cited in 
USEPA, 1990). The soil water content (0) is influenced by the available water and by the 
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soil structure/soil type, and values for this parameter typically range from 0.03 to 
0.40 ML/cm3 (Hoffman and Baes, 1979; cited in USEPA, 1990). 

5.4.2.2 Organic Chemicals 

Halliburton NUS Team recommends the use of a single-compartment, first-order reaction 
rate approach to calculate the accumulation of particulate-bound, non-volatile organic 
chemicals such as PAHs and PCBs in soil (USEPA, 1990). This approach requires the 
incorporation of published soil half-life data for each chemical into the equation for 
estimating soil contaminant levels (CS)identified in the previous section. Soil losses of 
non-volatile organic chemicals are assumed‘to be related to abiotic and biotic degradation 
in addition to leaching. For these chemicals, the soil loss constant, )<8, is equated to the 
sum of the individual rate con@ants for degradation, K,, (based on published soil half-life 
data) and leaching, KSL. Losses due to volatilization are assumed to be negligible. This 
approach is consistent wiith the calculations of cumulative soil concentrations from the 
deposition of combustor-derived contaminants, as presented in recent U.S. EPA guidance 
documents (USEPA, 1990; 1 QQ3b). 

5.4.3 

Chemical contamination of garden produce, as well as crops grown on local farms for 
livestock feed, can arise from aerial deposition of airborne particulates emitted from the 
SWMUs onto plant surfaces and via chemical uptake from contaminated soil. Contaminant 
levels in vegetation will be calculated as follows: 

CV = CVR + CVD 

where CV = total contaminant level in vegetation (mglkg); CVR = contaminant level in 
vegetation from root uptake (mg/kg); and CVD = contaminant level in vegetation from 
deposition on plants (mglkg). 

Vegetation accumulation will be calculated for the following food and livestock crops: 

l potatoes 
. carrots 
. tomatoes 
l beans/peas 
l lettuce 
. hay 
. corn (silage) 
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Contaminant levels in fruits and vegetables will be expressed on a wet-weight basis. 
Levels in cattle feed will be expressed on a dry-weight basis because cattle feed 
consumption rates are typically provided on a dry-weight basis. 

5.4.3.1 Chemical Accumulation via Root Uptake (CVR) 

Root uptake of chemical contaminants in vegetation will be calculated as follows: 

CVR = RUF x CS x DWF 

where CVR = contaminant level in vegetation via root uptake (mg/kg); RUF = root uptake 
factor (kg/kg); CS = conta,minant level in soil (mg/kg) (0.20 m mixing dIepth); DWF q dry-to- 
wet weight conversion factor (unitless) (not applicable to livestock crops) = 0.25 (potatoes); 
0.06 (tomatoes); 0.05 (lettuce); 0.12 (carrots); and 0.18 (beans) (Wenck, 1983; Wrersma 
et al., 1986). 

The scientific literature will be reviewed for data from which to estimate root uptake factors 
for the chemicals of potential concern. 

5.4.3.2 Chemical Accumulation via Direct Deposition (CVD) 

The mass-balance equation for particulate deposition onto vegetation (applicable only to 
lettuce, beans/peas, tomatoes, and hay) is: 

cvD = A (1 - e-‘? 
yxk 

where CVD = contaminant level in vegetation from direct deposition (mg/g); .A = analyte 
deposition onto plant surface (regional deposition rate x fraction of surface area occupied 
by plant (f,,d PWm2-dw)); fiant = 0.72 (lettuce); 0.56 (tomatoes); 0.18 (beans); 0.48 
(hay); and 0.87 (corn) (Baes et al., 1984); k = rate constant for chemical ICISS from plant 
surface due to weathering (day-‘) = 0.05 day’ (Baes et al., 1984); y = vegetation yield 
(kg/m?, a site-specific value; and t = length of growing season (days), a site-specific value. 

The values for y and t for each crop will be determined through interviews with local 
farmers and/or Indiana agricultural extension specialists. 
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5.4.4 

5.4.4.1 Bioaccumulation in Beef/Venison/Turkey 

Beef cattle or local wild deer and turkey consuming contaminated vegetation and soil may 
accumulate contaminants in their muscle tissue (including fat). The equation that is 
recommended to estimate potential contaminant concentration in beef is: 

CB=ICBxBB 

where CB = concentration of contaminant in’beef (mg/kg); ICB = daily contaminant intake 
by beef cattle (mg/d); and BB = biotransfer factor for beef (d/kg). 

Daily contaminant intake (ICB) by beef cattle will be calculated as follows: 

ICB = IH + ICS + IS + II 

where IH = contaminant intake from hay (beef animal) (mg/d); ICS = contaminant intake 
from corn silage (mg/d) and IS = contaminant intake from soil (mg/d); II = contaminated 
intake from inhalation (mgld). 

IH and ICS will be calculated with the following general equation: 

Ii = CVi X CR, 

where Ii = contaminant intake via feed type ‘I’ (mg/d); CVi = contaminant level in feed type 
‘I’ (mg/kg); CR, = cattle consumption rate of feed type ‘I’ on a dry weight basis(kg/d) = 1.62 
kg alfalfa hay; 8.71 kg corn silage (Neumann, 1977). 

Contaminant intake for cattle via soil ingestion (IS) will be calculated as follows: 

IS=CSxSCR 

where CS = contaminant level in soil at 0.20 m mixing depth (mg/kg); SCR = cattle soil 
consumption rate (kg/d) = 0.1 Q kg/d (Fries, 1987). 

Contaminant intake for cattle via inhalation (II) will be calculated as follows: 

II = CA x IR 
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CA = contaminant concentration in air (mg/m3) 
IR = inhalation rate (m3/d) 

= 20.5 m3/d (beef animal; Mitchell, 1990) 

Halliburton NUS Team recommends that the beef biotransfer factors publishecl by Stevens 
(1992) be utilized, if applicable, in the risk assessment. For chemicals of concern for which 
no beef biotransfer factor is currently available, the transfer factors should be derived from 
data gathered through a review of thle scientific literature. 

Samples of tissue from deer and turkeys killed on the site will be analyzed for chemical 
contamination as part of the Ecological Risk Assessment (Section 8.0). These tissue 
concentrations will also be used in the Human Health Risk Assessment to estimate human 
doses of the contaminants of potential concern from ingesting deer and turkeys harvested 
at the site. Should adequate data not be available, contaminant concentrations in venison 
and turkey will be modeled in a manner similar to that used for beef. The literature will be 
reviewed for appropriate input parameters (e.g., deer and turkey food consumption). 

5.4.4.2 Bioaccumulation in Milk 

Dairy cattle may also be exposed to chemicals of potential concern via inhalation of air and 
ingestion of contaminated soil and vegetation. These chemicals could then bioaccumulate 
in milk to a steady-state clondition. The general equation that will be used to calculate the 
potential concentration of chemicals in bovine milk is: 

CM=ICMxBM 

where CM = concentration of contaminant in milk (mg/kg); ICM = daily contamiinant intake 
by dairy cattle (mgld); and BM = biotransfer factor for milk (d/kg). 

ICM for the dairy cow will ibe calculated in the identical manner that ICB was calculated for 
the beef animal. The dairy cow will be assumed to consume 4.86 kg alfalfa hay and 5.61 
kg corn silage a day (dry-weight basis (Linn et al., 1981)) and 0.4 kg soil a day (Fries, 
1987). Milk biotransfer factors for six metals and Polychlorinated dibenzo-dioxin 
(PCDD)/Polychlorinated dibenzofuran (PCDF) have recently been d’erived by Stevens 
(1991), and these are recommended for use in the risk assessment if applicable. The 
literature can be reviewed to derive milk biotransfer factors for those chemicals of concern 
for which one has not been provided by Stevens. 
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5.4.5 

Particulate-bound contaminants present in the air emissions of the open burning/open 
detonation activities from the three SWMUs have the potential to deposit into on-facility 
surface water such as Lake Greenwood and off-facility surface water such as Little Sulphur 
Creek south of the facility boundary. Surface water bodies within the potential air 
dispersion impact zone of the open burning/open detonation activities could receive 
contaminants as direct fallout and indirectly in runoff and erosioln from fallout to watershed 
soils. However, the magnitude of potential impacts to creek water is expected to be 
minimized by environmIental fate and transport processes including chemical degradation 
and also dilution, recharge and “flow-through” within this surface water. Modeling of 
potential air impacts to Little Sulphur Creek, therefore, is not being recommended for the 
risk assessment. 

Modeling will be used, however, to evaluate the potential impacts to Lake Greenwood 
related to the air dispersion and d’eposition of particulate-bounid contalminants present in 
the air emissions from the open burning/open detonation activities. The modeling algorithm 
selected to evaluate this pathway is consistent with the calculations of cumulative 
concentrations in surface waters from the deposition of combustor-derived contaminants, 
as presented in recent USEPA guidance documents (USEPA, 1990; lQQ3b). 

Since Lake Greenwood is presumed to be located within the potential impact zone of the 
open burning/open detonation activities, a fraction of the mass of particulate-bound 
emissions (metals and non-volatile organics) is expected to deposit directly into the lake 
and onto watershed soils. The water concentrations of contaminants are determined 
through the modeling algorithm by quantifying the direct deposition of particulate-bound 
contaminants to the surface water and also the contaminant fallout to watershed soils, a 
portion of which reaches the lake as constituents dissolved in runoff water and as material 
adsorbed to soils eroding into the surface water. The model also accounts for dissipation 
processes which remove contaminants from the lake’s water c:olumn: 

l decay of contaminants within the water column; 
l decay of contaminants within bed sediments; and 
. removal of contaminants through burial beneath the surficial bed sediment layer. 

It will assumed, for the purposes of this risk assessment, that gaseous diffusion of 
contaminants (into watershed soils and into the lake) and volatilization (from watershed 
soils and from the lake) are negligible. 
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Overall Chems Balance 

Using the USEPA modeling approach for combustor emissions, contaminant 
concentrations in the receiving water will be determined from the annual mass loading of 
contaminants (including fallout deposition, runoff and erosion), the total area of the 
watershed, the dilution volume of the water body and the annual advective flow through 
the water body. The contaminant concentrations in Lake Greenwood will thus be calculated 
using the following chemical mass balance equation (USEPA, lQQ3b): 

C WTOT = *. tLT) tcF) 
- 

OwW tvfX) (fWATER ) + (kwT) tv,) 

Where: 

C WTOT = total water body concentration, including water column and benthic sediment; 
LT = total chemical load into the lake from direct fallout and runoff/erosion (mg/yr); 
CF = conversion factor = IE-03 M3/L; 
Vfx = average volumetric flow rate through the lake (M3/yr); 
VT = total lake volume, including water column and benthic sediment (M3); 
hvr = total first order dissipation rate constant, including water column and benthic 

degradation and burial (yr ‘); 
f WATER = fraction of the total contaminant concentration that occurs in the water 

column (unitless). 

Total chemical loading to the water body, LT, is comprised of three inputs: 

LT 

mQ/Y r) 
= u-D& + u-,1 + WE) 

Where: 

LT = total chemical load into the lake from direct fallout and runoff/erosion; 
L DEP = direct deposition of particle bound contaminant to the lake (mg/yr); 
LR = watershed runoff load (mg/yr); 
L, = watershed soil erosion load (mg/yr). 

5-14 



CLEAN CT0 #0076 
FINAL 

EPA ID No. IN5 170 023 498 
NAVSURFWARCENDIV RA WP 
July 1995 

The load due to direct deposition to the lake is solved as: 

L DEP 

(w&r) 
= (WV WA,,,,) 

Where: 

L DEP = deposition of particle bound contaminant; 
DYd = annual deposition rate of contaminant, as output from the 

air dispersion model (mg/M’-yr); 
WA,,,, = water body area = surface area of Lake Greenwood (M2) to be estimated 

from a topographic map showing Lake Greenwood. 

The runoff and erosion loads require estimation of average contaminant concentrations in 
watershed soils that comprise the depositional area. The estimation methodologies are 
described below. 

Load Due to Surfa= Runoff 
The load due to surface runoff, as dissolved chemical concentrations derived from 
watershed soils during rain events, is given by: 

LR (W WA,) (=) W) W,,) 
(m9W = [ 0 + (KJ (W (CF,) i- 

Where: 

L, = watershed runoff load; 
R = average annual runoff (cm/yr), see discussion below; 
WA, = total watershed area receiving particulate deposition (M’), to be estimated 

from a topographic map showing the Lake Greenwood watershed with an 

cs = 
overlay of the isopleth dispersion pattern; 
average contaminant level in soil (mg/kg) over assumed 100 years of SWMU 
operation, derived using the alg.orithm presented previously in Section 5.4.2 
for the soil accumulation of analytes related to particulate deposition; 

BD = soil bulk density (assume 1500 kg/M3, from USEPA 1990); 
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CF, = conversion factor = 1 E-02 M/cm; 
0 = soil volumetric water content (ml-/cm”) = default value of 

0.22 mUcm3 (USEPA, 1990); 
16 = soil water partitioning coefficient (ml/kg) = chemic:al-specific value obtained 

from published scientific literature; 
CF, = conversion factor = 1 E-06 M3/cm3. 

The average annual runoff, R (cm/yr), from the watershed is defined as the net flow 
contribution to the surface water body, reflecting the interactions of direct runoff from 
precipitation events with shallow interflow and ground water recharge. For the purposes 
of this risk assessment, the runoff will be approximated from published information. For 
example, one source which may be consulted is “The Water Atlas of the United States” 
(Geraghty &&, 1973) which provides maps with isolines of annual average surface 
runoff. The range of values for R given in this atlas range from 12 to 102 cm/yr for various 
parts of the U.S. (USEPA, 1993b). 

Load Due to Soi1 Erosion 

During periodic erosion events, particulate chemical concentrations in the watershed soils 
are transported to the lake. This environmental fate process, and the soil erosion load (L& 
will be modeled by the following equation: 

LE (X,) WA,) (SW EW (=I (K,) WI 
(mg/yr) ‘= 1 (@I (W + (K,,) (W 1 

Where (for only those parameters not previously defined above): 

XE = annual soil loss rate per unit area of watershed (kgi/m2 -yr), see discussion 
below; 

SD = watershed sediment delivery ratio (unitless), see discussion below; 
ER = soil enrichment ratio (unitless), see discussion below; 
CF = conversion factor = 1 E+06 cm3/M3. 

The soil loss rate, XE , for the watershed will be computed using the Universal Soil Loss 
Equation (USLE) (Wischmeier and Smith, 1978; cited in USEPA, 1990): 
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XE 
(kg/M 2 - yr) 

= (R,) ($1 0-S) (Cl (P,) (CF,) (CF,) 

Where: 

R, = erosivity factor [(yr)-‘1, will consult compilation of values for various U.S. 
regions available in Wlschmeier and Smith (1978) or use default value of 400 
(yr)-’ (USEPA, 1990); ‘. 

K, = erodability factor (tons/acre), will use default value of 0.21 (tons/acre) (USEPA, 
1990); 

LS = topographic or slope length factor (unitless), an appropriate value will be 
selected based on the average slope grade and the width of the watershed 
(as determined from a topographic map) following the guidance in USEPA 
(1993b); 

C = cover management factor (unitless), a value of 0.1 will be used to represent 
dense vegetative cover such as grass across inactive (non-agricultural) 
watershed terrain (USEPA, 1993b); 

P, = supporting practice factor (unitless), default value of 1 .O will be used (USEPA, 
1993b); 

CF, = conversion factor = 907.18 kg/ton; 
CF, = conversion factor = 2.471 E-04 acre/M2. 

The sediment delivery ratio, SD (used as an input parameter to the equation shown 
previously above for estimating the load due to soil erosion), can be calculated based on 
the area of the watershed using the relationship proposed by Vanoni (1975; cited in 
USEPA, 1993b): 

SD 
(unitless) = (a) WAJB 

Where: 

WA,. = watershed area receiving fallout (M2); 
B= empirical slope coefficient = 0.125 (USEPA, 1993b); 
a = empirical intercept coefficient (see below). 
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Based on studies of sediment yields from watersheds (Vanoni, 1975; cited in USEPA, 
199313) the empirical slope coefficient - “a” - varies with the size of the watershed. USEPA 
(1993b) recommends the following values for “a”: 

Watershed 
Area 

are-mrles) 
“a” Coefficient . 

unr*ss) 

<= 0.1 2.1 
1 I .9 
10 .- 1 .4 

100 ‘1 .2 
1,000 0.6 

The soil enrichment ratio (ER), used in the equation shown previously above that estimates 
the load due to soil erosion, is generally assigned values in the range of 1 to 5 (USEPA, 
199313). Enrichment refers to the fact that erosion favors the lighter soil particles, which 
typically have higher surface area to volume ratios and are also higher in organic matter 
content. Therefore, concentrations of organic contaminants, which are a function of 
organic carbon content of sorbing media, would be expected to be higher in eroded soil as 
compared to in-situ soil. The enrichment ratio would also be expeded to be higher in 
sandy soils as compared to silty or loamy soils. For the purposes of this risk assessment, 
a value of 3 for ER is proposed. 

. . 
Surface Water Drlutron and Advective Flow 

The discussions above have documented the algrorithm which ,will be used to estimate the 
total chemical loading, L.,, to Lake Greenwood. b is an input parameter to the surface 
water model’s overall mass balance equation. As presented earlier, the contaminant 
concentrations in Lake Greenwood will be calculated using the following chemical mass 
balance equation (USEPA, 199313): 

C WTOT = tL,) W=) 

(mg’L) tvf)o tfWAT& + (kWT) (“T) 
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The derivations of the remaining input parameters (shown in the equation denominator) 
are presented in the discussion below. 

The first term in the denominator, (Vfx) (f wATER), accounts for contaminant dilution due to 
advective flow from the lake. It is the product of the average annual volumetric flow rate, 
Vfx, and the fraction (f w#& of the chemical mass load to the llake that is actually present 
in the water column. (This term, f wATER , is discussed further below.) The annual flow 
volume rate will be estimated by multiplying the total area of the watershed, WA, 
(presented previously under “Lo& Due to Surface Runoft”), by the average annual 
runoff, R (also presented previously). 

The second term, (k,& (V--) in the denominator of the model’s overall mass balance 
equation, accounts for contaminant dissipation within the lake. It is the product of the lake 
volume, V,, and the total first order total dissipation rate constant, kwr. V, will be derived 
by multiplying the average lake depth times WA,,,,, the surface area of Lake Greenwood 
(M2; to be estimated from a topographic map showing Lake Greenwood). Data on lake 
depths will be attempted to be obtained from the State of Indiana. 

The total dissipation rate constant, kw, includes fate and transformation processes 
affecting all of the chemical phases -- dissolved and sorbed chemical in the water column 
and in the benthic sediments. Water column and benthic degradation, and sediment burial 
will be considered: 

k 

(YF) 
= tfW,C,T& tk,,) + tfBEt,JTH) (kGB) ‘- tfBENTH) (k,) 

Where: 

k GW = water column degradation rate constant [(yr)‘]; ,when available, chemical- 
specific values will be obtained from the scientific literature or published water 
quality models; when not available, this rate constant will conservatively be 
equated to zero; 

k GB = benthic degradation rate constant [(yr)‘]; when available, chemical-specific 
values will be obtained from the scientific literature or published water quality 
models; when not available, this rate constant will conservatively be equated 
to zero; 
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k, = benthic burial rate constant [(yr)‘], see discussion below; 

f WATER = fraction of total lake contaminant concentration that occurs in the water 
column (unitless), see discussion below; 

f - fraction of total lake contaminant concentration that occurs in the benthic BENTH - 

sediment (unitless), see discussion below. 

The benthic burial rate constant, kB , will be estimated using Eiquation Nos. 9-4, 9-5, and 
9-33 in the USEPA updated guidance manual for the evaluation of indirect exposure to 
combustor emissions (USEPA, 1993b). The remaining terms, f,,%,ATER and f BENT” , will be 
determined using the appropriate chemical state equations presented on pages 9-5 and 
9-6 of this guidance document (USEPA, 1993b). These latter terms are! calculatd, in part, 
by the use of adsorption partition coefficients which dles’cribe quantitatively the partitioning 
of contaminants between sorbing material (such as suspended solids and bed sediments) 
and lake water in a sorbing material/water mixture, as described on pages 9-43 through 
9-45 of the guidance document (USEPA, 1993b). 

5.5 EXPOSURE POINT CONCENTRATIONS FOR ANTICIPATED RECEPTORS 

The human receptors anticipated for inclusion in the risk assessment are assumed to be 
exposed to site chemicals from several sources and a number of exposure routes. The 
derivation of the exposure point concentrations of the chemicals of potential concern in 
relevant environmental media is summarized below. In general,, the 95% upper confidence 
limit of the arithmetic mean of sample concentrations within each data set or the highest 
detected concentration in the data set, whichever is lower, is proposed as the media- and 
chemical-specific exposure concentration. 

5.5.1 Base Personnel Under Scenario A 

For the adult receptor, the exposure point concentrations for contaminants in air and those 
in soil will be determined as time-weighted average levels since this receptor’s activities 
are presumed to be proportioned among time spent at home near Lake Greenwood and 
infrequent visits to each SWMU. The following equation will be used to calculate the time- 
weighted exposure point concentrations for the air and soil pathways: 

EC =e WC,) (T,) 
i=l (TT) 
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Where: 

EC = exposure point concentration (media- and chemical-specific); 
CC, = contaminant concentration for area “i”, where “n”= total number of 

SWMUs (or areas) contacted by the receptor; 
Ti = time spent by receptor at SWMU (or area) ‘I”; 
lT = total time (hours/day or days/year). 

For the toddler, the exposure point concentrations for contaminants in air will be the air 
dispersion modeling output for the area of the base housing near Lake Greenwood since 
the toddler is assumed to spend all of his/her time at home. Similarily, toddler contact with 
soil will be based on the average soil chemical levels derived using the algorithm presented 
previously in Section 5.4.2 for the soil accumulation of analytes related to dispsrsion and 
deposition (near Lake Greenwood) of contaminants present in the air emissions of the 
open burning/open detonation activities. 

Adults and toddlers will also be exposed to potential contaminants while swimming in Lake 
Greenwood and by using this lake as their primary residential water source. The exposure 
point concentrations for this surface water body will be based on the output of the algorithm 
presented in Section 5.4.5 for the determination of surface water accumulation of analytes 
related to the air dispersion and depositon of particulate-bound contaminants. 

5.5.2 SWMU Workers Under Scenario A 

For the workers at each SWMU, the exposure point concentrations for contaminants in air 
will be determined as time-weighted average levels since thiis receptor’s activities are 
presumed to be proportioned among time spent at various areas within the SWMU. The 
equation presented previously above (under Section 5.5.1) will be used to calculate the 
time-weighted exposure point concentrations for the air pathway. 

The exposure point concentrations for contaminants in soil will be determined as area- 
weighted average levels since the worker’s activities are presumed to be proportioned 
among various areas at each SHU. The following equation will be used to calculate the 
area-weighted exposure point concentrations for the soil pathway: 

EC =t (CCJ (Ai) 
i=l CW 
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Where: 

EC = exposure point concentration (chemical-specific); 
CC, = contaminant concentration for area “i”, where “n”= total number of 

areas contacted within the SWMU; 
Ai = size (surface area) of area “i”; 
TA = total surface area of SWMU. 

The exception to this approach for soil is at DR where two separate workers, an army 
worker and a navy worker, will be exposed’to soil impacted by army and navy activities, 
respectively. 

The exposure point concentrations for groundwater at ABG will be based on monitoring 
well data aggregated for the aquifer which supplies the current on-SWMU water supply 
well, and these data will be averaged only for those monitoring wells located within a 
reasonable, theoretical capture zone for the water supply well. Since water supply wells 
currently do not exist at the other SWMUs, groundwater is an incomplete exposure 
pathway at ORR and DR with respect to the current on-SWMIJ workers. 

The exposure point concentrations for venison and turkey will be based on actual tissue 
levels (if available) or th’e output of the modeling algorithm preslented previously in 
Section 5.4.4.1. The modeling inputs for this food pathway will include the (SWMU- 
specific) contaminant concentrations in soil based on averaging the soil analytical database 
available for samples collected across the entire SWMU. The modeling inputs for this food 
pathway will also include wildlife inhalation of contaminants in air, and these contaminant 
concentrations will be the air dispersion modeling output (isopleths) plotted over the entire 
area of each SWMU. 

5.5.3 Off-Facility Residents Under Scenario A 

For adults and toddlers, the exposure point concentrations for contaminants in air will be 
the air dispersion modeling output for the area of the Padanaram community. Similarily, 
receptor contact with soil will be based on the average soil chemical levels derived using 
the algorithm presented previously in Section 5.4.2 for the soiil accumulation of analytes 
related to the dispersion and deposition of contaminants present in the air emissions of the 
open burning/open detonation activities. 

Adults and toddlers will also be exposed to potential contaminants in ground water while 
ingesting drinking water (and through dermal contact while s’howering). The exposure 

5-22 



CLEAN CT0 #0076 
FINAL 

EPA ID No. IN5 170 023 498 
NAVSURFWARCENDIV RA WP 
July 1995 

point concentrations for ground water will be based on monitoring well data averaged from 
the two wells placed at the furthest location downgradient from ABG and the Jeep Trail 
area, but on NAVSURFWARCENDIV property: the Beech Creek well 03BlO and the 
Alluvium well 03802. The ground water exposure point concentrations of VOCs present 
will also be input into the shower model (Section 54.1) in order to estimate the air levels 
of VOCs inhaled while showering. 

The off-facility residents are also assumed to be exposed to off-facility springs through 
ingestion of drinking water collected at these springs. This pathway will be evaluated as 
a sole source of drinking water (i.e., exposure to springs will neither be proportioned nor 
combined with exposure to ground water):‘ The exposure point concentrations for the 
springs will be based on the analytical sampling data averaged from the two springs 
located along Little Sulphur Creek just south of NAVSURFWARCENDIV property: Spring 8 
and Spring 10. 

The exposure point concentrations of chemicals with the potential to bioaccumulate in food 
pathways will be the output of the algorithms presented previoiusly in Section 54.4. For 
venison and turkey, the exposure point concentrations will be based on actual tissue levels 
(if available) or the output of the modeling algorithm presented in Section 5.4.4.1. The 
modeling inputs for the food pathways will include the average chemical levels in soil 
derived using the algorithm presented previously in Section 5.4.2 (for the soil accumulation 
of analytes related to dispersion and deposition of contaminants present in the air 
emissions of the open burning/open detonation activities). 

5.5.4 Park Visitors and Park Employees Under Scenario E3 

For these receptors at each SWMU, the exposure point concentrations for contaminants 
in soil will be determined by averaging the soil analytical database available for the entire 
SWMU. 

The exposure point concentrations for groundwater at each SWMU will be based on 
monitoring well data aggregated separately for each aquifer, and these data will be 
averaged for those monitoring wells located within a reasonable, theoretical capture zone 
for a hypothetical future water supply well designed for a park. If the capture zone appears 
to be small in size relative to the total area of the SWMU and/or the current monitoring well 
field, then several theoretical capture zones (and well groupings) per aquifer will be used 
to calculate separate exposure point concentrations for various locations across the 
SWMU. In this case, the receptor doses related to the different well groupings will not be 
summed but will be carried through the risk characterization as distinct ground water 
exposure scenarios. If the capture zone appears to be large in size relative to the total 
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area of the SWMU and/or the current monitoring well field, then a single well grouping per 
aquifer, representing the average of the well data for the entire SWMU, will be used to 
calculate ground water exposure point concentrations. 

The exposure point concentrations for creek surface water and sediment will be based on 
the creek-specific analytical sampling data. Surface water data will be grouped separately 
from sediment data. In addition, the media-specific data collected from ‘Boggs Creek, from 
Turkey Creek and from Little Sulphur Creek will be grouped separately in order to 
calculate exposure point concentrations. 

The park visitors and park employees associated with ABG are also assumed to be 
exposed to on-facility (off-SWMU) springs through incidental ingestion and dermal contact. 
The exposure point concentrations for these springs will be based on the analytical 
sampling data averaged from the three springs located along Little Sulphur Creek south 
of the Jeep Trail area: Springs A, B, and C. 

The exposure point concentrations for venison and turkey will be based on actual tissue 
levels (if available) or on the output of the modeling algorithm presented previously in 
Section 5.4.4.1. The modeling inputs for this food pathway will include the (SWMU- 
specific) contaminant concentrations in soil based on averaging t,he soil analytical database 
available for samples collected across the entire SWMU. 

5.5.5 On-SWMU Residents Under Scenario C 

For future residents at each SWMU, the exposure point concentrations for contaminants 
in soil will be determined by averaging the soil analytical database available for the entire 
SWMU. In addition, the Jeep Trail area will be evaluated separately from ABG. 

The exposure point concentrations for groundwater at each SWMU will be based on 
monitoring well data aggregated separately for each aquifer, and these data will be 
averaged for those monitoring wells located within a reasonable, theoretical capture zone 
for a hypothetical future water supply well designed for use by a single residence. If the 
capture zone appears to be small in size relative to the total area of the SWMU and/or the 
current monitoring well field, then several theoretical capture zones (and well groupings) 
per aquifer will be used to calculate separate exposure point concentrations for various 
locations across the SWMU. In this case, the receptor doses related to the different well 
groupings will not be summed but will be carried through the risk characterization as 
distinct ground water exposure scenarios. If the capture zone appears to be large in size 
relative to the total area of the SWh!lU and/or the current monitoring well field, then a single 
well grouping per aquifer, representing the average of the well data for the entire SWMU, 
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will be used to calculate ground water exposure point concentrations. As with soil, ground 
water at the Jeep Trail area will be evaluated separately from ground water at ABG. 

The exposure point concentrations for creek surface water and sediment will be based on 
the creek-specific analytical sampling data. Surface water data will be grouped separately 
from sediment data. In addition, the medi’a-specific data collected from Boggs Creek, from 
Turkey Creek and from Little Sulphur Creek will be grouped separately in order to 
calculate exposure point concentrations. 

The future residents associated with ABG are also assumed to be exposed to on-facility 
(off-SWMU) springs through incidental ingestion and dermal contact. The exposure point 
concentrations for these springs will be based on the analytical sampling data averaged 
from the three springs located along Little Sulphur Creek south of the Jeep Trail area: 
Springs A, B, and C. 

The exposure point concentrations of chemicals with the potential to bioaccumulate in food 
pathways will be the output of the algorithms prese’nted previoiusly in Section 5.4.4. For 
venison and turkey, the exposure point concentrations will be based on actual tissue levels 
(if available) or on the output of the modeling algorithm presented in Section 5.4.4.1. The 
modeling inputs for the food pathways will include the (SWMU-specific) contaminant 
concentrations in soil based on averaging the soil analytical database available for samples 
collected across the entire SWMU. 

5.6 HUMAN EXPOSURE DOSE ALGORITHMS 

Once the exposure point concentrations of the chemicals of concern are calculated, these 
levels are translated into reasonably maximum exposure doses for the human receptor(s). 
This translation of environmental contamination levels into human doses of the chemicals 
of concern is made by using standard exposure assessment equations (USEPA, 1989a). 

, = Cx CRx EFx ED 

BWxAT 

where I = intake, the amount of chemical at the exchange boundary (mg/kg body 
weight/day); C = chemical concentration, the average concentration contacted over the 
exposure period (e.g., mg/liter water); and CR = contact rate, the amount of contaminated 
medium contacted per unit time or event (e.g., liters/day); EF = exposure frequency 
(describes how often exposure occurs (days/year)); ED = exposure duration (describes 

5-25 



CLEAN CT0 #0076 
FINAL 

EPA ID No. IN5 170 023 498 
NAVSURFWARCENDIV RA WP 
July 1995 

how long exposure occurs (years)); BW = body weight (the average body weight of the 
receptor over the exposure period (kg)); and AT = averaging time (period over which 
exposure is averaged (days)). 

Thus, the dose of a chemical that is received by an individual is dependent upon: 

. The concentration of the chemical at the point of exposure. 

. How often the individual comes into contact with the contaminated medium. 

. How long the exposure occurs. 

. The extent of contact that the individual has with the medium. 

. The body weight of the receptor. 

Because it is impossible to quantify each of these variables in the exposure assessment 
equation for every individual in a nearby population, various standard or default 
values/assumptions are commonly used in risk assessments. These assumptions 
underscore the reasonably maximally-exposed individual (MEI) approach. 

Specific details of the exposure equations that Halliburton NUS Team recommends for use 
in this site-specific risk assessment, as well as the recommended value of each input 
parameter, are provided in the remainder of this section. 

5.6.1 

Emissions from the burning and detonation activities at ABG, ORR, and DR (Scenario A 
only) are expected to distribute throughout the air within the vicinity of each SWMU. 
Dispersion of volatile and particulate-bound chemicals is also anticipated to occur in the 
area of Lake Greenwood and beyond the boundaries of the facility (where off-facility 
residents reside). Thus, inhalation of contaminated air is a relevant exposure pathway in 
Current Use Scenario A for SWMU workers, base personnel/families, and off-facility, 
nearby residents. The equation recommended for calculating human exposure doses of 
chemicals of concern due to inhalation of volatile and particulate-bound chemicals is 
provided in Table 5-5, along with the values of the exposure variables recommended for 
use in this assessment for each receptor. The values proposed for use in this assessment 
to represent the parameters in this equation are explained in further detail below. 

Contaminant Concentration in Air (CA) 

These values will be the projected maximum ambient air levels of each chemical of 
potential concern at the specific receptor locations chosen in the risk assessment. These 
values are the outputs of the air dispersion CT0 issued by NAVSURFWARCENDIV. For 

5-26 



X 

k X 

I;;; 

x 
x 

. . 
e! 
al 

f 





CLEAN CT0 #0076 
FINAL 

EPA ID No. IN5 170 023 498 
NAVSURFWARCENDIV RA WP 
July 1995 

those instances in which a receptor enters more than one SWMU (or more than one area 
of contamination within a SWMU), the exposure point concentration will be modified to 
account for exposure at multiple locations. (See Section 5.5 for the explanation of how 
these exposure point concentrations will be derived.) 

Jnhalation Rate !InRI 

The average inhalation rate of a receptor is dependent upon the age (or size), the sex, and 
the activity level of the individual. The value recommended for the inhalation rate of all 
adult receptors (~18 years) in this assessment is 0.83 m3/hour (standard default factor 
presented in . “Standard 
bposure Fa&&’ (USEPA, 1991). a value of 0.667 For the toddler (ages 1 through 6), 
m3/hour is recommended (USEPA, 1985). 

. . 
Deposltlon Fraction @FL 

A volatile chemical will be assumed to be 100 percent available for absorption in the deep 
lung (e.g., DF = 1 .O). Deposition of particulate matter in the respiratory system is a function 
of both the size of the particulate (aerodynamic diameter) in which the airborne chemical 
exists and the breathing rate of the individual (nose vs. mouth). According to Niinimaa et 
al (1981) mouth breathing in an adult begins to occur frequently when the ventilation rate 
exceeds 2.4 m3/hr. As the assumed ventilation rates for the receptors of this assessment 
are below this level, only nose breathing applies. 

The recommended value for the deposition fraction of particulates to the deep lung with 
nose breathing is 0.3 (Giacommeli-Maltoni et al., 1972). This value assumes uniform 
particle size distribution of particles less than or equal to 10 urn in size (i.e., the respirable 
fraction). 

posure Time (ET) 

The exposure time is the period of each day that the person is assumed to be present in 
the impact zone of the facility. For the SWMU workers, it is recommended that this term 
be 8 hours/day. For base personnel and their families (assumed to live on-facility), a 
conservative estimate of 24 hours/day is recommended. For nearby residents, 
24 hours/day is also recommended. The adult base employee will be assumed to spend 
8 hours at the SWMUs on days when contact occurs. 
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posure Frequency (Eu 

The exposure frequency is the number of days per year that an individual comes into 
contact with the contaminated medium. According to NAVSURFWARCENDIV (1995) the 
following exposure frequencies are applicable for SWMJ workers: ABG-250 d/yr; 
ORR-125 d/yr; DR-1’00 d/yr (army worker); 15 d/yr (navy worker). A total value of 
350 days/year is recommended for base personnel/families and for nearby residents. Both 
of these values allow for 2, weeks of vacation. For the adult base personnel, 20 of the 350 
exposure days will be assumed to occur at the SWhMJs, and the remaining 330 days will 
occur at the base housing area. ._ 

osure Duration @Q) 

The exposure duration is the number of years that an individual comes into contact with 
the contaminated medium. For adult SWMU workers, a period of 20 years is 
recommended. For base personnel and their families, a period of 4 years is 
recommended. For nearby neighbors, an exposure duration of 70 years (6 years as a 
toddler and 64 years as an adult) will be assumed. 

The body weight term in the equation refers to the average weight of the receptor during 
the period of time that his/her exposure to site contaminants occurs. For the purposes of 
this assessment, we recommend the values suggested by the USEPA (1991): 70 kg for 
adults and 15 kg for toddlers. 

Averaging Time (AT) 

The averaging time is the time interval (in days) over which the health criterion is 
applicable. For cancer effects, this term is 25,550 days (76 years x 365 days/year) 
(USEPA, 1989). For non-cancer effects, this term is the number of years a receptor is 
exposed (exposure duration) multiplied by 365 days/year (USEPA, 1989). For SWMU 
workers, the non-cancer averagin’g time is 7300 days (20 years x 365 days). For base 
personnel and their families, the non-cancer averaging time is 1,460 days (4 years x 
365 days). For nearby adult residents, this value is 23,360 days (64 years x 365 days). 
For nearby toddlers, this value is 2,190 days (6 years x 365 days/year). 
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5.6.2 

A fraction of the airborne particulates that are inhaled will also deposit in the upper airways, 
where through coughing they will reach the throat and then be swallowed. The equation 
to be used to calculate the human exposure dose due to ingestion of particulates 
secondary to inhalation is presented in Tab’le 5-6, along with the recommended values for 
the exposure parameters. This pathway is relevant for SWMU workers, for base personnel 
and their families, and for off-facility residents (Scenario A only). Details of the derivation 
of these values are provided below. Only those parameters unique to this pathway and/or 
not described previously are discussed. 

on Fraction (DF) 

Assuming uniform distribution of particle size (less than or equal to 10 pm), the value 
suggested for fractional deposition of particles to the upper airways with nose breathing 
is 0.15 (Giacommeli-Maltoni et al., 1972). 

5.6.3 

Pica behavior (toddlers) and work-related and gardening activities (adults) may expose 
human receptors to contaminated soil via incidental ingestion of this medium. The 
equation to be used to calculate the human exposure dose due to ingestion of 
contaminated soil is presented in Table 5-7, along with the recommended values for the 
exposure parameters. This pathway is relevant for all receptors (adults and toddlers) in 
all three exposure scenarios. Details of the derivation of these values are provided below. 
Only those parameters unique to this pathway and/or not described previously are 
discussed. 

. . 
Contaminant Cancentratron rn Soil (CS) 

The concentrations of chemicals of concern in soil relevant for this exposure pathway were 
described in Sections 4.2.3.1,4.3.3.1, and 4.4.3.1. For those instances in which a single 
receptor has contact with soil at more than one SWMU (or more than one area of 
contamination within a SWMU), the exposure point concentration will be modified to 
account for exposure at multiple locations. (See Section 5.5 for an explanation of how 
these exposure point concentrations will be derived.) 
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&on Rate (IoR) 

An adult worker (SWMU workers and park/natural area employees) will conservatively be 
assumed to consume 100 mg of soil per day. This is twice what is recommended for a 
receptor in a commercial/industrial setting (USEPA, 1991) due to the nature of the work 
done at the SWMlJs and parks/natural areas. Soil consumption rates of 100 mglday and 
200 mg/day are recommended for other adult receptors and children, respectively (USEPA, 
1991). 

posure Frequency (F,F) 

Off-facility residents are conservatively assumed to have contact with contaminated off- 
facility soil 144 days a year (9 months a year, 4 days a week). This same value is 
recommended for base personnel and families and for future on-SWMU residents. Adult 
base personnel will be assumed to contact on-SWMU soil 20 days out of the total 144, and 
the remaining 124 will occur in the base housing area. SWMU workers will be assumed 
to come into contact with contaminated on-SWMJ soil every working day (SWMU-specific 
exposure frequencies; see Section 56.1). Park visitors will conservatively be assumed to 
visit the park 3 days/week for 9 months a year, or 108 days/year. Park/natural area 
employees will be assumed to come into contact with contaminated on-M/MU soil every 
working day (250 days/year). 

posure Duration (ED) 

Off-facility residents are conservatively assumed to be exposed to contaminated off-facility 
soil for 64 years (adults) and 6 years (toddlers). Park visitors will conservatively be 
assumed to visit the park for 20 years. Future on-SWMU residents are assumed to live in 
the area for 70 years (64 as an adult and 6 as a toddler). 

5.6.4 

The chemicals in contaminated soil also may be absorbed into the body of the human 
receptors through dermal contact with this medium. The equation to calculate human 
exposure dose due to dermal contact with contaminated soil is adapted from USEPA 
(1989a) and is provided in Table 5-8, with the recommended values for the exposure 
parameters. This pathway is relevant for all receptors (adults and toddlers). Details of the 
derivation of these values are provided below. Only those parameters unique to this 
pathway and/or not described previously are discussed: 
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Skin Surface Area Available for Contact (SA) 

The value used in the equation for the surface area of the adult worker’s (SWMU worker 
and park/natural area employee) skin available for contact with soil is 2,490 cm2/event, 
which corresponds to the maximum surface area of the hands and forearms measured in 
men (USEPA, 1989b). The value recommended for other adult receptors (base personnel, 
off-facility residents, and park visitors) is 3,510 cm2/event (total surface area of arms and 
hands (USEPA, 1985). For toddlers, a value of 3,580 cm2/event (total surface area of 
arms, hands, legs, and feet; USEPA 1985) is suggested. 

Soil-to-skin Adherence Factor (AF) ._ 

The soil-to-skin adherence factor selected for the risk assessment is 0.2 mg’cm2 (USEPA, 
1992b). 

Absomon Factor (AM) 

The absorption factor accounts for desorption of a chemical from the soil matrix and 
absorption of a chemical across the skin. For this risk assessment, organic chemicals will 
be assigned an absorption factor of 0.01 and inorganics will be assigned an absorption 
factor of 0.001 (USEPA, 1992b). 

5.6.5 

Consumption of contaminated home-grown fruits and vegetables may be a source of 
chemical exposure for the off-facility resident receptors and future on-SWMU residents. 
The equation proposed to calculate human exposure dose due to ingestion of 
contaminated fruits and vegetables is provided in Table 5-9, with the recommended values 
for the exposure parameters. Details of the derivation of these values are provided below. 
Only those parameters unique to this pathway and/or not described previously are 
discussed. 

II 11 Consumption Rate for Fruit/Veq&ble I (CONVJ 

The consumptions rates for adults and toddlers that the Halliburton NUS Team 
recommends for use in the risk assessment are provided in Table 5-9. These are upper 
95th percentile values as determined by Pao et al. (1982). 
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Fraction of Frui~ea&Ules that is Homegrown !FRI 

A reasonable worst-case value for this parameter is 0.40 (USEPA, 1989a). 

oosure Freauencv (EF) 

The vegetable consumption rates provided in Table 5-9 have been averaged over an entire 
year. Therefore, the exposure frequency for fruit/vegetable ingestion for local residents is 
350 days/year. 

5.6.6 

5.6.6.1 Ingestion of Contaminated Beef/Venison/Turkey 

Ingestion of contaminated beef/venison/turkey may be a significant pathway of chemical 
exposure for human receptors in a rural area. Preliminary investigation indicates this may 
be a relevant pathway for the off-facility residents and SWMU workers (Scenario A), for 
park/natural area visitors/employees (Scenario B), and for future on-SWMU residents 
(Scenario C), in this risk assessment. The equation proposed to calculate human 
exposure dose due to ingestion of contaminated beef/venison is provided in Table 5-10, 
with the recommended values for the exposure parameters. Details of the derivation of 
these values are provided below. Only those parameters unique to this pathway and/or 
not described previously are discussed: 

Contaminant Concentration in ReefNenisoniTurkey CCB) 

The derivation of the concentrations of the chemicals of concern in beef/venison/turkey to 
be used in the risk assessment were described in Section 5.4.4.1. 

Consumption Rate for Beef/Venison/Turkey (CONS) 

The consumptions rates for beef for adults and toddlers that Halliburton NUS Team 
recommends for use in the risk assessment are provided in Table 5-10. These are upper 
95th percentile values as determined by Pao et al. (1982). The consumption rates for 
venison and turkey for an adult hunter and his/her family will be estimated from site hunting 
data provided by NAVSURFWARCENDIV. 
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Fraction of Beef that is Locally Raised (FR), 

A default value of 1.00 is recommended for the local residents ingesting beef in this 
assessment. A value of 1.00 is also recommended for local hunters because the 
calculated consumption rates for venison and turkey will have already taken into 
consideration this factor. 

posure Freauencv f,EE) 

The beef consumption rates provided in Table 5-10 have been averaged over an entire 
year as will be the venison and turkey consumption rates. Therefore, the exposure 
frequency for beef/venison/turkey ingestion for local residents is 350 days/year. 

5.6.6.2 Ingestion of Contaminated Milk 

This pathway may also be a significant source of exposure to local residents (Scenario A) 
and future on-SWMU residents (Scenario C). The equation to calculate human exposure 
dose due to ingestion of contaminated milk is provided in Table 5-l 1, with the 
recommended values for the exposure parameters. Details of the derivation of these 
values are provided below. Only those parameters unique to this pathway and/or not 
described previously are discussed: 

Contaminant Concentrtiion in Milk (CM) 

The derivation of the concentrations of the chemicals of concern in milk to be used in the 
risk assessment were described in Section 5.4.4.2. 

Consution Rate for Milk (CONM). 

The consumptions rates for milk for adults and toddlers that the Halliburton NUS Team 
recommends for use in the risk assessment are provided in Table 5-l 1. These are upper 
95th percentile values as determined by Pao et al. (1982). 

Fraction of Milk that is Locally Produced (FRI 

A default value of 1 .OO is recommended for the local residents in this assessment. 
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oosure Freauw 

The milk consumption rates provided in Table 5-l 1 have been averaged over an entire 
year. Therefore, the exposure frequency for milk ingestion for local residents is 
350 days/year. 

5.6.7 

Contaminated drinking water may be a source of chemical exposure for the human 
receptors in some locations. The equation to calculate human exposure dose due to 
ingestion of contaminated drinking water is provided in Table 5-12, with the recommended 
values for the exposure parameters. This pathway is relevant for on-SWMU workers who 
are reported to drink water from the on-SWMU production well at ABG, base personnel and 
their families, and off-facility residents (Scenario A), park visitors/employees (Future Use 
Scenario B), and on-SWMU residents (Future Use Scenario C). Details of the derivation 
of these values are provided below. Only those parameters unique to this pathway and/or 
not described previously are discussed. 

. . 
Contaminant Concentratron tn G roundwater (CGW) 

The concentrations of the chemicals of concern in groundwater to be used in the risk 
assessment were discussed in Sections 4.2.3.4, 4.3.3.3, and 4.4.3.3. 

bestion Rate (IaR) 

The amount of production well water consumed by SWMU and park/natural area workers 
per day will conservatively be assumed to be 1 L. Current on- and off-facility residents and 
future on-SWMU residents will be assumed to consume 1 L (toddlers) and 2 L (adults) of 
contaminated water per day (USEPA, 1989a). Park visitors will conservatively be assumed 
to drink 1 L (adults) and 0.5 L (toddlers) of water per visit. 

5.6.8 . . 
Psrmal Contmt with Contmlnated Ground water 

Dermal contact with chemicals in groundwater represents another potential exposure route 
any time receptors shower or bathe. This pathway may be relevant for base personnel and 
their families and nearby residents (Scenario A) and future on-SWMU residents 
(Scenario C). The equation to calculate human exposure dose due to dermal contact with 
contaminated groundwater is provided in Table 5-l 3, along with the recommended values. 
for the exposure parameters. Details of the derivation of these values are provided below. 
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Only those parameters unique to this pathway and/or not described previously are 
discussed. 

rn Surface Area Avmle for Contact (SA) 

The area of skin in contact with contam.inated water during showering/bathing is assumed 
to be the total body surface area of the individual. Based on a review of the published 
literature in this area, Halliburton NUS Team recommends the following 5lOth-percentile 
values (USEPA, 1 Q8Qb): adult -18,150 cm2; toddler - 7,200 cm2. 

Chem’ lrca -she I _ 
. . 

slfic Normwed Dermal Pernieabr l&v Constant (sr.W 

The estimation of exposure doses resulting from skin contact with groundwater requires 
the use of chemical-specific skin permeability constants. These are presented in cm/hr 
units. These skin penetration rates are not only a function of chemical property data but 
also of biological properties (e.g., skin thickness). Values for the permeability coefficients 
of many compounds are provided in Super-fund Exposure Assessment Manual (SEAM) 
(USEPA, 1988). Dermal permeability coefficients for organic compounds can also be 
estimated using the chemical’s &w value (Brown and Rossi, 11989). 

Since the doses calculated using these dermal permeability constant (PC) values represent 
&sorbed doses of each chemical through the skin, these PC factors need to be adjusted 
relative to the oral absorption of each chemical in order to normalize the dermal doses to 
the oral doses for risk characterization. This adjustment is made to be consistent with 
RAGS (USEPA, 1 Q8Qa). 

An appendix containing the derivation of the permeability constants for the chemicals 
evaluated in this exposure pathway and the adjusted PC values for these chemicals will 
be included in the risk assessment. 

posure Ttme (FT) 

The length of time of exposure in this pathway also depends upon the nature of the activity 
involved. Showering is typically modeled to occur for 0,20 hours per day (USEPA, lQ8Qa). 

posure Frequency (EF) 

The frequency of dermal contact with water is also a function of the activity involved. For 
showering, adult exposure is typically modeled to occur every day, while bathing children 
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is modeled anywhere from every other day to l-2 times per week. For this assessment, 
an exposure frequency of 180 days per year was selected for toddlers. 

5.6.9 

Inhalation of VOCs while showering is a potential route of exposure in any risk assessment 
that involves the presence of these contaminants in residential water systems. The 
equation to calculate human exposure dose due to inhalation of VOCs while showering is 
provided in Table 5-14, with the recommended values for the exposure parameters. This 
pathway may be relevant for off-facility residents (adults and toddlers; Scenario A) and 
future on-SWMU residents (Scenario C). Details of the derivation of these values are 
provided below. Only those parameters unique to this pathway and/or not described 
previously are discussed. 

. . . . 
Contaminant Concentr&on in the Air In the Shower Stall (CA) 

The calculation of the air concentrations of the volatile chemicals of concern were 
described in Section 5.4.1. 

56.10 

Water ingested while swimming in contaminated surface waters may be a source of 
chemical exposure for base personnel and their families (Scenario A), park/natural area 
visitors/employees (Future Use Scenario B), and future on-SWMU residents (Scenario C). 

The equation to calculate human exposure dose due to incidental ingestion of 
contaminated surface water is provided in Table 5-15, with the recommended values for 
the exposure parameters. Only those parameters unique to this pathway and/or not 
described previously are discussed. Since off-facility residents reportedly use the spring 
water for drinking water, oral exposure of these receptors to spring water will be estimated 
using the equation and exposure variables indicated in Table 5’12. 

Contaminant Level in Surface Water (CSW) 

The levels of contaminants to be used to quantify risk from exposuire to surface water were 
discussed in Section 5.4.5. 
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stron Rate (InR) 

The quantity of water consumed per hour while swimming is 0.05 L (USEPA, 1 Q8Qa). For 
the purposes of the risk assessment, this will also be conservatively assumed to be the 
quantity that the park/natural area employee incidentally ingests per hour while working. 

sure Time (ET) 

An exposure time of 1 hour per event is suggested for the park/natural area employee. For 
the on-SWMU residents and park visitors, an exposure time of 2.6 hours is suggested. 

posure Freauencv (EF) 

The average number of days each year that a person swims is seven (USEPA, lQ8Qa). 
This is the value that is suggested for use in the risk assessment for quantifying exposure 
for on-SWMU residents and park/natural area visitors. The park/natural area employee will 
be assumed to come into contact with surface water at least one day each working week 
(50 days). 

5.6.11 

Human receptors may absorb chemicals through the skin whn’le swimming or working in 
contaminated surface water. This pathway is relevant for base personnel/families (current 
use scenario) and all future use scenario receptors. The equation to calculate human 
exposure dose due to incidental ingestion of contaminated surface water is provided in 
Table 5-16, along with the recommended values for the exposure parameters. Only those 
parameters unique to this pathway and/or not described previously are discussed. Since 
off-facility residents reportedly bathe in the spring water, dermal exposure of these 
receptors to spring water will be estimated using the equation and exposure variables 
indicated in Table 5-13. 

In Surface Area AvarIable for Contact (SA) 

For base personnel/families, park visitors, and on-SWMU residents, it will conservatively 
be assumed that the whole body surface area is available for contact with surface water. 
The whole-body surface areas of adults and toddlers to be used in this assessment are 
adult - 18,150 cm2 and toddler -7,200 cm 2 (USEPA, 198913). The park/natural area 
employee will be assumed to expose his feet, lower legs, hands, and forearms to surface 
water. The value suggested as the skin surface area of the park employee available for 
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contact is 7,010 cm2 (the maximum surface area of the hands, forearms, legs, and feet 
measured in men (USEPA, 198913)). 

5.6.12 

Receptors may also be exposed to contaminated sediments while swimming or working 
in contaminated surface waters. The equation to calculate human exposure dose due to 
ingestion of contaminated sediments is provided in Table 5-17, along with the 
recommended values for the exposure parameters. This pathway is relevant for receptors 
in both future use exposure scenarios. Details of the derivation of ,these values are 
provided below. Only those parameters unique to this pathway and/or not described 
previously are discussed. 

. . 
Chemical Concentration In Sediment (CS) 

The concentrations of the chemicals of concern in sediment to be used in the risk 
assessment were discussed in Sections 4.2.3.2,4.3.3.2, and 4.4.3.2. 

For the purposes of the risk assessment, sediment ingestion rates will be conservatively 
assumed to be one-half of the soil ingestion rates: 50 mg/day for adults and 100 mg/day 
for toddlers. 

The equation to calculate human exposure dose due to dermal contact with contaminated 
sediments is provided in Table 5-18, along with the recommended values for the exposure 
parameters. This pathway is relevant for all receptors in both future use exposure 
scenarios. Only those parameters unique to this pathway and/or not described previously 
are discussed. 

Skin Surface Available for Contact (SAL 

The value suggested as the skin surface area of the park/natural area employee available 
for contact with sediment is 7,010 cm2 (the maximum surface area of the hands, forearms, 
legs, and feet measured in men (USEPA, lQ8Qb)). This same value is recommended for 
park/natural area visitors, and future on-SWMU residents. For toddlers, the value used for 
soil exposure (3,580 cm’) is recommended. 
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The value recommended for the adherence of sediment to skin is the same as that for soil - 
0.2 mg/cm2 (USEPA, 1992b). 

5.7 EVALUATION OF LEAD EXPOSURE 

There currently are no subchronic or chronic health criteria (reference doses) published by 
the USEPA with which to compare receptor exposure doses to lead in the environment. 
Thus, the exposure assessment approach described in Section 5.5 above cannot be 
utilized for lead. 

A recent OSWER directive (No. 9355.4-12) provides interim soil lead guidance for RCRA 
Corrective Action facilities. This guidance recommends a screening level for lead in soil 
for residential land use of 400 ppm. The Halliburton NUS Team recommends using the 
value of 400 ppm to screen RME lead soil concentrations for residential receptors (off- 
facility residents in Scenario A and future on-SWMU residents in Scenario C), since this 
lead concentration goall was calculated from the most recent version of USEPA’s 
residential lead UptakeIBiokinetic Model. 

For other receptors (SWMU workers and base personnel/families in Scenario A and park 
visitors/employees in Scenario B), it is proposed that oral and inhalation RFDs for lead be 
derived using regulatory standards (as described in Section 7.2.2). 

D:\CT07601\WPl\S5 
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6.0 TOXICITY ASSESSMENT 

6.1 INTRODUCTION 

The toxicity assessment is the step in the risk assessment process in which the 
relationship between the dose of a chemical received and the incidence of adverse health 
effects in an exposed population is characterized. This characterization utilizes current 
scientific (toxicological) knowledge on each chemical of potential concern to the project, 
as well as governmental policies, to (a) characterize the nature and strength of the 
evidence of causation of chemical-induced health effects, and (b) quantitatively estimate 
the incidence of health effects in an exposed population as a function of chemical dose. 
Toxicity assessments are therefore critical components in risk assessments because they 
allow the exposure dIoses that are calculated in the exposure assessment section of the 
study to be translated into potential health risks to the various receptor populations. 

The toxicity assessment will be composed of a qualitative description of the types of health 
effects associated with each chemical (abbreviated toxicity profile) and a quantitative 
description of the toxic potency of each chemical (health criteria). 

6.2 ABBREVIATED TOXICITY PROFILES 

An abbreviated toxicity profile will be prepared for each chemical of concern (i.e., the 
chemicals identified in the risk characterization section which are responsible for any 
calculated significant risks/hazards). These profiles will characterize the known acute and 
chronic toxic effects in humans for each of these chemicals for the inhalation, ingestion and 
dermal routes of exposure. Each profile will in particular discuss the studies that have 
been used in the development of the USEPA’s health criteria for that chemical. 

6.3 NON-CARCINOGENIC CHEMICALS OF CONCERN 

Non-carcinogenic health effects may occur upon exposure to a dose of a chemical above 
its threshold. The reference dose of a chemical (RfD) is the toxicity value proposed by the 
USEPA to represent this threshold for regulatory purposes and thus is used to evaluate the 
potential for non-carcinogenic effects in exposed human receptor populations (USEPA, 
1989a). RfDs are defined by the USEPA as estimates of daily exposure levels for the 
entire human population, including sensitive subpopulations, that are likely to be without 
appreciable deleterious effects. The unit of an RfD is mg chemical/kg body weight-day. 
Various types of RfDs are available depending on the exposure route (oral exposure to 
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water or food, or inhalation exposure to air), and the length of exposure being evaluated 
(chronic or subchronic). 

The USEPA chronic RfDs are proposed for use as health criteria for assessing the health 
risk due to long-term exposure of the adult receptors to the emission substances 
associated with SWMU activities. Subchronic RfDs are applicable to exposures which 
occur over a time period of less than seven years (USEPA, 1989a). Subchronic RfDs are 
therefore proposed for the characterization of the non-carcinogenic risk to the toddler 
receptors in this risk assessment. A discussion of how these criteria will be used to 
calculate non-carcinogenic risks to these receptors is presented in Section 7.0, Risk 
Characterization. . . 

Inhalation RfDs are proposed for use to estimate risk via the inhalation route of exposure. 
Oral RfDs are proposed for use to estimate risk for exposure pathways involving inlgestion 
of the chemicals of potential concern. For systemic toxicants, thle oral RfD will also be 
used for assessing risk from dermal exposure since there are no diennal values available 
in the technical literature or guidance. The primary source of the RfDs will be IRIS 
(USEPA, 1995). If an RfD is unavailable in Integrated Risk Information System (IRIS), 
Health Risk Assessment Summary Tables (HEAST) (USEPA, 1994a) will be us’ed. For 
some chemicals, only the carcinogenic risk can be evaluated, as no RfD has been 
developed. When chemical-specific/route-specific toxicity values are not available from 
these sources for some of the chemicals of potential concern, a toxicologist at USEPA 
Region V will be consulted to obtain and/or receive approval of provisional toxicity values. 

There are currently no USEPA health criteria for lead. As mentioned previously, the 
Halliburton NUS Team recommends comparing RME soil lead concentrations to the 
OSWER residential soil lead screening level of 400 ppm (USEPA., 1994b) to assess risk 
to off-facility residents (Scenario A) and future on-SWMU residents (Scenario C).. 

For assessing risk to other receptors (SWMU workers and base personnel/families in 
Scenario A and park visitors/employees in Scenario B), it is recommended that oral and 
inhalation RFDs for lead be derived using regulatory standards. An oral RFD for lead can 
be derived from the federal action level in drinking water of 15 ugl/L, using the following 
equation: 

Oral RfD CGW x IR 
m$P$7-4 = BW 
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where: 

CGW = concentration of contaminant in groundwater (0.015 mg/L) 
IR = ingestion rate (2 L/day for an adult) 
BW= 70 kg (for an adult) 

The calculated oral RfD for lead is 4.3E-04 mg/kg - d. 

An inhalation RfD for lead can be derived from the federajambient air quality standard for 
lead of 1.5 ug/M3 using the following equation: 

Inhalation RfD= IR x RfC 
m !ml -a BW 

where: 

IR = inhalation rate (20 M3/d for an adult) 
RfC = reference concentration (0.0015 mg/M3) 
BW= body weight (70 kg for an adult) 

The calculated inhalation RfD for lead is 4.3E-04 mg/kg - d. 

6.4 CARCINOGENIC CHEMICALS OF CONCERN 

To estimate the lifetime (by convention 70 years) probability of human receptors 
contracting cancer as a result of their exposure to known or suspected carcinogens in the 
project database, USEPA carcinogen slope factors (SFs) are proposed. Slope factors are 
derived under the regulatory policy that assumes that a threshold for carcinogenicity does 
not exist. Laboratory studies cannot conduct, nor can epidemiological studies evaluate, 
dose-response experiments at low dose levels. Therefore, neither the non-threshold 
assumption nor the shape of the dose-response relationship at the desired regulatory risk 
levels can be experimentally determined at the present time. Consequently, the USEPA 
has promoted the use of mathematical models to extrapolate high-dose experimental data 
to low-dose outcomes. 

The mathematical extrapolation model utilized today by the USEPA to calculate the ‘slope’ 
of the dose-response data in a cancer bioassay is the linearized multistage model (USEPA, 
1989a). The 95 percent upper confidence limit of the slope of the line from this model is 
termed the carcinogen slope factor for the chemical. This carcinogen slope factor is 
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expressed as the lifetime cancer risk per mg chemical/kg body weight-day (USEPA, 1986). 
It should be clear, however, that the medical certainty of this or any other extrapolation 
model in use is unknown at the present time. However, the multistage model is viewed as 
conservative by design and consistent with the most current theory of the genotoxic 
mechanism of carcinogenicity. 

In this baseline risk assessment, the cancer risk to the human receptors from exposure to 
the carcinogenic chemicals of potential concern at each SWMU will be calculated using 
these USEPA slope factors. IRIS (USEPA, 1995) will be the primary sowme for each slope 
factor. HEAST (USEPA, 1994a) will be used when no slope factor is available through 
IRIS. When chemical-specific/route-specific toxicity values are not available from these 
sources for some of the chemicals of potential concern, a toxicologist at USEPA Region V 
will be consulted to obtain and/or receive approval of provisional toxicity values. 

Only those exposure pathways involving the routes of exposure for which the chemical is 
known or suspected to be carcinogenic will be evaluated. Inhalation slope factors will be 
used for the inhalation route of exposure, and oral slope factors will be used for ingestion 
exposure pathways and dermal exposure pathways, when appropriate. Section 7.0, Risk 
Characterization, provides details on how the USEPA slope factors will be used to assess 
risk. 
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7.0 RISK CHARACTERIZATION 

7.1 INTRODUCTION 

The last step in the risk assessment process is risk characterization. It is in this step that 
the potential incidence of the human health risks associated with the project are 
determined. It is performed by integrating the exposure assessment anId toxicity 
assessment databases. To characterize potential non-carcinogenic risks, comparisons will 
be made between project-specific exposure doses and toxicity criteria (subchronic and 
chronic RfDs). To characterize potential‘ carcinogenic effects, probabilities that an 
individual might develop cancer due to a lifetime of exposure to site chemicals will be 
estimated by multiplying the project-specific exposure doses by toxicity criteria (SFs). Each 
of these numerical expressions of risk will then be accompanied by explanatory text 
interpreting the results. 

7.2 SUBCHRONIC/CHRONIC HEALTH RISKS 
I” 

7.2.1 

By convention, the average daily exposure doses to human receptors over the specific 
time-frame of exposure are used for calculation of non-cancer health hazards (USEPA, 
1989a). In this assessment, the following time frames will be assumed for each receptor: 

ReceDtor Time Frame of Exposure 

SWMU Workers 20 years 

Base Personnel/Families 
Adults 
Toddlers 

4 years 
4 years 

Off-SWMU Residents 
Adults 
Toddlers 

64 years 
6 years 

Park Visitors 
Adults 
Toddlers 

20 years 
6 years 
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Park Employees 20 years 

On-Facility Residents 
Adults 
Toddlers 

64 years 
6 years 

The non-cancer daily exposure doses calculated in the exposure assessment will be used 
to calculate hazard quo!ients (HQ) for each of the chemicals of potential concern 
possessing RfDs. Subchronic RfDs are appropriately used for exposures of less than 
7 years; chronic RfDs are used for exposures longer than 7 years. 

The hazard quotient approach assumes that there is a tevel of exposure to a chemical 
(e.g., RfD) below which it is unlikely for even sensitive individuals in a population to 
experience adverse health effects. Therefore, if the hazard quotient for a given substance 
is less than 1.00, the calculated site-specific exposure dose is less than the chemical’s 
threshold dose, and it will therefore be concluded that, based on our current toxicological 
knowledge for the chemical, it is improbable that the chemical levels at each SWMU will 
induce non-carcinogenic health effects in the receptor population(s). A ratio equal to or 
greater than 1.00 will indicate the potem for adverse health effects in the modeled 
population, but not necessarily that they would occur. 

When multiple non-carcinogenic chemical substances are evaluated for a population, a 
summation of all of the appropriate chemical-specific hazard quotients will be made 
(USEPA, 1986b). The same interpretation of this hazard index (HI), as described above 
for the hazard quotients, will then be used. If the hazard index for any receptor population 
is greater than I .OO, the chemicals will be segregated according to target organ/tissue and 
revised hazard indices will be determined before a risk description if forwarded. 

7.2.2 

There are currently no USEPA health criteria for lead. The Halliburton NUS Team 
recommends comparing RME soil lead concentrations to the OSWER soil lead screening 
level of 400 ppm (USEPA, 1994) to assess risk to off-facility residents (Scenario A) and 
future on-SWMU residents (Scenario C). 

For assessing risk to other receptors (SWMU workers and bas’e personnel/families in 
Scenario A and park visitors/employees in Scenario B), it is recommended that the oral and 
inhalation RfDs for lead derived using regulatory standards (as describsd in Section 6.3) 
be used. The calculated oral RfD for lead is 4.3E-04, and the calculated inhalation RfD for 
lead is 4.3E-04. 
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7.3 CARCINOGENIC HUMAN HEALTH RISK ANALYSIS 

By convention, a 70-year exposure period is used to determine exposure doses to human 
receptors for carcinogenic risk calculations (USEPA, 1989a). In this assessment, the adult 
receptor exposure doses for the chemicals of potential concern (calculated in the exposure 
assessment) will be translated into cancer risks by the use of the following equation: 

Lifetime Excess = Estimated Pathway X Route-specific 
Cancer Risk specific LADD (mg/kg-d) Slope Factor 

(my/kg-d)-’ 

where LADD = Lifetime Average Daily Dose (i.e., 70-year average exposure dose). 

To assess the simultaneous exposure of a receptor population to multiple carcinogens from 
multiple exposure routes, all of the cancer risks calculated for a population will be summed 
(USEPA, 1986). The overall cancer risks associated with the project will then be compared 
to a de rnw lifetime cancer risk rate of 1 .O E-06 (USEPA, 1986) and to the Superfund 
remediation target risk range of 1 .OE-06 to 1 .OE-04. 

7.4 UNCERTAINTY/SENSITIVITY ANALYSES 

The subchronic and chronic health risks calculated in this assessment will be derived using 
a series of assumptions about the identity and quantity of contaminants in the 
environmental media associated with each of these SWMUs, their fate in the environment, 
the routes of receptor exposure, human behaviors that lead to chemical exposures, and 
the dose-response relationships underlying the health criteria. The major uncertainties 
pertaining to each of these areas will be reviewed in general in the uncertainty/sensitivity 
analysis section of the risk assessment. 
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8.0 ECOLOGICAL RISK ASSESSMENT 

8.1 INTRODUCTION 

The Ecological Risk Assessment will evaluate the ecological risks potentially posed by the 
present levels of contamination in various NAVSURFWARCENDIV environmental media 
(soil, surface water, sediment, and aIir). The purposes of this component of this work plan 
are to: 1) review the existing site information to determine if additional data are required 
to perform an environmental risk assessment, 2) support a SAP including a QAPP and a 
HASP for that assessment, 3) specify the activities needed to gather the additional data, 
and 4) identify the risk assessment documents that will be submitted to the regulatory 
agencies for review, including the estimated dates for submittal. 

8.1.1 

A quantitative baseline risk assessment will be conducted for the facility at Crane. The 
Ecological Risk Assessment will be based on existing Crane environmental contamination 
information such as described in the RCRA Facility Investigation, Phase Ill Ground Water 
Release Characterization Report (ABG) (Murphy, 1992) An Inventory of Natural Areas and 
Rare Plant Species at the Naval Weapons Support Center Crane, Indiana, (Jacquart and 
LeBlanc, 1987), The Bats of Crane Naval Weapons Support Center, Indiana, (Brack et al., 
1987), Results of the Survey of Bird Species at the Naval Weapons Support Center, Crane, 
(Hengeveld, 1987) A Field Survey of Amphibians and Reptiles of Crane Naval Weapons 
Support Center, Martin County, Indiana, with Emphasis on Rare and Unusual Species, 
(Nelson et al., 1987) Final Report, Endangered Fish Survey of the Crane Naval Weapons 
Support Center, Martin County, Indiana, (ES&T, 1987) Installation Restoration Program - 
Corrective Actions - Draft Part 1 RFI Phase III Soils, (USACE, 1992), Soil Suwey of Martin 
County, Indiana, (McElrath, 1988), Dye Trace of Beech Creek Aquifer, Ammunition Burning 
Ground, Naval Weapons Support Center Crane, Indiana, (Murphy and Ciocco, 1990) and 
other available environmental reports. This existing information will be supplemented with 
additional data obtained during the implementation of the Work Plan. Basic assumptions 
inherent to the baseline ecological risk assessment for the SWMUs at 
NAVSURFWARCENDIV include the continuing activity at each of the three sites (ABG, 
ORR, and DR). 

8.1.2 

The Ecological Risk Assessment will follow the guidelines provided in the RAGS 
Environmental Evaluation Manual (USEPA, 1989~). The ecological risk assessment, to be 
performed in conjunction with the Human Health Risk Assessment described earlier, will 
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be based on existing environmental information such as that described above. The 
Ecological Risk Assessment will consist of the same basic elements as the Human Health 
Risk Assessment, including toxicity assessment and risk characterization. The existing 
information describing the ecological setting of the ABG, ORR, and DR areas will be 
evaluated in conjunction with site-specific chemical data obtained during the 
implementation of this Work Plan. The Ecolog8ical Risk Assessment for the 
NAVSURFWARCENDIV will be based on the assumption of continued operation of the 
facilities for the normal operational life of the installation. 

The fundamental elements of the ecological portion of the site risk assessment include: 

. . . d IderlfrliCatlon : This includes the sources of contaminants, chemicals of 
concern, populations potentially exposed, and the place and duration of 
exposure. 

. : This relates to the source and mechanism 
of release, media of concern, receptor points, and routes of exposure. An 
estimation of the exposure point concentrations of contaminants and their 

. : This involves an evaluation of known data concerning the 
nts and the concentration levels known to cause adverse 

effects in the biota. An evaluatilon (where possible) of the quantitative evidence 
for toxicity values for ecological species will be made. 

. : An estimate of the potential for adverse 
ecological effects to occur will be made. The uncertainty of the analysis and the 
available data will be addressed and the results of the study will be 
summarized. 

8.2 HAZARD IDENTIFICATION 

8.2.1 

The Ecological Risk Assessment will consist of the same basic scenarios as in the human 
health evaluation. The existing information detailing the ecological setting of the three 
SWMUs will be evaluated in conjunction with site-specific chemical data obtained during 
the implementation of the work plan. However, for the ecological risk assessment, the 
three identified scenarios have been combined into two scenarios since the wildlife 
populations at the site are assumed to remain constant; only the site activities are 
expected to change. Therefore, only a current use scenario (i.e., burning continues 
indefinitely into the future) and a future use scenario (i.e., human intensive activities are 
discontinued) will be evaluated for the ecological risk assessment. 
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8.2.1 .I Site Contaminants and Environmental Media of Concern/Potential 
Exposure Pathways 

Site CorUahmk3 

At each of the three SWMUs the principal contaminants of concern include the explosives, 
propellants, oxidants, metals, flammable liquids, and other associated materials involved 
with the flashing, burning, detonating, or other thermal destruction practices carried out at 
each of the individual facilities. The site contaminants in addition to the feed stock 
products include the residues of the combustion process including the gases, particulates, 
and smoke and ash materials that have the‘potential for contamination of the ecological 
site environment and its surrounding areas. The specific contaminant evaluation will 
involve the identification of site contaminants in the various environmental media 
suspected to be contaminated, combined with a characterization of the contaminants of 
concern and their various transformation products, with particular reference to the 
properties of these materials known to or suspected to cause ecological damage. 

Potent&Exposure Pat- 

Based on existing ecological information for the NAVSURFWARCENDIV facility there are 
potential terrestrial and aquatic exposure pathways for the release of contaminants from 
each of the three sites under evaluation. While the individual SWMUs are generally 
somewhat different in terms of the constituents that are disposed of at each site, for 
purposes of this ecological assessment, the contaminants are considered coll~ectively and 
will be distinguished in the individual area descriptions as appropriate. The following 
section provides additional information concerning the contaminants of concern. 

8.2.1.2 Selection of Chemicals of Concern to the Project 

The individual contaminants of concern at the study sites that are of particular concern 
from an ecological perspective will be identified and summarized. Information on the 
physical/chemical properties, bioaccumulation potential, and other relevant characteristics 
of the contaminants will be used to evaluate the contaminants’ likely persistence in the 
environment and the routes of chemical release of the individual contaminants to the 
environment. Physical/chemical information concerning the nature of the contaminants, 
along with available sampling and analytical data, will be used to determine contaminant 
concentrations in relevani: media. 

The contaminants of concern and their transformation products will be evaluated in terms 
of their known or suspected potential for causing ecological harm. Literature reviews will 
be conducted to evaluate the toxicity of contaminants of concern, with careful attention 
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directed to the specification of the effects of concern, such as mortality or reproductive 
failure and the duration of exposure (i.e., acute or chronic). Applicable or relevant and 
appropriate requirements (ARARs) will be identified for those contaminants that have 
established environmental criteria, and exceedances of those ARARs will be noted. 

The maximum reasonable concentration of analytes will be used for the purposes of 
ecological screening. Doses corresponding to the maximum reasonable concentrations 
will be compared to an assessment factor of 0.01 of the LD,,for each contaminant (based 
on the Registry of Toxic Effects of Chemical Substances (RTECS) dIatabase maintained 
by the National Institute for Occupational Safety and Health (NIOSH). The LD,, value of 
0.01 will be used for both the acute and the-chronic toxicity level exposures. 

8.3 EXPOSURE ASSESSMENT 

The purpose of the ecological exposure assessment is to iIdentify the environmental 
receptors, identify and evaluate potential current and future exposure pathways, and 
determine the extent of exposure under the site-specific current and future land use 
scenarios, using standard exposure assumptions presented in the document entitled 
Review of Fcol9gical Risk Assessment Methods (USEPA, 1988) Selection Criteria for 

(USEPA, 1987) and Ecological 
. In addition, where more current 

evaluation and exposure assessmient methodologies are available they will be incorporated 
into the assessment ais applicable. Any potential proposed modifications to the standard 
exposure assumptions would be approved by the USEPA prior to using the modified 
assumptions in the Ecological Risk Assessment. In order to assure consistency with the 
exposure assumptions, Halliburton NUS Team will solicit any existing spreadsheet or other 
information developed by Region V that summarizes accepted exposure assumptions. The 
ecological exposure assessment process which will be conducted for the three SWMUs, 
including the ABG, ORR, and DR sites, at which contaminants of concern are present will 
be evaluated in the following three-step process: 

1. Jdentify Potential Receptors 

. Characterize physical environment 
l Characterize potentially exposed populations 
l Characterize present and potential future land uses 

2. ldentifvsure Pathways 

. Identify contaminated media 
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- Sources 
Releases 
Receiving media 
Fate and transport 

. Identify exposure points for SWMUs (i.e., individual site or groups of 
related sites 

. Identify exposure routes 

. Identify exposure pathways associated with the greatest exposures 

3. Quantify Exposure 

. Determine exposure point concentration 

. Determine contaminant intakes for pathway-specific exposures 

The three SWMUs will be examined individually or collectively in groups of related sites, 
as appropriate. These individual sites or groups of related sites will constitute the “operable 
units” for the ecological exposure assessment. 

8.3.1 

The first step in the ecological exposure assessment (as identified above) is to identify the 
potential ecological receptors at the NAVSURFWARCENDIV. This will involve assessment 
of the NAVSURFWARCENDIV with respect to physical characteristics (e.g., climate, 
vegetation, geology, hydrology including surface and groundwater, soils). In addition, the 
locations of known ecological populations relative to the three study sites at 
NAVSURFWARCENDIV will be identified based on site evaluation and the collection of 
data from installation personnel, state, and federal sources. Based on current 
understanding of the program at NAVSURFWARCENDIV, it is assumed that the three 
SWMUs will have future land use restrictions for use as park, natural areas, or other non- 
intensive land uses which will not provide the same exposures to the human or ecological 
components of the environment that may possibly occur at the present time. Indigenous 
animals that could be used as indicator species for the study sites are listed in Table 8-l. 
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TABLE 8-1 

Red Fox 
Coyote 
Bobcat 
White-Tailed Deer 
Mink 
Muskrat 
Cottontail Rabbit 
Gray Squirrel 
Fox Squirrel 
Opossum 
Raccoon 
Eastern Mole 
Indiana Bat 
White-Footed Mouse 
Deer Mouse 
Shorttail Shrew 
Striped Skunk 
Long-Tailed Weasel 
Woodchuck 

INDIGENOUS ANIMAL INDICATOR SPECIES 
RISK ASSESSMENT WORK PLAN 

Reptiles 

Black Kingsnake 
Northern Fence Lizard 
Southern Black Racer 
Five-Lined Skunk 
Eastern Garter Snake I 
Snapping Turtle 
Eastern Box Turtle 
Midland Painted Turtle 

Avifauna 

Red Tailed Hawk 
Broad-Winged Hawk 

‘- Red-Winged Blackbird 
Lazuli Bunting 
Carolina Chickadee 
Mourning Dove 
Wood Duck 
Ruffed Grouse 
Great Blue Heron 
Belted Kingfisher 
Mallard 
Eastern Meadowlark 
Barred Owl 
Northern Bobwhite Quail 
Field Sparrow 
Wild Turkey 
Pine Warbler 
Hairy Woodpecker 
Pileated Woodpecker 
Marsh Wren 
Bald Eagle 
Turkey Vulture 

Largemouth Bass 
Bluegill 
Flathead Catfts h 
Channel Cattish 
White Crappie 
Black Crappie 
Blacknose Date 
Yellow Perch 
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TABLE 8-1 (Continued) 

INDIGENOUS ANIMAL INDICATOR SPECIES 
RISK ASSESSMENT WORK PLAN 

Fish !continuedl 

Gizzard Shad 
Common Shiner 
Brook Silverside 

‘- White Sucker 
Redear Sunfish 
Green Sunfish 
Warmouth 
Black Bass 

Jnsects 

Terrestrial Species 
Aquatic Species 

. . 
AmDhlbms 

Bullfrog 
Striped Chorus Frog 
Pickerel Frog 
Southern Leopard Frog 
Red Spotted Newt 
Spring Peeper 
Two-Lined Salamander 
Spotted Salamander 
Red-Backed Salamander 
American Toad 
Gray Treefrog 
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8.3.2 

8.3.2.1 Environmental Fate Characteristics of the Chemicals of Concern 

The second step in the exposure assessment process is to identify the potential current 
and future exposure pathways. This process will require the identification of contaminant 
sources, the individual chemical release mechanisms, the receiving media, and the fate 
and transport characteristics of the contaminants of concern. The fundamental purpose of 
this portion of the ecological exposure analysis is to identify media that are receiving or 
potentially may receive site-generated contaminants. 

Based on past experience, it is anticipated that some of the media, such as air, food, or 
game species, may reasonably be expected to function as contaminant migration 
pathways, even though site-specific exposure assessment data for these media are not 
currently available. In situations of this type, where possible and where applicable, USEPA 
models will be used to estimate the contaminant concentrations in the media for which 
actual monitoring data will not be available. 

8.3.2.2 Exposure Point Locations for Receptors 

Following the characterization of the potential receptors and the contaminated media, the 
contaminated exposure points will be identified by determining if and where any of the 
potentially exposed populations may come in contact with these media. This procedure will 
involve the integration of the results of the current and the potential future ecological 
receptors evaluation with the results obtained from the evaluation of the contaminated 
media. After determining the exposure points, the probable exposure pathways will be 
identified based on the media contaminated by site actions and the anticipated activities 
at the individual points of exposure. 

Complete exposure pathways consisting of a source or chemical release from a source, 
an exposure point where the contaminant contact can occur, and an exposure route by 
which uptake can occur will then be determined for both the present and future conditions 
for each of the SWMUs. ‘The exposure pathways expected to facilitate the greatest 
exposure will be identified for quantitative evaluation. 

The soil ingestion exposure pathway will be evaluated. In addition to this exposure 
pathway, the surface water and groundwater pathways will be evaluated ,relative to the 
three sites under evaluation. It is possible that other exposure pathways such as the 
airborne route may represent a significant potential exposure route. At the three 
NAVSURFWARCENDIV sites, the proposed measurement endpoints are based on the 
bioavailability of contaminants of concern to the vegetation, and the indigenous animals 
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of the site environs and on the toxic response that ingestion of contaminated food materials 
would induce. One or several indicator species will be selected with regulatory agency 
concurrence. The principal ecological exposure pathways by which the indigenous plants 
and animals are exposed to contaminants from the various media are illustrated in 
Figures 8-1 and 8-2. 

Subsequent to the initial screening, exposure via ingestion of soils, water, and vegetation 
will be evaluated for the indicator species. The concentration level to be evaluated is the 
reasonable maximum exposure (RME). This will be determined for the upper 95th 
percentile. As an example, for the NWSCC, eastern cottontail rabbits obtain food and 
water primarily from the herbaceous forage species of their habitat (some surface water 
consumption occurs but is not a major component of their diet). Therefore, the 
bioavailability of soil contaminants (for eastern cottontail) depends on the absorption of the 
contaminants by vegetation as well as the amount of soil ingested by the species during 
preening behavior. For organic contaminants, the amount absorbed can be estimated by 
calculating the chemical constituents’ expected partitioning between grassy plants and soil. 
This calculation is accomplished through the use of the partitioning coefficient, Kow, and 
a regression equation developed by Travis and Arms (1988). [Note that any empirical 
equation used to quantify the movement of contaminants of concern from one medium to 
another, as noted by Travis and Arms (1988) will be referenced and justified as part of the 
ecological risk assessment.] 

log BCF,, = 1.588 - 0.578 log K, 

where: BCF, is a vegetation-soil partitioning coefficient for grassy plants; and K, is the 
octanol-water partitioning coefficient available from USEPA’s PHRED (Public Health Risk 
Evaluation Database). 

The concentration of a specific organic contaminant in the grassy plant is calculated as the 
product of the concentration in soil and the chemical-specific vegetation-soil partitioning 
coefficient. 

C veg = Csoi\ x BCFveg 

where C,, = analyte concentration in the plant; and C soil= analyte concentration in the soil. 

The estimation of a species’ exposure to contaminants of concern in vegetation requires 
information on the average weight of that species, the average daily intake of grassy plants 
by that species, and the feeding range of the individual species under evaluation. Efforts. 
will be made to obtain this information from each of the individual sites to make the 
information as site-specific as is possible. At present, extremely limited amounts of 
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ecological information exist for the installation, and an even smaller amount of information 
is available for the three evaluation sites. Where possible, sources of information will be 
contacted or obtained to provide as large a database as possible. 

The amount of contaminants of concern ingested via the soil, water, and vegetation at the 
individual sites will be compared with toxic dose information obtained from data for relevant 
receptors cited in the Registry of Toxic Effects of Chemical Substa,nces (RTECS) database 
(NIOSH). If this information is not available, the toxicity criteria data will be sorted 
according to similar taxonomic groups (guilds), and a benchmark Ior average toxic dose for 
each group will be used. As an endpoint for these bioavailability doses, the 0.01 LD, dose 
will be used where possible. 

The bioconcentration factors for metal contaminants in vegetation cannot be calculated 
from their chemical or physical properties as is done commonly with various organic 
chemicals. Limited chemical data are available, however on concentrations of some 
metals in herbaceous plants as compared with metal element concentrations in soils. This 
information would be developed and presented in tabular form organized by individual 
metallic element, the soil concentration, the plant concentration, and individual element 
reference sources. As part of the metals evaluation, we propose to use the mean 
concentration of each metal in soil as a measurement of the central tendency rather than 
the median, because the mean considers the effects of outliers, thus affording greater 
protection for most sensitive ecological plant and wildlife species. 

Indicator species in the specific context of the RAWP for NAVSURFWARCENDIV includes 
both terrestrial and aquatic species. An indicator species can be ;a single species, a group 
of species (guild), or a particular sensitive T&E species as required for this program. This 
use of the indicator species concept is useful in evaluation of the quantity, quality, and 
extent of habitat areas suitable for use as forage, cover concealment, and rearing areas 
for the wildlife of the site area. The degree to which impacts resulting from or projected to 
occur as a result of site activities can be extrapolated to the larger segment of the wildlife 
community depends largely on careful indicator species selection. 

Indicator species are selected using two approaches: 1) selection of species to be used 
as indicator species consisting of those species with a high public interest, economic value, 
or similar criterion, and 2) selection of indicator species in orcler to provide a broader 
ecological perspective within or throughout a given ecotype. For this program in which it 
is important to increase the ecological perspective of an assessment, the following types 
of species were considered: 
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1. Species known to be sensitive to specific land use actions. The species selected using 
this approach serve as “bioindicators” or “early warning” species for the affected wildlife 
community. 

2. Species that form a key role in a community due to their role in nutrient cycling or in 
energy flow. 

3. Species that represent groups of species that utilize a common environmental resource 
(guilds). A representitive species selected from the various guilds and predicted 
environmental impacts for the selected species can be extended with some degree of 
confidence to other guild members. 

8.3.3 

The third step of the ecological exposure assessment is to determine the extent of 
exposure through quantitatively evaluating the exposure pathways expected to facilitate 
the greatest exposure. Accompkshment of this objective will involve quantifying estimates 
of exposure point concentrations and pathway-specific contaminant uptakes for the 
contaminants of concern. The estimates of exposure point concentrations will be 
developed using site-specific monitoring data and analytical models for pathways where 
contaminant transport must be simulated. 

Standard exposure assumptions, will be used to estimate the chemical-specific intakes for 
the exposure pathways selected for quantitative evaluation. Based on the review of 
existing site-related infom-ration co’upled with the visual site inspection (November 18 to 20, 
1992) exposures to contaminated soil via inhalation, dermal contact, or incidental ingestion, 
surface water contact or ingestion, or airborne particulate inhalation are considered to be 
the major current exposure pathways applicable to the three SWhMJs at 
NAVSURFWARCENDIV. Exposures of the ecological receptors to contaminated 
groundwater are currently under consideration and may form another current exposure 
pathway based on information currently under development and evaluation. Potential 
agricultural pathways that might facilitate ecological exposure are not presently considered 
to be applicable, because agricultural activities are not currently conducted at locations that 
coincide with confirmed or suspected on-site contamination. 

The major exposure pathways applicable to the three SWMUs at NAVSURFWARCENDIV 
include: 

. Ecological exposure to contaminated soil via inhalation, dermal contact, or 
incidental ingestion. 
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. Ecological exposure to contaminated sediments via inhalation, dermal contact, 
or incidental ingestion. 

. Ecological exposure to contaminated surface water via dermal contact or 
incidental ingestion. 

l Ecological exposure to contaminated groundwater via dermal contact or 
incidental ingestion (possible pathway). 

l Consumption of contaminated vegetation. 

l Consumption of contaminated wildlife (predation). 

For purposes of this exposure pathway analysis, exposure to contaminated soil and 
sediment is not considered to be a relevant future exposure route for sites where surface 
soil or sediment contamination has not been detected and is not expected to be present. 
In addition, exposure to contaminated groundwater is not considered to be a rel’evant 
future exposure route for sites in which contaminated groundwater has not been detected 
and is not expected to occur in the future. 

The potential exposure pathways currently evaluated for the study sites at 
NAVSURFWARCENDIV will be reevaluated using the results obtained from the additional 
sampling and analysis to be conducted as part of this proposed evaluation program, in 
conjunction with additional information obtained on the physical characteristics of the site 
and potential receptors. 

8.3.3.1 Air Dispersion Modeling of Analytes 

Current investigations are being conducted through other CTOs regarding the questions 
associated with the airborne transport of contaminant materials from the SWMUs to other 
areas. Information as to isopleth concentrations of contaminants is not currently available 
but will be evaluated at such time as this information is made avaiilable for review and 
analysis. 

8.3.3.2 Soil Concentrations of Analytes 

Information concerning the presence of contaminants of concern in the soils of the ABG, 
ORR, and DR sites has been collected from some areas in the past. At present there is 
insufficient data available with which to determine the effects on the ecological portion of 
the environment. A soil sampling plan is included in the Sampling and Analysis Plan 
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portion of this Work Plan. A current plan of sampling for the parameters in Tables 9-2, 9-3, 
9-4, and 9-6 is recommended as part of this effort. 

8.3.3.3 Sediment Concentrations of Analytes 

Very little sediment-related contaminant characterization has occurred in conjunction with 
the three study sites. Sediment in the stormwater sediment ponds near the ORR and the 
DR should be sampled where surface soils are carried into these water bodies and at the 
discharge end where these areas drain into the local streams. The transport of 
contaminants in the soils from the disposalsites could serve as a potentially significant 
pathway for exposure of aquatic biota to contaminants. The sediment samples should be 
systematically collected from the downgradient locations where this material accumulates. 
The constituents of concern for analysis include the parameters listed in Tables 9-2, 9-3, 
9-4, and 9-6. The same sampling procedures to be used ,for collecting surface soil 
samples will be used for the collection of sediment samples. 

8.3.3.4 Surface Water Concentrations of Analytes 

In a manner similar to that noted above for the sediments, surface water sampling is 
needed to characterize the contaminants of concern to the biota of the site environs. The 
surface water sampling is important to determine what the aquatic biota will be exposed 
to and can potentially bioaccumulate. The surface water in the storm\water sediment ponds 
as well as the sm’all creeks and streams passing through or along the SWMUs will be 
sampled at several points for the parameters listed in Tables 9-2, 9-3, 9-4, 9-6, and 9-7. 

8.3.3.5 Fish Tissue Bioconcentration of Analytes 

Because the accumulation of contaminants of concern in aquatic species can possibly lead 
to the potential for human ingestion as part of the food chain, it is important to sample fish 
tissue from the various ponds and streams near the study sites As part of this analysis 
several distinct fish s’pecies will be sampled, if present, as possible. The bottom 
detritivores will be sampled. The carnivorous fish species will be sampled, and the 
herbivorous fish species will be sampled. The minimum sample size is 5 grams. By 
conducting this tissue sampling in the various trophic level groups, it should be possible 
to determine based on this information the various bioconcentration values associated with 
the major fish trophic levels. In this way, the different levels of contaminant 
bioconcentratioh can be quantitatively established. The fish species in the stormwater 
ponds as well as the small creeks and streams passing through or along the SWMUs and 
from control areas will be sampled at several points for the paramleters listed in Tables 9-2, 
9-3, 9-4, and 9-6. 
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8.3.3.6 Vegetation Bioconcentration of Analytes 

Terrestrial vegetation represents the foundation of the food chain. As such, any uptake of 
contaminants of concern in the herbaceous vegetation or in the leaves, fruits, or nuts of 
plant species from the study area has the potential for transfer of contaminants through the 
ecological food chain, As a result of this relationship, vegetation will be collected from the 
three SWMU areas in the downwind and downgradient runoff directions, as well as some 
control samples collected from outside the area of influence of the demolition activities. 
This vegetation will be collected from plant species known to constitute dietary forage 
sources for various wildlife species (knownto occur at the installation). The minimum 
sample size is 5 grams. In this manner, the first link in the terrestrial food chain will be 
evaluated for quantitative accumulation of contaminants of concern. The vegetation tissue 
in the vicinity of the SWh/lUs and from control areas will be sampled for the parameters 
listed in Tables 9-2, 9-3, 9-4, and 9-6. 

8.3.3.7 Terrestrial Food Chain Bioaccumulation of Analytes 

The terrestrial food chain will be evaluated for bioaccumulation of contaminants of concern 
using the same sampling rationale d’escribed for the fish and for the terrestrial vegetation. 
Representatives of the primary consumer wildlife groups will be collected and tissue 
samples will be taken for analysis of contaminant compound concentrations. Groups will 
be selected including primary consumers (i.e., small herbivorous speoies such as white- 
footed mouse, chipmunk or squirrel), omnivores (i.e., opossum, raccoon), or carnivores 
(i.e., short-tailed shrew, mink, and long-tailed weasel). Game species may be selected for 
analysis if the species can be obtained near the SWMUs. The minimum sample size is 
5 grams. Game species are preferable sampling specimens because their relationship to 
the food chain is well established and may serve as a link to potential transfer of 
contaminants to the human food chain. The wildlife tissue in the vicinity of the SWMUs and 
from control areas will be sampled for the parameters listed in Tables 9-2, 9-3, 94, and 
9-6. 

TOXICITY ASSESSMENT 

The purpose of the toxicity assessment is to qualitatively and quantitatively assess the 
toxicological hazards of the contaminants of concern as a function of the anticipated route 
of exposure (such as ingestion or inhalation). The toxicity assessment procedure follows 
the following steps: 
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1. Gather Toxicity Information 

l Qualitative 
l Quantitative 

2. Determine Toxicity Values for Noncarcinogenic Effects 

3. Detem?ine Toxicity, Values for Carcinogenic Effects 

4. Determine Toxicity Values for Explosives for which Standard Toxicity Indices are 
Not Available 

. Review Literature 

. Review Structure/Activity Relationships 
l Consult with EPA Toxicologists 

5. Summarize Toxicity Information 

“, ,,,, 8.4.1 

The qualitative toxicity assessment will include a discussion of published information 
concerning environmental toxicity for the contaminants of concern. A brief toxicity profile 
will be prepared for each contaminant of concern, summarizing documented adverse 
effects, dose/response information, routes of exposure, reliability of available data, and 
other readily available information. The quantitative toxicity assessment will involve 
identifying available quantitative indices of toxicity/carcinogenicity (e.g., mammal poisoning 
by nitrates). A reference dose (RfD) will be the quantitative index used in evaluating 
noncarcinogenic effects where available. The RfD represents the maximum acceptable 
uptake of non-carcinogens, where known for animal species. Frequently this information 
is unavailable or nonexistent for various wildlife species. Where such data are unavailable, 
reference to laboratory animal species, to be used as surrogates for the wildlife species, 
will be defined and explained. 

Potential information sources for quantitative and/or qualitative toxicity data include the 
following: 

l USEPA, Integrated Risk Information System (IRIS, 1993) 
l USEPA, Health Effects Assessment Summary Tables (HEAST, 1989) 
l USEFA, Public Health Risk Evaluation Database (FHREAD, 1989) 
. USEPA Criteria Documents including; 
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Drinking Water Criteria Documents 
- Ambient Water Quality Criteria Documents 
- Air Quality Criteria Documents 
- Agency for Toxic Substances and Disease Registry, toxicity profiles 

Due to the lack of toxicity data for many explosives-related chemicals, a detailed evaluation 
of recent sources describing health effects of explosives (e.g., 

m; Burrows, et al., 1989) will 
be performed to identify relevant acceptable intakes or potency information for explosive- 
related com,pounds. For explosive compounds for which limited data are available, the 
structure/ activity relationships will be reviewed and evaluated to determine if toxicity data 
can be developed. Procedures may be developed to calculate acceptable daily intake 
(ADls) values from LDsO data. 

8.4.2 

The environmental benchmark concentrations for ecological evaluation will be established 
using the soil, sediment, surface water, and various tissue sample analytical results for the 
contaminants of concern. The benchmark concentrations will be establiirhed through the 
comparison of the baseline sampling results with the results obtained after review of the 
analytes and information concerning the 0.01 CD, values for each contaminant, obtained 
from the literature. For various media, if contaminant concentrations are observed that 
exceed the 0.01 LDS, value for the selected indicator species, further @valuation of this 
information will be conducted. For this evaluation, the inclusion of control data to establish 
outside concentration levels is of high importance to the program. By obtaiining background 
ambient concentrations from outside the area of influence of the combustion sites, it will 
be possible to determine if bioaccumulation is occurring for contaminants from the sites. 

Chronic toxicity data or the 0.01 LD5* values will be used as appropriate. For use in this 
project at NAVSURFWARCENDIV, the 0.01 LDm endpoint measure for comparison to the 
benchmark baseline concentration values is believed to be a good measurement endpoint 
as recommended by the USEPA in WC Health because it 
possesses all characteristics of a good measurement endpoint, including; 

. Corresoondence to an Assessment Fndoo int - The ecological assessment 
endpoint is a reduction in abundance of indicator species populations at a site 
compared to the abundance of the same type of plant or animal species 
population in an ecologically similar, uncontaminated area. It is assumed that 
abundance will decrease under toxic stress. In addition to abundance, other 
indicators of population stress can be used such as indication of stunted .. 
growth. 

8-14 



CLEAN CT0 #0076 
FINAL 

EPA ID No. IN5 170 023 498 
NAVSURFWARCENDIV RA WP 
July 1995 

- Both explosive compounds and TCL compounds are readily 
sediments, water, and tissues. 

to Temm l’Ivn8rnics - Because contaminant concentrations at 
the sites are not expected to change significantly in the soils, sediments, water, 
and tissues, they can be considered to be constant during the period of study. 

. . . w N-al Van&&y - The natural background concentrations of detected 
analytes in the’various media are not expected to vary significantly during the 
current period of study. .,_ 

mastic; - The ecological measurement endpoints based on bioavailability 
and toxic response are obviously diagnostic of contamirrant presence and 
its(their) effect(s). 

The selected endpoints will be applicable to all sites and 
three sites at NAVSURFWARCENDIV. 

Stan- - Contaminant concentrations will be measures by standard methods. 

- Information on toxic doses of the potential contaminants 
in rabbits, rodents, and canids is readily available from the RTECS database, 
maintained by NIOSH. 

In order to evaluate potential effects on aquatic systems on and adjacent to the site, 
Ambient Water Quality Criteria (AWQC) from the Clean Water Act developed for the 
protection of aquatic life (USEPA, 1986) will be used as the primary surface water criteria. 
The applicability of different AWQC depends on the intended use of the surface water. 
Specifically the criteria developed for freshwater, chronic exposure are considered the 
most applicable. If criteria are not available for freshwater chronic exposure, the criteria 
developed for freshwater acute exposure will be used for comparative purposes. If AWQC 
are unavailable, aquatic toxicity databases, such as the Aquatic Information Retrieval 
(ACQUIRE) database, and primary literature will be consulted to determine the relative 
toxicities of site contaminants found in surface waters. 

Only limited data are available to evaluate the effects of contaminated sediment on aquatic 
life. The sediment data for the site may be compared with interim sediment quality criteria 

. . . Pa-h to (USEPA, 1989); and 
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Technical Memorandum NOS OMA 52 
ed 

8.5 RISK CHARACTERIZATION 

8.5.1 

For the ecological portion of this program, the population abundance (stress) of indicator 
species at sites within the NAVSURFWARCENDIV SWMUs and adjacent lands is the 
principal proposed basis for the ecological assessment endpoints. The specific species that 
will be used for these endpoints will be selected within USEPA guidance. The significance 
of species abundance depends on the role of the population within the studied ecosystem. 
As an example, small mammal species serve as prey for virtually all predators at 
NAVSURFWARCENDIV. For this program, an operational definition of the endpoint can 
be obtained by comparing the abundance of a particular species in an operational unit (by 
qualitatively or quantitatively identifying the NAVSURFWARCENtIIV ecosystem in the 
vicinity of the SWMUs), as compared with the abundance of the species in similar but 
noncontaminated areas. A value for this latter abundance would be obtained by conducting 
parallel inventories within and outside of the SWMUs impact areas. The uncertainties 
associated with this comparative abundance approach will be discussed in the 
environmental assessment. USEPA concurrence will be sought in use of this abundance 
metric as an indication of ecological stress. 

In practice, any noticeable (measurable) decrease in comparative abundance of indicator 
species could be assumed as the endpoint, after it has been determined that other 
ecological factors are not the primary causal factor contributing to this decrease. The 
species redu’ction (or other stress indicators) can be compared to the toxicity information 
obtained from the RTECS database and to the corresponding bioavailability of specific 
contaminants. Because small noncarnivorous mammals constitute the main diet item of 
predators at the NAVSURFWARCENDIV, ecological stress affecting their population can 
also be regarded as stress that will affect the predator population (through food chain 
relationships other than purely the bioaccumulation mechanism). 

In addition to the indigenous wildlife and plant population, an evaluation of other potentially 
affected populations will also be conducted, with an emphasis placed on the rare, 
endangered, and threatened species. The potential effects on species that are of 
recreational or commercial importance will also be noted. 

In the aquatic ecosystem of the streams and ponds near the ABG, ORR, and DR sites, two 
principal organism groups have been selected for analysis, including benthic 
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macroinvertebrates and fish species. Benthic macroinvertebrates were selected as one of 
the indicator organisms because in the sediments of the ponds and streams of the site 
area, they are essentially sessile (non-mobile) and thus serve as a bioindicator of water 
quality conditions occurring within the water column. In addition, their use as a bioindicator 
of water quality conditions can be measured on a yearly or seasonal basis. Fish were 
selected as an indicator organism because they represent all trophic levels from primary 
consumers through secondary and tertiary consumers. 

The terrestrial ecosystem of the study area is comprised of a wide variety of wildlife types 
and forms including vegetation, birds, mammals, amphibians, and reptiles. Abundance 
information will be collected for these groups within and outside of the study area to 
determine based on species composition if there are any significant differences attributable 
to the activities at ABG, ORR, or the DR. In addition to the species abundance and 
diversity information to be collected, selected vegetation and wildlife species will be 
collected for quantitative tissue analysis to determine if there is evidence of 
bioaccumulation of contaminants of concern in the tissues of the wildlife and plants. This 
determination will be made to determine the plausibility of linkages and transfer of 
contaminants through the site ecological food chain. 

8.5.2 

Quantitative field measurements will be conducted in order to derive as accurate as 
possible species figures for the control and affected portions of the study areas. Where 
possible, specific measured areas will be censused for vegetation and small mammals. 
Where wildlife have higher mobility and increased home-range size, the measurement will 
use standard inventory/censusing techniques to obtain as representative a database as 
possible, within the constraints of time and budget for the program. 

In the work product of this effort, the limitations of the ecological analysis and the 
underlying assumptions used in the development and execution of the program will be 
discussed in detail. This discussion will include enumeration of the limitations of the 
sampling data, the assumptions underlying the use of statistics in the data analysis, 
indices, and models where used, and an identification of other potential sources of error 
which could lead to uncertainty regarding an interpretation of the data generated from the 
program. 

D:\CT0760lWPI\S8. 
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9.0 SAMPLING AND ANALYSIS PLAN 

9.1 INTRODUCTION 

This plan details the standard procedures to be followed for collecting samples for chemical 
and physical analyses at three SWMUs within NAVSURFWARCENDIV. The field 
investigation rationale and approa!ch is detailed in Section 4.0 and summarized below in 
Section 9.2. Sections 9.3 through 9.9 detail the media-specific samplilng plans including 
sample locations, equipment requirements, sample collection procedures, decontamination 
procedures, quality control protocols, and documentation requirements. Media-specific 
sampling plans integrate Standard Operating Procedures (SOP@ as included in 
Appendix A. Field documentation may include Rust E&l forms as presented in Appendix A. 
These forms may be used in lieu of, or in addition to these included in the SOPS. 

9.2 SAMPLING APPROACH, RATIONALE, AND OBJECTIVES 

.’ Based upon potential primary contaminant sources and potential contaminant migration 
pathways and impacts for each SWMU, sampling needs specific to baseline human health 
and ecological risk assessment within each SWMU have been identified. Samples to be 
collected as part of the risk assessment are presented for each SWMU in Table 4-1, 
Table 4-4, Tables 4-12 through 4-14, and Tables 4-20, 4-21, and 4-26. These tables 
identify, by medium, the numbers and locations of samples to be collected, analytical 
parameters, and the rationale for sample collection. Sampling locations for each medium 
at the respective SWMUs are depicted on Figures 3-7 through 3-9, Figure 3-13, and 
Figure 3-16. 

The tables in Section 4.0 demonstrate that the risk assessment investigative approach 
focuses on contaminant source characterization and the corresponding media impacts. 
The nature and extent of hazardous waste or constituents and their concentrations in the 
respective media serve as the basis for evaluating human health exposure and risk 
(Figures 4-l through 4-3) as well as ecological exposure and risk (Figures 8-1 and 8-2). 
The risk assessment investigative approach incorporates the results of previous SWMU 
investigations including those completed as part of the federal portion of the RCRA Permit 
for NAVSURFWARCENDIV. Additionally, the objective of the risk assessment is to satisfy 
the requirements of 40 CFR Part 264 Subpart X, and comply with recommendations in the 
RAGS (December 1989) and the Corrective Action requirements as identiied in the site’s 
RCRA Part B permit. 

9-l 
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The investigative sampling approach involves selection of sample locations based on data 
needs identified from previous investigations. Both composite and grab samples will be 
collected for most media. Grab samples are targeted at potential contaminant hot spots, 
coincident with areas displaying observable impacts (i.e., soil staining) or within those 
areas considered most likely impacted based on past or present operations (i.e., sumps). 

In other instances, it is probable that the spatial variability of contaminants around the 
potential primary sources is limited, and therefore contaminant concentrations in individual 
subsamples will not reflect enough variability to effectively dilute he total composite 
concentration. For these reasons compos+ sam’pling is deemed appropriate for this 
investigation. Composite samples will be collected in conjunction with potential pnmary 
sources in an attempt to provide adequate source characterization, yet reduce the total 
number of samples cokeded and analyzed. Subsamples are targeted at the perimeters 
of potential primary sources (i.e. bum pans, surface impoundments). Composite grid 
sampling will be conducted for less welldefined potentially impacted areas (i.e., Army 
detonation area of the Demolition Range). The grid-based composites offer the best 
statistical sampling strategy for minimum bias while providing adequate site coverage over 
large areas. 

It is proposed to use “control” surface soil samples previously collected and analyzed at 
the ABG (U.S. Army 1990) as representative of background conditions at the ABG. New 
backgrownd surface soil sample locations are proposed for the DR and ORR. Background 
soil sampling results will be evaluated separately for each SWMU. Sulrface and sediment 
samples collected within Lii Swlphwr, Turkey, and Boggs Creeks at the creeks’ upstream 
or entry points to the respective SWMUs will be considered representative of SWMU 
background conditions. Background groundwater conditions may be established within 
existing or proposed upgradient monitoring wells, defined on the basis of water level 
measurements and proximity to potential primary contaminant sources. Media-specific 
background samples are identified in Section 4.0. 

An ecological population survey will be conducted to fill a significant site-specific data need 
concerning the ecological relationships at, and affected by, the continued operation of the 
respective SWMUs. Macroinvertebrate fauna have historically been used to monitor the 
environmental conditions at a specific location. These organisms are able to reflect the 
previous water quality conditions because, 

l They are relatively immobile. 
l They have generally long life cycles. 
l They contain many species ranging from tolerant to intolerant to many forms of 

pollution. 
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During the field program, samples of the macroinvertebrate fauna will be collected for 
analysis. A four-point approach to use of the macroinvertebrate oommwnity will be 
employed including: 

1. Number of species. 
2. Density (number per unit area). 
3. S’pecies diver&y (Shannon-Weiner index). 
4. The pollution tolerance of the individual species or groups. 

The number of species present will be used to indicate the degree of water degradation. 
This method assumes that few species are unaffected by pollution. As a result, the 
community structure demonstrates an inverse relationship between the number of species 
and the pollution levels in which the species were found. However, the results are different 
for the number of individuals within a species. The number of individuals within a species 
will increase if the pollutant is organic and decrease if the pollutant is toxic. 

Fish studies will involve both netting (seining) and electrofrshing methods to census the fish 
fauna of the individual streams and creeks within and outside of the SWMU areas. 
Information obtained in this portion of the program will include the species observed and 
a measure of the relative abundance of the individual fish species identified. Information 
concerning the life stages of the species censused will also be obtained and recorded. 

Subsequent to the ecological population surveys, vegetation and wildlife tissue samples 
will be collected to determine if any of the contaminants of concern are present in living 
tissue and represent potential sources for bioaccwmulation of contaminant materials. This 
is important to the overall evaluation of the potential for transport of contaminants through 
the ecological food chain at and surrounding the individual SWMUs. 

Sampling procedures, equipment, decontamination, and documentation will be consistent 
for each of the three SWMUs. Media-specific procedures are presented in the following 
sections for Surface (0 to 6 inches) Soil Sampling, Surface Water and Sediment Sampling, 
Monitoring Well Installation, Groundwater Sampling, Surface Water and Growndwater 
Hydraulic Characterization, Ecological Population Surveying, and Wildlife and Vegetation 
Tissue Sampling. 

Prior to beginning any sampling or surveying activities, no one shall venture into any area 
which has not been cleared and designated safe by the Navy EOD or CAAA Unexploded 
Ordnance (UXO) Team. It is possible that some UXO may be present in the SWMUs to 
be sampled. Because of this, the Halliburton NUS Team shall work with UXO specialists 
from NAVSURFWARCENDIV using equipment capable of detecting ordnance in all areas 
where field activities are to be conducted. A magnetometer or other device determined 

9-3 



CLEAN CT0 #0076 
FINAL 

EPA ID No. IN5 170 023 498 
NAVSURFWARCENDIV RA WP 
July 1995 

appropriate by the NAVSURFWARCENDIV UXO specialists, with borehole capability of 
at least 10 feet, shall be used to determine the presence/absence of subsurface UXO prior 
to drilling/subsurface sampling. Borehole monitoring shall be accomplished at 2-foot levels 
to a depth of at least 10 feet. If the geophysical equipment indicates a suspect UXO, an 
altematlle drilling/subsurface sampling location shall be selected by thar HailibuJfon NUS 
Team and SSO shall be immediately notiied. Any unexploded ordnance shall be marked 
and access restricted in the immediate a’rea. The NAVSURFWARCENDIV UXO Team 
shall be on-site with the drilling crew during the length of this project. 

Because sampling locations are located in the active SWMUs, the SSO or FTL shall 
arrange SWMU access with Thomas Brent (NAVSURFWARCENDIV Point of Contact). 
Only after clearance has been obtained will sampling proceed with the 
NAVSURFWARCENDIV UXO Team. The NAVSURRWARCENDIV UXO Team shall clear 
each sampling location prior to sample collection. No one shall ve’ntwre outside of the 
investigation area without NAVSURFWARCENDIV UXO Team clearance. 

9.3 SURFACE SOIL SAMPLING 
,. 

The purpose of this section is to identify the equipment and appropriate methods 
necessary to obtain surface (O-6 inches) soil samples at each SWMU. Surface soil 
samples will be collected to characterize potential releases to soil from primary sources, 
and subsequently evaluate risk to human and environmental receptors. 

9.3.1 

The sample locations are described in Table 4-1, and shown on Figures 3-7 through 3-9, 
Figure 3-13, and Figure 3-16. Sample locations will be field-identified with lath or stakes 
prior to sampling. At the DR, surveyed sampling grids will be established in conjunction 
with the Army Detonation Area and Navy Detonation Area as shown on Figure 3-13. 
Surveyed sampling grids will also be established at the Target Area within the ORR as 
shown on Figure 3-13. Composite grid samples will be comprised of subsamples from 
each quadrant of the respective grid squares. Actual sampling locations will be accurately 
noted on sample log sheets with reference to survey coordinates. 

9.3.2 

Surface soil samples will be analyzed using USEPA approved methods within the holding 
time parameters dictated by the QAPP (Appendix C). Soil samples wilt be analyzed for 
SVOCs, explwives, metals, and nitrite + nitrate (See SWMU-specific groups in Table 9-l). 
Specific compounds are listed on Tables 9-2 through 9-4. Surface soil samples at the ABG 
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TABLE 9-I 

SAMPLING AND ANALYSIS SUMMARY 
SWMUS #m/IO, Mwo9, #407/09 

Field Laboratory EPA Field Field QC(1) 
CevelSamPlesRBra 

SWMU #03/10 -AMMUNITION BURNING GROUND (and Old Jeep Trail) 

svoc 
Metals 
Cyanide 
Explosives 
DioxinlFuran 

Temp., PH, 
Specific 
Conductance 

voc 
svoc 
Metals’s 
Cyanide 
Explosives 
COD 
TDS 
Sulfate 
Chloride 
Alkalinity 
NO,+NO, 

IV 
IV 
IV 
111 
Ill 

I 

IV 
IV 
IV 
IV 
Ill 
Ill 
Ill 
Ill 
Ill 
Ill 
Ill 

IV 
IV 
IV 
IV 
Ill 
Ill 

IV 
IV 
IV 
IV 
Ill 
Ill 

I 

IV 
IV 
IV 

10 

10 
IO 
10 
10 
10 
10 
10 
10 
10 
10 
10 

voc 
svoc 
Metals 
Cyanide 
Explosives 
NO,+NO, 

voc 
svoc 
Metals 
Cyanide 
Explosives 
NO,+NO, 

25 
25 
25 
25 
25 
25 

Temp., PH, 
Specific 
Conductance 

voc 
svoc 
MetaW 

6 

6 
6 
6 

1 
1 
1 
1 
1 

_- 

-_ 

_- 
_- 
-- 
-- 
-- 

-- 
-- 

1 
1 
1 
1 
1 
1 

_- 

_- 

_- 
-- 

-- 

1 
1 
1 

_- 
-- 
_- 
1 

-- 

1 
1 
1 
1 
1 
1 
1 
1 
I 
1 
1 

me 

-_ 

-_ 

-- 

-- 
_- 

*- 

1 
1 
1 

UBEQ 

- 1 
we 1 
- 1 
-- 1 
- 1 

-- - 

2 1 
-_ 1 
- 1 
-- 1 
- 1 
-- 1 
- 1 
-- 1 
- 1 
-- 1 
- 1 

1 1 
- 1 
_- 1 
_- 1 
- 1 
- 1 

2 3 
- 3 
-- 3 
- 3 
-- 3 
- 3 

me -- 

1 1 
- 1 
_- 1 

Sediment 

Tissue 

Soil 

Surface Water 

Groundwater 

No. of Laboratoty WC” 

-- 

14 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 

30 
28 
28 
28 
28 
28 

..- 

10 
9 
9 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
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TABLE 9-l (Continued) 

SAMPLING AND ANALYSIS SUMMARY 
SWMUS #03/10, #06/09, #07/09 

Field Laboratory EPA Field Field QC(1) 
Ji&!asamDlesBBEBLBfe 

SWMU #03/10 -AMMUNITION BURNING GROUND (and Old Jeep Trail) (Continued) 

Groundwater 
(Continued) 

Cyanide 
Explosives 
COD 
TDS 
Sulfate 
Chloride 
Alkalinity 
N02+N03 

SWMU #O6/09 - DEMOLITION RANGE 

Soil svoc 
Metals 
Cyanide 
Explosives 
DioxinlFuran 

Surface Water Temp., PW, 
Specific 
Conductance 

voc 
svoc 
Metals(3’ 
Cyanide 
Explosives 
Alkalinity 
COD 
TDS 
Chloride 
Sulfate 
NO,+NO, 

voc 
svoc 
Metals 
Cyanide 
Explosives 
N02+N03 

IV 
Ill 
III 
III 
III 
III 
Ill 
Ill 

IV 
IV 
IV 
III 
Ii1 

I 

IV 
IV 
IV 
IV 
III 
III 
III 
III 
Ill 
Ill 
Ill 

IV 
IV 
IV 
IV 
Ill 
III 

‘- 6 
6 
6 
6 
6 
6 
6 
6 

14 
14 
14 
14 
3 

4 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

4 
4 
4 
4 
4 
4 

1 1 
I I 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 

2 “” 
2 “” 
2 “” 
2 “” 
1 “” 

- - 

- - 
“” I 
- - 
“” “” 
“” - 
“” “” 
“” “” 
“” “” 
“” “” 
“” I 
“” “” 

“” “” 
“” “” 
- “” 
“” -- 
“” - 
- -- 

“ ”  1 
"" 1 
“” 1 

- 1 
- 1 
- 1 
- 1 
- 1 

- 2 
“” 2 
“” 2 
“” 2 
“” “” 

I “” 

1 1 
- .I 
- 1 
- 1 
- 1 
- 1 
- 1 
“” 1 
“” 1 
- 1 
“” 1 

1 - 
“I “” 
“” - 
“” “” 
- “” 
“I “” 

No. of lsboratory QP 

18 
18 
18 
18 
4 

“” “ ”  

6 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
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TABLE 9-I (Continued) 

SAMPLING AND ANALYSIS SUlWMARY 
SWMUs #03/10, #06/09, #07/09 

Field Laboratory EPA 
LocationmnatrixParametarsParametersM 

SWMU #06/OG - DEMOLITION RANGE (Continued) 

Tissue voc 
svoc 
Metals 
Cyanide 
Explosive 
NO,+NO, 

Groundwater Temp., PH, 
specific 
Conductance 

‘VOC 
svoc 
Metals(3) 
Cyanide 
Explosives 
COD 
‘TDS 
‘Chloride 
Sulfate 
,Alkalinity 
NO,+NO, 

SWMU #07/09 - OLD RIFLE RANGE 

Soil svoc 
Metals 
Cyanide 
Explosives 
NO,+NO, 

Surface Water Temp., PH, 
specific 
Conductance 

voc 
svoc 
fvletals(3J 
Cyanide 
Explosives 
COD 

IV 
IV 
IV 
IV 
III 
III 

I 

IV 
IV 
IV 
IV 
III 
III 
III 
III 
Ill 
Ill 
Ill 

IV 
IV 
IV 
III 
III 

I 

IV 
IV 
IV 
IV 
Ill 
Ill 

Field 
SamDles 

.- 25 
25 
25 
25 
25 
25 

10 

10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

Field W(1) 
lieI 

No. of Laboratory QC”’ 
SamDlesLDlMSlMSD 

30 2 
28 2 
28 2 
28 2 
28 2 
28 2 

15 1 
13 1 
13 1 
13 1 
13 1 
13 1 
13 1 
13 1 
13 1 
13 1 
13 1 

7 - 
7 - 
7 - 
7 - 
7 - 

4 “” 
3 “” 
3 “” 
3 “” 
3 - 
3 - 
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TABLE 9-I (Continued) 

SAMPLING AND ANALYSIS SUMMARY 
SWMUs #03/10, #06/09, #07/09 

Field Laboratory EPA 
LocationlMatrix Parametetrs Parameters && 

SWMU #07/09 - OLD RIFLE RANGE (Continued) 

Tissue 

Surface Water 
(Continued) 

TDS 
Sulfate 
Chloride 
Alkalinity 
NO,+NO, 

Sediment voc 
svoc 
Metals 
Cyanide 
Explosives 
N02+N0, 

voc 
svoc 
Metals 
Cyanide 
Explosive 
NO,+NO, 

Groundwater Temp., PH, 
Specific 
Conductance 

voc 
svoc 
Metalsc3) 
Cyanide 
Explosives 
COD 
TDS 
Sulfate 
Chloride 
Alkalinity 
NO,+NO, 

III 
Ill 
III 
III 
III 

IV 
IV 
IV 
IV 
III 
III 

IV 
IV 
IV 
IV 
III 
III 

I 

IV 
IV 
IV 
IV 
Ill 
Ill 
Ill 
Ill 
Ill 
Ill 
Ill 

Field Field QC(l) 

25 
25 
25 
25 
25 
25 

9 

9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 

B.BEB 

“” 1 
“” 1 
- 1 
"" 1 
- 1 

"" "" 
"" "" 
"" "" 
"" "" 
"" "" 
"" "" 

- "" 
I - 
- - 
- - 
I - 
- - 

- - 

1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 

ra 

“” “” “” “” 
1 “” “” “” “” “” 
2 
“” 

“” 

“” 

2 
“” 
“” 

“” 
“” 
- 

ED 

“” 

“” 

“” 

1 
"" 
"" 
"" 
"" 
"" 

2 
2 
2 
2 
2 
2 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

No. of Laboratory QC@ 
s.ixnQhLo/MS/MSD 

29 
27 
27 
27 
27 
27 

“” 

14 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 

“ ”  

“ ”  

“ ”  

“ ”  

“ ”  

“ ”  

“ ”  

“ ”  

“ ”  

1 
1 
1 
1 
1 
1 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
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TABLE 9-I (Continued) 

SAMPLING AND ANALYSIS SUMMARY 
SWMUs #03/10, #06/09, #IO7109 

NOTES: 

(1) Trip blanks will be provided at a frequency of one per cooler containing VOC samples (soil and water). The 
number of field blanks are based on two water sources. Rinsate blanks are collected at one per sampling 
method per day. Only samples obtained from every other day are analyzed. Field duplicates will be collected 
at a frequency of one per 10 samples collected. See Section 16.0 of Work Plan for event schedule. 

(2) MS/MSD Samples am required for organic analysis. Samples shall be collected wtth extra sample volume at 
a frequency of one per 20 or fewer investigative samples per matrix. Triple the normal volume for aqueous 
collected for aqueous VOCs, SVOCs, explosives, and dioxinPfurans. Double the normal volume for al1 other 
analysis. 

(3) Metals and cyanide will be analyzed as total (unfiltered) samples. 

,, ,,, 

FB - Field Blank 
RB - Rinsate Blank 
FD - Field Duplicate 
LD - Laboratory Duplicate 
MS - Matrix Spike 
MSD - Matrix Spike Duplicate 
TB - Trip Blank 
SWMU - Solid Waste Management Unit 
DQO - Data Quality Objective 
QC - Quality Control 
VOC - Volatile Organic Compound 
SVOC - Semivolatile Organic Compound 
COD - Chemical Oxygen Demand 
TDS - Total Dissolved Solids 
NO,+ NO* - Nitrate Plus Nitrite 

D:CTO7Wl\Wl\TABLES-1 
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Compound 

Phenol 
bis(2-Chloroethyl) ether 
2-Chlorophenol 
1,3-Dichlorobenzene 
1,4-Dichlorobenzene 

1,2-Dichlorobenzene 
2-Methylphenol 
2,2’-oxybis-( I-Chloropropane)** 
4-Methylphenol 
Hexachloroethane 
Nitrobenzene 
lsophorone 
2-Nitrophenol 
2,4-Dimethylphenol 
N-Nitrosodi-n-dipropylamine 

bis(2Chloroethoxy) methane 
2,4-Dichlorophenol 
1,2,4-Trichlorobenzene 
Naphthalene 
4Chloroaniline 

Hexachlorobutadiene 
4-Chloro-3-methylphenol 
2-Methylnaphthalene 
Hexachlorocyclopentadiene 
2,4,6-Trichlorophenol 

EPA ID No. IN5 170 023 498 
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TABLE 9-2 

SVOC LIST 

** Previously known by the name of bis(2-chloroisopropyl) ether. 
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compprand 

2,4,5-Trichlorophenol 
2-Chloronaphthalene 
2-Nitroanaline 
Dimethylphthalate 

Acenaphthalene 
2,6-Dinitrotoluene 
3-Nitroaniline 
Acenaphthene 
2,4-Dinitrophenol 

I” “” 
4-Nitrophenol 
Dibenzofuran 
2,4-Dinitrotoluene 
Diethylphthalate 
4-Chlorophenyl-phenyl ether 

Fluorene 
4-Nitroaniline 
4,6-Dinitro-2-methylphenol 
N-Nitrosodiphenylamine 
4-Bromophenyl-phenyl ether 

Hexachlorobenzene 
Pentachlorophenol 
Phenanthrene 
Anthracene 
Carbazole 

Di-n-butylphthalate 
Fluoranthene 
Pyrene 
Butylbenzylphthalate 

I, 3,3-Dichlorobenzidine 

EPA ID No, IN5 170 023 498 
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TABLE 9-2 (Continued) 

SVOC LIST 

Comoound 

Benzo(a)anthracene 
Chrysene 
bis(2-Ethylhexyl)phthalate 
Di-n-Octylphthalate 
Benzo(b)fluoranthene ._ 

Benzo(k)fluoranthene 
Benzo(a)pyrene 
Indeno(l,2,3cd)pyrene 
Dibenzo(a, h)anthracene 
Benzo(g,h,i)perylene 

D:\CT07601 \WPl \TAB9-2 
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TABLE 93 

EXPLOSIVES COMPOUND LIST 

ExDlosives 
. . 

Abbw.mkm 

Octahydro-1,3,5,7-tetranitro-I ,3,5,7-tetrazocine 
Hexahydro-1,3,5-trinitro-1,3,&triazine 
1,3,5-Trinitrobenzene ._ 
1,3-Dinitrobenzene 
Methyl-2,4,6-trinitrophenylnitramine 
Nitrobenzene 
2,4,6-Trinitrotoluene 
2,4-Dinitrotluene 
2,6-Dinitrotoluene 
o-Nitrotoluene 
m-Nitrotoluene 
p-Nitrotoluene 

HMX 
RDX 
TNB 
DNB 
Tetryl 
NB 
TNT 
24DNT 
26DNT 
2NT 
3NT 
4NT 

D:\CT0760 1 \WP 1 \TAB9-3 
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TABLE 9-4 

INORGANIC (METALS, CYANIDE) LIST 

Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Thallium 
Tin* 
Vanadium 
Zinc 
Cyanide 

* Tin included for soil samples. 

D:\CT07601\WPl\TAB9-4 
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as well as background surface soil samples at the DR will be analyzed for dioxins (PCDD) 
and furans (PCDF) as listed in Table 9-8. 

9.3.3 EauiDment 

The following equipment and material will be used during surface soil sampling: 

1. Stainless steel hand trowels. 
2. Water, distilled/deionized. 
3. lsopropanol (decon spritz). 
4. Five-gallon pail with cover to contain isopropanol rinses. 
5. Cleaning brushes. 
6. Stainless steel spoons. 
7. Stainless steel putty knife. 
8. Large stainless steel bowls. 
9. Sample containers as indicated in Table 9-5. 
10. Sample labels. 
11. Lath/stakes. 
12. Indelible pens. 
13. Survey flagging. * 
14. Liquinox. 
15. Shovel. 
16. Camera and film. 
17. Garbage bags. 
18. Munsell Color Chart. 

9.3.4 procam 

Surface (0 to 6 inches) soil samples will include grab and composite samples collected 
consistent with Halliburton NUS SOP GH-1.3, Section 5.2 (Appendix A). Plant material or 
gravel will be cleared away with a shovel prior to surface soil sample collection. A 
decontaminated stainless steel hand trowel will be used to collect soil samples. Each 
sample will be classified according to the Unified Soil Classification System (USCS) and 
assigned a color according to a Munsell Soil Color Chart consistent with Halliburton NUS 
SOP GH-1.5 (Appendix A), and examined for obvious signs of contamination (staining, 
etc.). Subsamples collected for compositing will be placed in a stainless steel mixing bowl 
and stirred until a homogeneous mixture is obtained. The soil mixture will be divided into 
quadrants and small samples will be taken from each quadrant and placed in appropriate 
sample jars. Grab samples will be collected, described, and placed directly in appropriate 
sample jars. The containers and sample volumes required are listed in Table 9-5. 
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TABLE 9-5 

SAMPLE CONTAINERS, VOLUMES, PRESERVATION, AND HOLDING TIMES 

Matrix 

Soil/ 
Sediment 

Pararmsb 

voc 

svoc 

Metals 

Cyanide 

Explosives 

NO*+NO, 

Container Preservation 

Two 60-ml 
septum-seal wide- 
mouth glass jars 

One 8-0~. wide 
mouth glass jar 

One 8-0~. wide 
mouth glass jar 

One 8-0~. wide 
mouth glass jar 

One 4-0~. wide 
mouth glass jar 

One 4-0~. wide 
mouth glass jar 

Dioxin, Furans One 4-0~. wide 
mouth glass jar 

Groundwater/ voc Two 40-ml 
Surface Water septum-seal 

glass vial 

svoc Two 1 -liter 
amber glass 

Metals One 1 -liter 
HDPE 

Cyanide One 1 -liter 
HDPE 

4°C 14 days 

4°C Extract in 7 days 
Analyze in 40 days 

4°C Mercury 28 days, 
All others 6 months 

4°C 14 days 

4°C Extract in 14 days 
Analyze in 40 days 

4°C 28 days 

Extract in 30 days 
Analyze in 45 days 

after collection 

I:1 HCI, 
pH <2,4”C 

14 days 

4°C Extract in 7 days 
Analyze in 40 days 

1:l HNO,, Mercury 28 days, 
pH <2,4”C All others 6 months 

Holding 
Time 

NaOH, pH >12, 
4°C 

14 days 
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TABLE 9-5 (Continued) 

SAMPLE CONTAINERS, VOLUMES, PRESERVATION, AND HOLDING TIMES 

Matrix Parameter 

Groundwaterl Explosives 
Surface Water 
(Continued) 

Chloride 
Sulfate 
Alkalinity 
TDS 

COD 
N02+N03 

Tissue voc 

svoc 

Metals 

Cyanide 

Container PresewatiQn 

Two 1 -liter 4°C 
amber glass 

One 1 -Ilter 
HDPE 

4°C 

One 1 -liter 1 :I H,S04, 
HDPE pH <2,4”C 

Appropriate size 4°C 
wide-mouth glass 

jars or Ziploc 
bags 

Appropriate size 
wide-mouth glass 

jars or Ziploc 
bags 

4°C 

Appropriate size 
wide-mouth glass 

jars or Ziploc 
bags 

4°C 

Appropriate size 
wide-mouth glass 

jars or Ziploc 
bags 

4°C 

Holding 
Time 

Extract in 7 days 
Analyze in 40 days 

28 days 
28 days 
14 days 
7 days 

28 days 

14 days 

Extract in 7 days 
Analyze in 40 days 

Mercury 28 days 
All others 6 months 

14 days 
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TABLE 9-5 (Continued) 

SAMPLE CONTAINERS, VOLUM’ES, PRESERVATION, AND HOLDING TIMES 

Matrix Parmeter Preservatioq Container 
Holding 
Time 

Explosi\ies Appropriate size 
wide-mouth glass 

jars or Ziploc 
bags 

4°C Extract in 14 days 
Analyze in 40 days 

NO,+NO, Appropriate size 
wide-mouth glass 

jars or Ziploc 
bags 

4°C 

Note: HDPE = High Density Polyethylene 

28 days 
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9.3.5 
. 

Deco- 

Field sampling equipment contacting the soil sample will be decontaminated prior to use 
and between sample locations to avoid cross-contamination. The decontamination method 
is as follows: 

1. LiquinoxIwater wash 
2. Distilled or deionized water rinse 
3. lsopropanol rinse 
4. Distilled or deionized water rinse 

Decontamination will include disposal of the samplers’ gloves and other personal protective 
equipment which becomes grossly contaminated during sampling events. 
Decontamination practices, methods, and follow-up are addressed in Halliburton NUS SOP 
HS-02 (Appendix A). 

9.3.6 Quality Control 

Table 9-1 lists the samples needed for field quality control as detailed in the QAPP 
(Appendix C). Field duplicates will be collected at the same time and in the same manner 
as original samples. 

Field documentation will undergo a daily internal QC review. Original field forms will be 
reviewed by the Site QC Officer for completeness. 

9.3.7 

Soil sampling information and other observations made by the sampler during daily 
activities will be recorded on the appropriate field forms as included in Appendix A. This 
will include: 

1. Daily Activities Reports and/or Daily Time Logs 
2. Sample Log Sheets and/or Soils Data Forms 
3. Sample Labels 
4. Chain of Custody Records 
5. Photographs of Sampling Locations 

9.4 SURFACE WATER AND SEDIMENT SAMPLING 

Single one-time surface water and sediment samples will be collected to evaluate potential 
contaminant impacts to surface water bodies and drainageways adjacent to, and within, 
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the WVMUs. At the ABG, surface water sampling will also include springs identified as 
being hydraulically connected to ABG (Murphy, 1992a). 

9.4.1 

The sample locations are described in Tables 4-4 and 4-14 presented in Section 4.0 and 
shown on Figures 3-7 through 3-9, Figure 3-13, and Figure 3-16. Sample locations are 
within Little Sulphur Creek at the ABG, Boggs Creek at the DR, and Turkey Creek at the 
ORR. Additional sample’ locations include Springs A, B, C, 8, and 10. Actual sampling 
locations will be noted on sample log sheets with reference to permanent structures or 
other physical features. 

9.4.2 

,“,,’ “““, 

Surface water and sediment will be analyzed using USEPA approved methods and within 
holding time parameters dictated by the QAPP (Appendix C). Surface water samples will 
be analyzed in the field for specific conductance, pH, and temperature. Laboratory 
analysis will include VOCs, SVOCs, metals, cyanide, explosives, N02+N03, alkalinity, 
COD, S04, TDS, and chloride as summarized in Ta:ble 9-l. Sediment samples will be 
visually described in the field, and laboratory’analysis will include VOCs, SVOCs, metals, 
cyanide, explosives, and NO,+NO, as summarized in Table 9-l. In some cases, the 
parameters identified in Table 9-l represent those currently lacking in the analytical 
database established during previous sampling and analysis. Specific compounds are 
listed in Tables 9-2 through 9-4, and Tables 9-6 and 9-7. 

9.4.3 

The following equipment and materials will be used during surface water and sediment 
sampling: 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

Sample containers as indicated in Table 9-5. 
Sampling tube/split-spoon/mud auger. 
lsopropanol. 
Five-gallon pail with cover (to contain isopropanol or soap wash water). 
Alconox or liquinox soap. 
Cleaning brushes. 
Stainless steel bowls and spoons. 
Chest waders. 
pH meter. 

_,I 10. Thermometer. 
11. Indelible marking pens. 
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1. Chloromethane 
2. Bromomethane 
3. Vinyl Chloride 
4. Chloroethane 
5. Methylene Chloride 

6. Acetone 
7. Carbon Disulfide 
8. I,1 -Dichloroethene 
9. I,1 -Dichloroethane 
IO. 1,2-Dichloroethene (total) 

11. Chloroform 
12. 1,2-Dichloroethane 
13. 2-Butanone 
14. 1 ,I ,l-Trichloroethane 
15. Carbon Tetrachloride 

16. Bromodichloromethane 
17. 1,2-Dichloropropane 
18. cis-1 ,3-Dichloropropene 
19. Trichloroethene 
20. Dibromochloromethane 

21. 1,1,2-Trichloroethane 
22. Benzene 
23. trans-1,3-Dichloropropene 
24. Bromoform 
25. 4-Methyl-2-pentanone 

26. 2-Hexanone 
27. Tetrachloroethene 
28. Toluene 
29. 1,1,2,2-Tetrachloroethane 
30. Chlorobenzene 
31. Ethyl benzene 
32. Styrene 
33. Xylenes (total) 

Cowound 

EPA ID No. IN5 170 023 498 
NAVSURFWARCENDIVRAWP 
July 1995 

TABLE 9-6 

VOC LIST 
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TABLE 9-7 

WATER QUALITY ANALYTE LIST 

Analyk 

Chemical Oxygen Demand (COD) 

Total Dissolved Solids (TDS) 

Alkalinity 

Chloride (Cl) 

Sulfate (SO,) 

Nitrite+Nitrate Nitrogen (NO,+NO,) 
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TABLE 9-8 

DlOXlN/FUFtAN LIST 

1. 2,3,7,8-Tetrachlorodibenzo-p-dioxin 
2. 1,2,3,7,8-Pentachlorodibenzo-p-dioxin 
3. 1,2,3,6,7,8-Hexachlorodibenzo-p-dioxin 
4. 1,2,3,4,7,8-Hexachlorodibenzo-p-dioxin 
5. 1,2,3,7,8,9-Hexachlorodibenzo-p-dioxin 

6. 1,2,3,4,6,7,8-Heptachlorodibenzo-p-dioxin 
7. 2,3,7,8-Tetrachlorodibenzofuran 
8. 1,2,3,7,8-Pentachlorodibenzofuran 
9. 2,3,4,7,8-Pentachlorodibenxofuran 
10. 1,2,3,6,7,8-Hexachlorodibenzofuran 

II. I ,2,3,7,8,9-Hexachlorodibenzofuran 
12. 1,2,3,4,7,8-Hexachlorodibenzofuran 
13. 2,3,4,6,7,8-Hexachlorodibenzofuran 
14. 1,2,3,4,6,7,8-Heptachlorodibenzofuran 
15. 1,2,3,4,7,8,9-Heptachlorodibenzofuran 

16. 1,2,3,4,5,6,7,8-Octachlorodibenzo-p-dioxin 
17. 1,2,3,4,5,6,7,8-Octachlorodibenzofuran 

EPA ID No. IN5 170 023 498 
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July 1995 
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12. Paper towels. 
13. Samlple labels. 
14. Sample log sheets. 

9.4.4 procem 

Surface water samples for this investigation consist of grab samples. Samples will be 
collected bankside where possible or by wading into shallow water where practical. 
Surface water samples wibl be collected by immersing the sample container in the body of 
water consistent with Halliburton NUS SOP SA-1.2, Section 5.3.5 (Appendix A). After 
sample collection, field measurements of specific conductance, pH, and temperature will 
be made and recorded on the surface water sample log sheet. 

“,,. 

With the exception of macroinvertebrate surveys (Section 9.8.1.3), sediment samples for 
this investigation will consist of composite samples. Sediment samples colllected from Little 
Sulphur, Boggs, and Turkey Creek will each be comprised of three subsamples. Sediment 
subsamples for use in composittng will coincide to each bank and thIe center of the creek 
bed. Sediment samples collected from the sedimentation ponds at the DR will each be 
comprised of five subsamples. The sediment subsamiples will be collected from the 
perimeters of the ponds, within shallow water. 

Surface water samples will be collected prior to sediment samples at each location. 
Sediment subsamples will be collected by wading into the creek in a manner which will 
minimize the stirring up of creek-bed sediment by approaching the sc;ubsampiing location 
from the downstream direction. A stainless steel sampling tube or mud auger will be 
pushed or driven below the creek or pond bottom. After the sediment subsample is 
collected, it will be visually described with the appropriate data recorded on the sample log 
sheet. Subsamples collected for composlting will be handled according to procedures 
previously described for soil samples. 

9.4.5 

Field sampling equipment contacting the surface water or sediment sample will be 
decontaminated prior to use and between sample locations to avoid cross-contamination. 
The decontamination method is as follows: 

1. LiquinoxIwater wash 
2. Distilled or deionized water rinse 
3. lsopropanol rinse 
4. Distilled or deionized water rinse 
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Decontamination will include disposal of the samplers’ gloves and other personal 
protective equipment which become grossly contaminated during sampling events. 
Decontamination practices, methods, and follow-up are addressed in Mdliburton NUS SOP 
HS-02 (Appendix A). 

9.4.6 ontrol 

Table 9-l lists the samples needed for field quality control as detailed in the QAPP 
(Appendix C). Field duplicates will be collected at the same time and in the same manner 
as original samples. ._ 

Field documentation will undergo a daily internal QC review. Original field forms will be 
reviewed by the Site QC officer for completeness. 

9.4.7 . 
DwmentPtlon 

Surface water and sediment sampling information and other observations made by the 
samplers during daily activities will be recorded on the appropriate field forms as included 
in Appendix A. This will include: 

1. Sample Log Sheets (Surface Water and Sediment) and/or Surface Water/Sediment 
Data Forms 

2. Daily Activities Reports and/or Daily Time Logs 
3. Sample Labels 
4. Chain of Custody Records 

9.5 MONITORING WELL INSTALLATION 

Groundwater monitoring well installation will include subsurface soil sampling and rock 
coring to allow characterization of subsurface stratigraphy and ensure placement of well 
screens within targeted aquifers at ORR. Monitoring wells will be installed within each 
borehole to provide hydrogeologic characterization as well as groundwater chemistry data 
useful in assessing risk to human and environmental receptors. The installation of 
groundwater monitoring wells is intended to compliment existing monlitoring networks at 
each SWMU and to address risk assessment data needs not addressed during previous 
hydrogeologic investigations at the SWMUs. 
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9.5.1 
. 

Soil BoMsuusUW Locafma 

The locations of borings and wells are described in Table 4-21 and are shown on 
Figure 3-13 and Figure 3-16. The sample locations will be field identified prior to 
mobilization to the respectivcs SWMUs. Field conditions may necessittie relocation of an 
identified wetI location, as approved by the Project Manager. 

9.5.2 EawiDment 

Equipment and materials used during soil b$ng and well installation activities will include: 

1. A fully-equipped drill rig capable of: 

a. Accomplishing soil boring to an approximate 55-foot depth using standard 
4 l/4-inch hollow stem auger or wash rotary drilling techniques. 

b. Performing 2-inch and 3-inch (O.D.) continuous stainless steel and standard 
split-spoon sampling. 

c. Providing standard penetration test information for soils. 
d. Accomplishing rock coring (NX). 
e. Completing well installation. 

2. Fiberglass tape of adequate length to measure depth of boring. 
3. Electric water level indicator. 
4. Tap water. 
5. Munsell Soil Color Chart. 
6. Boring logs. 
7. Indelible marking pen and black ink pen. 
8. Sample labels. 
9. PhotoionizationMame ionization detector. 
10. Hard hat, safety glasses, and steel-toed boots. 
11. Wooden core boxes. 
12. Submersible pump or bailer. 
13. Garbage bags. 
14. Liquinox. 
15. Atmospheric Monitoring Log. 
16. pH, Conductivity Meter. 
17. Thermometer. 
18. Surge block 

9-l 0 



CLEAN CT0 #0076 
FlNAL 

EPA ID No. IN5 170 023 498 
NAVSURFWARCENDIV RA WP 
July 1995 

9.5.3 Procedum 

9.5.3.1 Drilling and Sampling Procedures 

Borings will be advanced using hollow stem auger or wash rotary techniques through 
unconsolidated soils to refusal (top of rock) consistent with Halliburton NUS Team SOP 
GH-1.4 (Appendix A). Soil borings/rock corings will be completed to anticipated depths as 
specified in Table 4-21. This will facilitate monitoring well installation within targeted 
aquifers. When soil borings cannot be continued using augers or rotary methods due to 
encountering bedrock, drilling and sampling will be performed using a diamond bit corer. 
Subsurface soil and rock will be collected utilizing split-spoon samplers or a diamond bit 
corer, respectiieiy. In unconsolidated soils, split-spoon samplers will be advanced ahead 
of the augers with an all-terrain vehicle (An/) or truck mounted drilling rig. The geologist 
will classify and log subsurface soils using USCS and a Munsell Soil Color Chart and 
maintain a complete soil boring log for each borehole consistent with Halliburton NUS SOP 
GH-1.5. The geologist will classify and log rock consistent with Hailliburton NUS SOP 
GH-1.5 (Appendix A). Particular attention will be paid to noting and describing fractures, 
bedding planes, joints, and brdsaks as this may become critical for understanding 
contaminant transport. Rock cores will be taken and stored in core boxes. 

In borings penetrating more than one aquifer, the upper aquifer will be sealed off before 
advancing the boring. Polyvinyl chloride (PVC) casing will be grouted a few feet into the 
aquitard stratum (usually shale) underlying the upper zone and allowed to set overnight. 
Downhole drilling equipment will be decontaminated before advancing into the next aquifer. 
In borings penetrating three aquifer zones, an 8-inch surface casing will be followed by 
6-inch casing inthe next deeper zone, and finally an open hole in the lower zone in which 
the 2-inch monitoring well casing and screen are set. 

Atmospheric monitoring will be performed in the breathing zone for volatile organics with 
a flame or photoionization detector in accordance with the site-specific Health and Safety 
Plan (Appendix B). Instrumentation will be calibrated in accordance with manufacturers 
specifications. Monitoring equipment directives are included in Haliliburton NUS SOP 
ME-01 (Appendix A), which addresses HNU PI-101 organic vapor meters, and Halliburton 
NUS SOP ME-02 (Appendix A), which addresses OVA 128 organic vapor analyzers. 

9.5.3.2 Well Installation Procedures 

Groundwater monitoring wells will be installed at all boring locations. Wells may be 
completed within either unconsolidated soils or bedrock consistent with Halliburton NUS 
SOP GH-1.7 (Appendix A). The minimum borehole diameter for well installation will be 
3-718 inches. Monitoring wells less than loo-feet deep will be constructed of 2-inch (I.D.), 
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flush-threaded, Schedule 40 PVC riser and O.OlO-inch slot screen. Monitoring wells 
greatec than 100 feet deep will be constructed of Schedule 80 PVC riser and screen. For 
monitoring wells targeted to intersect the water table, 1 O-foot screens will be installed such 
that approximately 7 feet is below the water table and 3 feet is above the water table. 
Screened intervals may be adjusted in order to effectively monitor the targeted aquifer 
based on stratigraphic conditions encountered. Well instaliations targeted for deeper 
aquifers will be installed with Moot screens. Well construction materials will meet the 
criteria specified in Halliburton NUS SOP GH-1.7 (Appendix A). 

Wells will be labeled with an indelible marker! and surveyed upon completion of the drilling 
program. Locations and elevations of the monitoring wells will be surveyed to State Plane 
coordinates and National Geodetic Vertical Datum (NGVD) respectively. Locations will be 
surveyed to the nearest 0.1 foot, and top of pipe and ground surface elevations will be 
surveyed to the nearest 0.01 foot. 

,s “” “’ 

Wells will be developed no sooner than 24 hours after completion of well construction, 
consistent with well development methods and procedures addressed in Halliburton NUS 
SOP GH-1.7 (Appendix A). Well development will consist of pumping the well using a 
submersible pump or bailer. Intermittent surging will be performed using a bailer or pump, 
if appropriate, to aid in removal of fine-grained material. Well development will continue 
until at least five well volumes have been removed and the water being removed from the 
well has the following characteristics: 

. Water temperature is stabilized to kO.SOC. 
l pH is stabilized to 20.1 units. 
l Conductivity is stabilized to +I0 percent. 

Field instruments will be calibrated before use according to operation manuals. The 
calibration results will be recorded on Equipment Calibration Logs and/or Instrument 
Calibration Logs as included in Appendix A. 

9.5.4 

To ensure that analytical chemical resuks reflect actual field conditions and concentrations, 
various equipment must be properly decontaminated. Upon arriving at the site and prior 
to initiation of the drilling program, drilling equipment involved in field sampling activities 
shall be decontaminated by steam cleaning at a predetermined location at each SWMU. 
The drill rig and all boring and monitoring well construction equipment will be steam- 
cleaned prior to set-up at a location, between each monitoring well, and before leaving the 

,,’ SWMU. The use of various decontamination areas is critical because of the large size of 
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the investigation area. Decontamination of drill rigs and monitoring well materials is 
addressed in Halliburton NUS SOP OH-1 6 (Appendix A) and Section 13.0 of this RA WP. 

Table Q-l lists the samples needed for field quality control as detailed in the QAPP 
(Appendix C). Field duplicates will be collected at the same time and in the same manner 
as original samples. 

Field documentation will undergo a daily internal QC review. Original field forms will be 
reviewed by the Site QC Officer for com,pleteness. 

9.5.6 

Subsurface sampling information and other observations made by the sampler during daily 
actiiies will be recorded on the appropriate field forms as included in Appendix A. This 
will include: 

1. Daily Activities Reports and/or Daily Time Logs 
2. Boring Logs and/or Soil Boring Log w/Atmospheric Monitoring 
3. Monitoring Well Sheets (Overburden and Bedrock) and/or Monitoring Well 

Installation Diagram 
4. Sample Labels 
5. Chain of Custody Records 
6. Groundwater Sample Log Sheets (Purge Data) and/or Well Development Forms 
7. Air Monitoring Form and/or Atmospheric Monitoring Log 

9.6 GROUNDWATER SAMPLING 

9.6.1 

One round of groundwater sampling will be conducted from all newly installed and select 
existing monitoring wells at each SWMU. The monitoring wells to be sampled are specified 
on Tables 4-12,4-l 3,4-20,4-21, and 4-26 within Section 4.0 and shown on Figures 3-7 
through 3-9, Figure 3-13, and Figure 3-16. Groundwater samples will be analyzed for 
VOCs, SVOCs, explosives, metals, cyanide, chloride, sulfate, alkalinity, COD, TDS, and 
NO,+NO, as summarized in Table Q-l. 

9.6.2 

The following equipment will be used for groundwater sampling: 
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1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
IO. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 

Keck pump. 
Electric water level indicator or water level popper. 
Field notebook. 
Thermometer. 
Conductivity meter. 
pH meter and calibration buffer solutions. 
Tap water, distilled or deionized water, and isopropanol. 
Five-gallon pail with cover for collecting and storing isopropanol rinses. 
Liquinox detergent. 
Plastic sheeting. 
Sample bottles and preservatives as listed in Table Q-5. 
Bailer and rope. 
Sample labels. 
Groundwater sample log sheets. 
PhotoionizationIflame ionization detector. 
Calculator. 
Pump decontamination tube and tray. 
Garbage bags. 

9.6.3 P~~ceUm 

EPA ID No. IN5 170 023 498 
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Chemical sampling equipment will be transported into the field in clean plastic containers. 
Equipment removed from the containers will be placed upon clean plastic sheets in order 
to minimize contamination from ground surface. New sheeting will be used .for each 
sampling location. 

Groundwater sample acquisition will be consistent with Halliburton NUS SOP SA-1 .I 
(Appendix A). Prior to purging, the water level, the initial pH, conductivity, and temperature 
in the well will be measured. Monitoring wells will then be purged in order to collect 
samples representative of geochemical conditions. Prior to conducting purging 
procedures, static water levels in the wells will be measured and recorded. A minimum of 
five well volumes will then be removed from the monitoring wells through the use of a 
submersible pump or bailer. If well recharge rates are insufficient to conduct continuous 
pumping, the wells will be pumped dry, and a sample will be obtained soon after recharge. 

,I”“’ 

Pumps used in the purging process will be fitted with a backflow check valve to prevent 
purge water from flowing back into the well. During the purging process, selected chemical 
and physical characteristics of the purge water will be monitored. These characteristics 
include visual turbidity, conductivity, pH, and temperature. Field meters will be calibrated 
according to the procedures in the manufacturer% operation manuals. Results of 
calibration will be recorded on Equipment Calibration Logs and/or Instrument Calibration 

9-14 



CLEAN CT0 #IO076 
FINAL 

EPA ID No. IN5 170 023 498 
NAVSURFWARCENDIV RA WP 
July 1995 

Logs as included Appendix A. Required purge volumes will be calculated consistent with 
Halliburton NUS SOP SA-1 .l, Section 5.3 (Appendix A). 

Groundwater samples will be collected from the monitoring wells following the purging 
process. Samples will be collected within 24 hours of well purging, with the exception of 
those wells where recovery from the purging process exceeds 24 hours. Groundwater 
samples will be collected using a submersible pum,p or baiter. Sample containers and 
preservatives to be used are listed in Table 9-5. 

9.6.4 ._ 

Decontamination procedures are detailed in Halliburton NUS SOP HS-02 (Appendix A). 
The Keck pump exterior will be cleaned between each use by: 1) a soap and water wash, 
2) a tap water rinse, 3) an isopropanol rinse, and 4) two distilled or deionized water rinses. 
Five gallons of distilled or deionized water will then be pumped through the submersible 
pump before the next sample is collected. The soap and isopropanol rinses will be 
retained in closed containers for discharge to the base wastewater treatment system. 

9.6.5 Quality Contra! 

In order to verii the quality of the sampling process, sample, rinsate and field blanks and 
duplicates will be collected as listed in Table Q-l and detailed in the QAPP (Appendix C). 
Field duplicates will be taken as the second sample collected consecutively from one well 
using the decontaminated submersible pump. 

Field documentation will undergo a daily internal QC ,review. Original field forms will be 
reviewed by the Site QC Officer for completeness. 

9.6.6 

Data collected and observations made during groundwater sampling will be recorded on 
the appropriate field forms as included in Appendix A. This will include: 

1. Daily Activities Reports and/or Daily Time Logs 
2. Groundwater Sample Log Sheet and/or Well Purging and Sample Collection Forms 
3. Equipment Calibration Logs and/or Instrument Calibration Logs 
4. Sample Labels 
5. Chain of Custody Records 
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9.7 TISSUE SAMPLING PLANS 

Vegetation and wildlife tissue samples will be collected to determine if the contaminants 
of concern are present in living tissue and represent potential sources for bioaccumulation 
of contaminant materials. This is important to the overall evaluation of the potential for 
transport of contaminants through the ecological food chain at and surrounding the 
individual SWMU sites. Tissue samples will be collected from vegetation ‘and wildlife 
species located upgradient, at, and downgradient of the ABG, ORR, and DR sites. A 
maximum of 75 tissue samples, to include both aquatic and terrestrial tissue samples will 
be collected. ._ 

/,,, ” 

The wildlife tissue samples as currently planned will be one time sample acquisitions. The 
individual tissue sampling event is a “snapshot” of the site contaminant concentrations. 
Based on the immediate need to characterize the ecological exposure to contaminants, the 
program, as described, should provide adequate information for the purposes of 
characterization. For purposes of efficiency and cost effectiveness, the range of sample 
concentration variation obtained for the one sampling interval will be considered to be 
characteristic of “ambient” site conditions. Additional sampling events could be scheduled 
for this program but, at present, we do not anticipate this additional requirement. 

9.7.1 

The physical locations as well as the number of samples collected will be determined 
based on the field work conducted as part of the Ecolwical Population Surveys described 
in Section 9.8. Since most of the ABG and the DR sites have been severely disturbed as 
a result of the demolition activities, sample sites adjacent to these areas will be used to 
obtain tissue samples. In addition, control sites outside the areas of influence of the three 
SwMUs will be selected for background tissue sample collection. The individual field 
sample locations will be identified prior to the sampling activity. Actual sampling locations 
will be noted on sample log sheets with reference to permanent structures or other physical 
features. 

9.7.2 

The following sampling equipment and materials will be used during the surface vegetation 
and wildlife tissue sampling: 

,,. 

1. Glass sample containers. 
2. Sterile disposable dissecting equipment. 
3. Isopropanol. 
4. Large plastic bags (l-2 mil thickness). 
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5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 

Five-gallon plastic pail with cover (for isopropanol or liquinox soap wash. 
Liquinox soap. 
Cleaning brushes. 
Stainless steel trays and spoons. 
Paper towels. 
Indelible marking pens. 
Sample labels. 
Sample log sheets. 
Disposable surgical aprons. 
Sample collection bags and tags. __ 
Tape recorder/tape. 
Camera and film. 

9.7.3 P=eWm 
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Vegetation and wildlife tissue samples to be collected as part of the ecological exposure 
assessment investigatio’n will consist of grab samples that will be located as close as 
possible to previously collected soil, sediment and water samples for cross referencing of 
data. The vegetation tissue samples will be collected by collecting herbacmus vegetation 
known to be a forage source for indigenous wildlife species. Samples will include foliage, 
fruits, and mast materials as appropriate to the season of sampling. The location and type 
of sample will be noted at the time of collection on the sample log sheet. 

Wildlife tissue samples to be collected for this investigation will consist of grab samples. 
Aquatic samples will be limited to fish species representing various aquatic trophic levels. 
Fish will be obtained using either seining or electrofishing techniques to obtain samples 
which will be then bagged and immediately placed in ice coolers. Terrestrial wildlife tissue 
samples will be obtained from small mammals using live-trapping procedures. Animals 
selected for tissue analysis will be sacriiced in closed sample containers in a carbon 
dioxide rich atmosphere. After expiration, the animals will be bagged, labeled, and 
immediately placed on ice in coolers. Where possible, intermediate mammal species will 
be collected in the same manner and bagged, labeled, and placed on ice for shipment to 
the analytical laboratory. Large mammal species may consist of species which have been 
struck by vehicles at or near the individual SWMUs. Road kills coincidentally occurring 
during the course of the field program may be considered as candidates for tissue 
samples, Alternatively, large mammal (such as deer) tissue specimens may be obtained 
at the hunter check station on the installation if the animal was obtained near the individual 
SWMUs under study. Obtaining tissue from large mammals may present logistic or 
validation difficulties and will be evaluated further as part of this program. 
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For intermediate and large wildlife species, selective tissue removals may be required as 
part of the program. If required, removal of tissue such as liver, kidney or muscle tissue, 
(potential bioaccumulation sites) may be conducted. If required, this dissection and tissue 
removal will be conducted at the installation as soon as possible after obtaining the tissue, 
and the sele&ed org’ains will be labeled and placed on ice for shipment under chain of 
custody to the analytical laboratory for analysis as summarized in Table Q-l. 

9.7.4 

All field sampling equipment contacting the vegetation or wildlife tissue materials will be 
decontaminated prior to use and between sample locations to avoid cross contamination. 
The decontamination method is as follows: 

1. Liquinox wash 
2. Distilled or deionized water rinse 
3. lsopropanol rinse 
4. Distilled or deionized water rinse 

Decontamination will include the sampler’s gloves and any other equipment or areas which 
become grossly contaminated during sampling events. Decontamination practices, 
methods, and follow-up are addressed in Halliburton NUS SOP HS-02 (Appendix A). 

9.7.5 QualSty cam 

Table Q-l lists the samples needed for field QC as detailed in the QAPP (Appendix C). 
Field duplicates will be collected at the same time and in the same manner as the original 
samples. Field duplicates will undergo a daily QC review after completion of the days’ field 
activities. Original field forms will be reviewed by the Site QC officer for completeness. 

9.7.6 

Both the surface water and the sediment sample information and any other observations 
made by the samplers during the daily activities will be recorded on the appropriate field 
forms as included in Appendix A. This may include: 

1. Sample Log Sheets (Vegetation and Wildlife Tissue Samples) 
2. Daily Activities Reports 
3. Sample Labels 
4. Chain of Custody Records 
5. Photographs of Sample Locations 
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9.8 ECOLOGICAL POPULATION SURVEY PLANS 

An ecological population survey of the three SVWlUs is needed to fill a significant site 
specific data gap concerning the ecological relationships at, and affected by, the continued 
operation of the ABG, ORR, and the DR sites. The follolwing ecological population survey 
plan is a general assessment of the aquatic and the terrestrial ecosystems in the area of 
the three SwMUs and the surrounding site environs. 

9.8.1 UWQg 

An aquatic survey will be conducted to characterize the macroinvertebrate and fish 
communitiis which couM potentially be impacted by the continued operation of the ABG, 
ORR, and DR sites. Macroinvertebrate and fish species information will be collected. 

9.8.1 .I Sample Locations 

Macroinvertebrate and fish surveys will be conducted to evaluate water bodies and 
drainageways upgradient, at and downgradient of the ABG, ORR, and DR sites (three 
locations each, total nine macroinvertebrate stations). Current site conditions will be 
determined for sample locations established along Little Sulphur Creek and Springs A, B, 
and C (ABG), and along Turkey Creek and Boggs Creek in the vicinity of the ORR and the 
DR sites (Figures 3-7 through 3-9, and Figure 3-13). Three additional sampling stations 
outside of the influence of the ABG, ORR, and DR sites will be established for population 
and species survey comparisons. 

Two samples will be collected from each of three stormwater runoff ponds draining the 
ORR and the DR sites. Two additional ponds will be sampled for use as background 
species information. Wherever possible, the macroinvertebrate sampling station will be 
located near the stations used for the surface water and sediment sampling stations. 

The individual field sample locations will be identified prior to the sampling activity. Actual 
sampling locations will1 be noted on Sample Log sheets with reference to permanent 
structures or other physical features. 

9.8.1.2 Equipment 

The following sampling equipment and materials will be used during the surface 
macroinvertebrate and fish sampling: 

1. Ponar or Eckman dredge. 
2. D-frame kick net. 
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3. Plastic ziplock bags for sediment samples. 
4. Sieves. 
5. Chest waders/hip boots. 
6. Square shovel. 
7. Buoket auger/sample tube. 
8. Munsell Color Charts. 
9. Knife. 
10. Lath and flagging: 
11. Meas.uring tape. 
12. Six foot folding ruler. ._ 
13. Hammer. 
14. Camera and film. 
15. Field notebook. 
16. Macroinvertebrate taxonomic key. 
17. Isopropanol(70%) preservative. 
18. Plastic pail(s) with cover. 
19. Freshwater fish keys. 
20. Gill nets. 

” ,,1 21. Seine nets. 
22. Sm!ith-Root Type IV Backpack electroshocker. 
23. Sample jars. 
24. Specimen labels. 
25. Paper towels. 
26. Decon solution. 
27. Sample Log sheets. 

9.8.1.3 Procedures 

The macroinvertebrate samples will be collected just upstream from quantitative surface 
water and sediment sampling locations (Section 9.4) to exclude potential sampling 
disturbance when collecting the benthic samples. 

Sediment materials will be collected using Ponar or Ekman Dredge, or alternatively will be 
collected using a decontaminated shovel from a I/IO m2 area of the b&tom sdiments for 
each of these locations. The collected sediments will be placed in plastic bags, labeled and 
70 percent isopropanol will be added to each sample bag as a presen&ttive. The samples 
will then be packaged with chain of custody documentation for shipment to the analytical 
laboratory for taxonomic determination of the species composition of the collected 
specimens. 
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The fish fauna will be sampled at the same sampling stations used for the 
macroinvertebrate collection. However the time of sampling will be adjusted to occur after 
the macroinvertebrate samples are collected and at such time as the water body has had 
a chance to return to ambient (relatively undisturbed) site conditions. Where stream 
confirmation permits, upstream and downstream nets will be placed in the stream to 
compartmentalize the individual sampling segments. After the nets am placed, the field 
investigator will use the electrofishing backpack unit to collect the fish occurring within a 
given segment. The fish will be transferred to the plastic pail containing stream water and 
the individual species will be determined and counted. Any notable lesions or abnormalities 
which are observed will be noted at the time of the fish census activities. 

Sampling and survey practices, methods, and follow-up are addressed in Halliburton NUS 
SOP SA-4.1 (Appendix A). 

9.8.1.4 Decontamination 

All field sampling equipment contacting the macroinvertebrate or fish sampling equipment 
will be decontaminated prior to use and between sample locations to avoid cross 
contamination. The decontamination method is as follows: 

1. Liquinox wash. 
2. Distilled or deionized water rinse. 
3. lsopropanol rinse. 
4. Distilled or deionized water rinse. 

Decontamination will include the sampler’s gloves and any other equipment or areas which 
become grossly contaminated during sampling events. Decontamination practices, 
methods, and follow-up are addressed in Halliburton WUS SOP HS-02 (Appendix A). 

9.8.1.5 Data Evaluation 

The macroinvertebrates collected during the stream and pond survey will be identified to 
the lowest practical taxon and the Shannon-Weiner ind,ex will be calculated to provide an 
estimate of the benthic macroinvertebrate species diversity. 

The fish data collected as part of the survey program will be recorded and an indication of 
the individual species collected, the number per species, the location of collection and any 
additional observations concerning the fish fauna conditions will be made. 
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9.8.1.6 Quality Control 

Field notebooks, fHfld logs, field forms and any other field related sampliing information will 
undergo a peer review as a quality control check on the results of the aquatic survey. Field 
notebooks, or a photocopy of them, field forms and photographs taken will be relinquished 
to the Project Manager for storage in secured project files. Macroinvertebrate and fish 
identification information will be reviewed by a second group member to verify their validity. 

9.8.1.7 Documentation 

Macroinvertebrate and fish fauna sampling locations will be recorded on a large scale site 
map. Photographs of the sampling site locations will be taken at the time of the field 
program. Information recorded in the field notebook will include: 

l Type and location of macroinvertebrate communities sampled. 
l Type an’d location of fish fauna communities sampled. 
l Description of sediment characterization. 
l Description of any noted bank communities. 
l Hand drawn maps identifying approximate boundaries of sampled areas. 
l Signs of wildlife use of the area. 

A description of the field work will be recorded on daily time log forms. 

Fish identifications, wherever possible, will be entered into the field notebook or, if there 
is a taxonomic question, the type specimen sample identvcation number will be noted and 
once the taxonomic issue is resolved, the field notebook will be updated and the 
identification noted as a subsequent entry to answer a previous unknown identification. 

Both the surface water and the sediment sample information and any other observations 
made by the samplers during the daily activities will be recorded on the appropriate field 
forms as included in Appendix A. This may include: 

1. Sample Log Sheets (Vegetation and Wildlife Tissue Samples). 
2. Daily Activities Reports. 
3. Sample Labels. 
4. Chain of Custody Records. 
5. Photographs of Sample Locations. 
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9.8.2 . TerrestM Sum 

A terrestrial survey will be conducted to characterize the vegetation, avifauna, mammal, 
amphibian and reptile communities which could potentially be impacted by the continued 
operation of the ABG, ORR, and DR sites. The amas whew the vegetaliion is surveyed will 
serve as the same area for collection of avifauna, mammal, amphibian and reptile species 
information. 

9.8.2.1 Sample Locations 

Since most of the ABG and the DR sites have been severely disturbed as a result of the 
demolition activities, sample sites adjacent to these areas will be used for ecological survey 
sampling. Control sites outside the areas of influence of the three SVVMUs will also be 
selected for background ecological characterization. Field sample locations will be 
identified prior to the sampling activity. Actual sampling locations will be noted on sample 
log sheets with reference to permanent structures or other physical features. 

At present, sampling locations north, east, south and west of the active SWMUs are being 
evaluated for field survey ecologi=l investigatiins. Control areas outside of the influence 
of the ABG, ORR, and DR sites will be selected for ecological population and species 
survey comparisons. Control areas will be selected possessing the same dominant 
vegetation cover types to provide comparable populatiin information. 

9.8.2.2 Equipment 

The following sampling equipment and materials will be used during the terrestrial sampling 
program: 

1. Large scale site map. 
2. Lath and flagging. 
3. Hammer. 
4. 100 foot measuring tape. 
5. Compass. 
6. Vegetation taxonomic keys. 
7. Vegetation transect sampling forms. 
8. Bird taxonomic keys. 
9. Bird transect sampling forms. 
10. Mammal taxonomic keys. 
11. Mammal transect sampling forms. 
12. Amphibian and Reptile taxonomic keys. 
13. Amphibian and Reptile transect sampling forms. 
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14. Plant press. 
15. Field notebook and pens. 
16. Camera and film. 
17. Hip boots or chest waders. 
18. Binoculars. 
19. Small and intermediate live traps. 
20. Knife. 
21. Spotlight. 
22. Flashlight. 
23. Sampling bags, plastic, zipper lock. 
24. Indelible markers. 

._ 

25. Sampling Labels. 
26. Ice cooler with Ice. 
27. Chain of custody forms. 

9.8.2.3 Procedures 

Survey 

A vegetation survey will be conducted in the dominant vegetation communities adjacent 
to each of the A&G, ORR, and DR sites. The vegetation survey locations will be marked 
with lath, stakes or engineering flagging. Vegetation strata to be sampled include the 
overstory, understory and herbaceous ground cover strata. The nested-plot technique will 
be used to sample the vegetation. Information including species presence, species density, 
species dominance and species importance value will be obtained from measurements 
made of each strata within the individual sampling areas. The information will be recorded 
in the site field notebook. In addition, a qualitative vegetation sampling area description 
sheet will be filled out for each of the sampling areas to provide additional information 
concerning the species presence or absence from each sampling area. 

As part of the vegetation sampling, attention will be directed toward identifying observable 
indications of stressed vegetation from within the individual sampling areas. A key species 
which may serve as an indicator of airborne contaminant transport from the SWMUs is 
lichens. Both crustose and foliose lichens serve as differential integrators of heavy metals 
and other air toxic materials. The presence and condition of lichens within and outside the 
area of SWMU influence will be noted and may serve as an indicator of the extent of 
migration of contaminants off-site and their subsequent effects to the indigenous 
vegetation. 
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The avifauna of the individual SWMUs will be evaluated by using bird censusing 
techniques including a bird transect. This method involves walking the transect at dawn 
and at dusk on three consecutive days recording any birds observed or heard calling 
during that interval. As needed, a handheld tape recorder will be used to document the 
calls heard. At the completion of the bird transect survey, the recorded calls will be 
documented in the field notebook. Any calls not known will be retained and checked 
against known reference bird call tapes to determine the unknown species. Once 
identified, the identified former unknown species will be recorded with appropriate notation 
in the field notebook for future reference. 

Small mammal populations in the individual survey communities will be censused using 
live-traps placed in traplines. A total of 40 points will be used for a trapline with two 
livetraps set at each station. Station distances will be adjusted to assure that the small 
mammal trapping takes place within the same vegetation community. A total of three 
nights will be used for conducting the small mammal survey. Individual species will be 
observed, identifying the individual species captures, the sex of the animal and the 
reproductive condition of each animal caught will be recorded. This information will assist 
with the determination of the individual species abundance as well as the number of 
distinct species within the indiviiual vegetation community censused. This survey will be 
conducted within and outside of the influence of the three SWlMUs for comparison 
purposes. 

Amphibian and reptile species will be censused by conducting a walk-over of the areas 
used for the vegetation, bird and mammal studies to provide consistent population 
information for these groups of organisms. By their very nature these species are covert 
in their habits and as a result, in addition to a walk-over survey species in this group will 
be noted when and where observed throughout the field program. In this way, the 
likelihood of encountering representative species from these groups is increased. 
Sampling and survey practices, methods, and follow-up are add,ressed in Halliburton NUS 
SOP SA-4.2 (Appendix A). 
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9.8.2.4 Decontamination 

All field sampling equipment contacting the terrestrial samples will be decontaminated prior 
to use and between sample locations to avoid cross contamination. The decontamination 
method is as follows: 

1. Liquinox wash. 
2. Distilied or deionized water rinse. 
3. lsopropanol rinse: 
4. Distilled or deionized water rinse. .- 

Decontamination will include the sampler’s gloves and any other equipment or areas which 
become grossly contaminated during sampling events. Decontamination practices, 
methods, and follow-up are addressed in Halliburton NUS SOP HS-02 (Appendix A). 

9.8.2.5 Data Evaluation 

Field observations and habitat information gathered during the field investigation will be 
used to produce a community map for the survey area. A list of species identified for each 
community will be presented. Where endangered or threatened species have been 
identified as occurring in one of the sampled communities, the species habitat 
requirements for such species will be compared to the community maps and descriptive 
site information. Endangered or threatened species likely to be present in areas affected 
by the continuing demolition activities will be identified. The impact of the continuing 
operation of the SWlMUs on the ecological components of the surrounding ecological 
communities will be assessed based on likely expoapure pathways or identifbd pathways 
based on the vegetation and wildlife tissue analysis studies conducted as part of this 
program. A diagram defining the specific site-related ecological pathways will be developed 
based on the results of the field and analytical survey programs conducted as part of this 
study. 

9.8.2.6 Quality Control 

Field notebooks, field logs, field forms, and other field-related sampling information will 
undergo a peer review as a quality control check on the results of the aq,uatic survey. Field 
notebooks, or a photocopy of them, fieM forms, and photographs taken will be relilnquished 
to the Project Manager for storage in secured project files. Field sampling date including 
habitat characterizations and individual area species list information wiall be reviewed by a 
second group member to verify their validity. 
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9.8.2.7 Documentation 

Terrestrial vegetation survey sampling locations will be recorded on a large-scale site map. 
Photographs of the sam~pling site locations will be taken at the time of the field program. 
Information recorded in the field notebook will include: 

l Plant species present in each sampled community. 
l Relative density of the canopy understory and ground cover layers. 
l Relative soil moisture. 
l General topography. 
l Observations of stressed vegetation. 
l Signs of wildlife and area use by wildlife. 
l Hand drawn maps of the general extent of each community. 

Bird observations will be identified on a large-scale site map. Information recorded in the 
field notebooks will include: 

. Species of birds observed, both audible and visual. 
l Location of survey transect. 
l Other signs of wildlife and area use. 

Cassette tapes recorded as part of the survey will be included as part of the transect file 
infom?ation. 

Mammal and amphibian/reptile observations will be identified on a large-scale site map. 
Information recorded in the field notebooks will include: 

l Species observed, visual. 
l Location of survey transect. 
l Other signs of wildlife and area use. 

General observations noted will include: 

l Description of habitats characterization. 
l Description of any noted endangered or threatened species. 
l Description of any noted sensitive or ecologically unique communities. 
l Hand drawn maps identifying approximate boundaries of sampled areas. 
l Signs of wildlife use of the area. 

A description of the fieM work will be recorded on Daily Activities Reports and/or Daily Time 
Logs. 
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Plant and wildlife identifications wherever possible will be entered into the field notebook 
or, if there is a taxonomic question, the type specimen sample identiication number will be 
noted and once the taxonomic issue.is resolved, the field notebook will be updated and the 
identification noted as a subsequent entry to answer a previous unknown identification. 

Both the vegetation and wildlife sampli’ng information and any other observations made by 
the samplers during the daily activities will be recordled on the appropriate field forms as 
included in Appendix A. This may include: 

1. 
2. 

Sample Log Sheets (Vegetation and Wildlife Tissue Samples). 
Daily Activities Reports. 

3. Survey result field sheets (unique to species sampled). 
4. Sample Labels. 
5. Chain of Custody Records. 
6. Photographs of Sample Locations. 

9.8.2.8 Threatened and Endangered Species Surveys and Observations 

/, As an integral portion of the ecological site survey work to be conduoted at the ORR, the 
ABG and the DR, specific attention will be directed at the presence or absence of any state 
or federally listed threatened or endangered wildlii or plant species found to occur on-site. 
The feld investigators will have with them in the field, lists of threatened and endangered 
(T&E) species known to occur on the facility. In addition, information concerning the 
taxonomic identificati’on of protected species will be taken to the field to assist in the 
identification of any potential T&E species sitlngs. Where possiible, field surveys in which 
a potential sensitive species is identified will include photographic documentation of 
species occurrence and notations as to location, time, and site conditions under which the 
observation was made. This information will be communicated to the 
NAVSURFWARCENDIV and to the responsiblle state or federal agency responsible for the 
individual species. Two specific surveys for T&E sipecies will be conlducted including 
survey work for the federally protected Indiana Bat (Myotis sodalis) and for the fanshell 
mussel (Cyprogenia stegaria) and the rough pigtoe mussel (Pleurobema plenum). Surveys 
for T&E species will be coordinated with the state representatives of the US. Fish and 
Wildlife Service. The Bald Eagle, a resident at the i’nstallation, will not be surveyed for 
since it is under intensive observation and surveillance by NAVBURFWARCENDIV 
installation wildlife resource specialists. 
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9.9 SURFACE WATER AND GROUNDWATER HYDRAULIC CHARACTERIZATION 

9.9.1 

Staff gauges will be installed in Little Sulphur, Turkey, and Boggs Creeks to serve as 
surface water level measurement points. These points will serve as additional control 
when integrated with groundwater level measurements obtained from well installations. 

9.9.1 .I Staff Gauge Locations 

Staff gauges will be installed at locations shown on Figures 3-7 through 3-9, and 
Figure 3-l 3. 

9.9.1.2 Equipment 

The following equipment will be used for staff gauge installation: 

1. Porcelain enameled steel staff gauges labeled in O.l-foot increments. 
2. Sledge hammer and/or post driver. 
3. Chest waders. 
4. Bracket fasteners, wire, nuts, and bolts. 
5. Steel fence posts. 
6. Camera and film. 

9.9.1.3 Staff Gauge Installation Procedures 

The staff gauges will consist of 2-IMnch wide steel staff gauges, finished with porcelain 
enamel, graduated to hundredths and marked at every foot and every tenth of a foot. The 
gauges will be located near midstream if accessible. The 3-M&foot gauges sections will be 
bolted to steel fence posts through grommeted holes and driven into place using a sledge 
hammer or post driver. Gauges will be placed to allow water levels to be read from the 
stream bank. The locations and top of gauge elevation for each gauge will be surveyed 
to tolerances specified for the groundwater monitoring wells. Surface water elevations will 
be recorded to the nearest O.l-foot at the time of installation. Stream level measurements 
will be taken when groundwater levels are taken, so that groundwater and surface water 
levels can be integrated. 

9.9.1.4 Decontamination 

No decontamination of the staff gauge equipment is necessary. 
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9.9.1.5 Quality Control 

Field documentation will undergo a daily internal QC review after completion of the days’ 
field activities. Origin’al field forms will be reviewed by the Site QC Officer for 
completeness. 

9.9.1.6 Documentation 

Data collected and observations made during the installation of staff gauges will be 
recorded on appropriate field forms as included in Appendix A. This will include: 

1. Daily Activities Report and/or Daily Time Logs 
2. Sample Log Sheets and/or Staff Gauge Information Forms 
3. Photographs of staff gauge locations 

Water level measurements (Halliburton NUS SOP GH-2.5 (Appendix A)) will be taken after 
installation of the monitoring wells and after well development. One round of water level 
measurements will be collected from the newly installed and existing monitoring wells and 
from the surface water staff gauges. All water level measurements for a SWMU will be 
collected within a 24-hour period. Weather conditions at the time of measurement and well 
integrity will also be noted. Static water levels and well depths will be measured and 
recorded for the purpose of determining the groundwater flow directions and horizontal 
hydraulic gradients at the site. The water level surface will be measured using a popper 
or electric water level indicator. Each well will have a reference point (notch in the top of 
the protective outer casing) from which water level measurements will be taken. 
Measurements will be noted to the nearest O.Ol-foot. A reference point elevation on the 
well and staff gauges will be established by survey with respect to the NGVD, with an 
accuracy of O.Ol-foot. Water level measurements will be recorded on Groundwater Level 
Measurement Sheets and/or Water Elevations Forms as included in Appendix A. 
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9.10 FIELD SCHEDULE 

The proposed field schedule is discussed in Section 16.0. The field schedule has been 
developed to accomplish the proposed field investigation using an efficient and cost- 
effective strategy. Mobilization, sampling sequences, and field team responsibilities have 
been planned to maximize efficiency of personnel use, pre-mobilization arrangements, and 
field data prerequisites. The actual scheduling of field work and work plan implementation 
is contingent on Navy and EPA approval of the work plan documents. 

D:KT07601\WPl\SQ 
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10.0 SAMPLE IDENTIFICATION NUMBERS 

Each sample will be identified using the system described below. These numbers will be 
used to complete required sample documentation including sample labels, sample tags, 
and Chain of Custody Records. Documentation will be completed following guidelines 
provided in Halliburton NUS SOP SA-6.1 (Appendix A). Each field sample identification 
number will consist of a project identifier, the year, SWMU number, sample matrix, sample 
location number, and collection depth as follows: 

CR95-AABB-CC-DD 

Where: CR = project identifier for Naval Surface Warfare Center, Crane Division 
95 = 1995 Field Investigation 

AA = SWMU: 
03 = SWMU #03/10, Ammunition Burning Ground 
06 = SWMU #06/09, Demolition Range 
07 = SWMU #07/09, Old Rifle Range 

BB = sample matrix: 
GW = Groundwater Sample 
SD = Sediment Sample 
SS = Soil Sample 
SW = Surface Water Sample 
VT = Vegetation Tissue 
WT = Wildlife Tissue 

CC = sample location number (numbered sequentially within each SWMU). 
In the case of existing monitoring wells, existing well numbers/ 
nomenclature will be used. 

DD = sample depth in feet: 
A = less than 2 feet below surface 
B = 2 to 4 feet 
C = 4 to 6 feet 
D =: 6 to 8 feet 
etc. 

” Field duplicate, rinsate blank and field blank samples will be identified by noting a fictitious 
sample number. Trip blanks will be designated with “TB”. 
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Examples of field sample identification numbers are as follows: 

CR95-03SWOl-01 NAVSURFWARCENDIV, 1995 Field Investigation, Surface 
Water Sample No. 1 from SWMU #03/10 (Ammunition 
Burning Ground). 

CR95-06SS-AOI-01 NAVSURFWARCENDIV, 1995 Field Investigation, Soil 
Sample No. 1 collected from O-6 inches below the surface at 
SWMU #06/09 (Demolition Range). 
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11 .O SAMPLE CUSTODY 

The USEPA chain of custody protocols, as described in “National Enforcement 
Investigations Center (NEIC) Policies and Procedures,” EPA-330/9-78-001-R, revised June 
1985, will be followed. Custody is in three parts: sample collection, laboratory analysis, 
and final evidence files. Field evidence files, including all originals of laboratory reports 
and purge files, are maintained under document control in a secure area. Custody 
procedures are outlined in Halliburton NUS SOP SA-6.1 (Appendix A) and the QAPP. 
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12.0 SAMPLE HANDLING, PACKAGING, AND SHIPMENT 

12.1 PACKAGING AND SHIPPING 

Samples will be prepared consistent with Halliburton NUS SOP SA-6.2 (Appendix A), as 
detailed in Section 5.0 of the QAPP (Appendix C). 

12.2 SHIPMENT COORDINATION 

The FDC will notijl the laboratories of sample shipments on the day of shipment. At that 
time the following information will be provided: 

FDC name and site office telephone number. 

Site name.. 

Number(s) and matrix(ces). 

Carrier name and airbill number(s) for the shipment. 

Method of shipment (i.e., overnight). 

Date of shipment. 

Suspected hazards associated with the samples or site. 

Irregularities or anticipated problems with the samples, including special 
handling instruction or deviations from established sampling procedures or 
numbers of samples. 

Status of the sampling project (i.e., final shipment, update of future shipping 
schedule). 

Sample shipments made after 5:00 p.m. EST will be called in at the start of business the 
next day (8:00 a.m. EST). Laboratories will be notifiid by 3:00 p.m. EST Friday concerning 
information about sample shipments being sent Friday intended for Saturday 
delivery/pickup. 
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12-1 



CLEAN CT0 #0076 
FINAL 

EPA ID No. IN5 170 023 498 
NAVSURFWARCENDIV RA WP 
July 1995 

13.0 INVESTIGATION-DERIVED WASTE DISPOSAL 

13.1 INTRODUCTION 

Standard wastes generated during sampling activities include: drill cuttings, purge waters, 
decontamination fluids, personal protective equipment (PPE), disposable sampling 
equipment, plastic sheeting, and office wastes. Waste disposal procedures described 
below will be followed by on-site personnel. 

.- 

13.2 WASTES FOR WASTEWATER TREATMENT PLANT 

Equipment decontamination fluids containing isopropanol or soap detergents will be 
collected in covered Ei-gallon pails and discharged to the base wastewater treatment plant 
upon approval. 

13.3 WASTES FOR REFUSE HAULER 

Wastes such as wastepaper and shipping boxes generated on-site from office-related 
activities will be staged for disposal by the base refuse hauler. 

13.4 DISPOSABLE PERSONAL PROTECTIVE EQUIPMENT 

Disposable PPE, disposable sampling equipment, and plastic sheeting will be collected in 
labeled plastic bags and placed in a designated NAVSURFWARCENDIV dumpster for 
Navy disposal. 

13.5 DRILL CUTTINGS 

Drill cuttings will be spread thinly on the ground surface around the soil borings and 
groundwater monitoring wells from which they originated. 

13.6 PURGE WATER AND DECONTAMINATION WATER 

Purge water derived from the development and sampling of groundwater monitoring wells 
will be discharged to the ground surface at the well location but at least 10 feet from the 
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well so as not to directly recharge the well. Decontamination water from the steam 
cleaning of drilling and sampling equipment not containing soap or isopropanol will be 
discharged to the ground surface adjacent to the sampling location. Steam cleaning will 
take place at least 25 feet away from sampling locations. 

D:\CT07601\WPl\S13 
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14.0 FIELD MEASUREMENTS/SCREENING 

14.1 FIELD MEASUREMENTS 

Field measurements and screening data obtained during sample collection activities will 
be recorded as specified within Section 9.0. 

14.2 CALl6RATlON OF FIELD EQUIPMENT .- 

Equipment to be used during the field sampling will be examined to determine that it is in 
an operable condition and will be calibrated at the beginning of each day of use. This 
includes checking the manufacturer’s operating manual and the instructions for each 
instrument to ensure that all maimntenance and operating requirements are being observed. 

14.3 PREVENTIVE MAINTENANCE PROCEDURES/SCHEDULE 

Field equipment will be maintained and calibrated according to manufacturer’s 
specifications. Maintenance and calibration will be documented on Equipment Calibration 
Logs as specified in Halliburton NUS SOP SA-6.4 (Appendix A). 

D:\CT07601\WPl\S14. 
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15.0 DATA MANAGEMENT PLAN 

15.1 FIELD MEASUREMENTS 

Data from field measurements and sample collection activities will be appropriately 
recorded on field documentation forms as detailed in Section 9.0. If the field data are to 
be used in the project reports, they will be reduced or summarized and presented in the 
RA report. 

15.2 LABORATORY DATA VALIDATION AND EVALUATION 

Data reduction will be performed by the laboratory in accordance with the requirements of 
the laboratory-specific SOPS. Subsequent to receipt of data from the laboratory, data 
validation will be performed by the Halliburton NUS Team according to the USEPA 
National Functional Guidelines for Evaluating Laboratory Data (draft December 1990) and 
method-specific quality control criteria as applicable. 

Diskette deliverables received from the laboratory will be utilized for data repolrting. The 
diskettes will be uploaded~ to Oracle relational database soffware. Oracle applications 
software including Earth Science and Chemistry Database will be used to provide analysis 
of the data and for generation of report tables and figures. Report tables generated from 
Oracle are backchecked against hardcopy reports received from the laboratory to verify 
correctness of uploaded data. The laboratory will report organic, metals, and cyanide 
analytical data using Contract Laboratory Program (CLP) Statement of Work (SOW) March 
1990 format and forms. 

Data evaluation of validated analytical data will include data reduction and tabulation, 
statistical analysis, environmental fate and transport modeling, and mapping. The results 
will be incorporated into the RA report. 

D:\CT07601\WPl\S15. 
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1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11 

12. 

13. 

14. 

*15. 

Submit Internal Draft Risk Assessment Work Plan (RA WP) to Navy: February 23, 
1993. 

Receive comments from Navy: May 11, 1993. 

Submit response to Navy comments: June 3,1993. 

Submit Draft RA WP to Navy/TRC/USEPA: June 251993. 

Discuss Draft RA WP with Navy/TRC/USEPA NAVSURFWARCENDIV: August 
1993. 

Receive comments from Navy/TRC/USEPA: June 21, 1994; March 30, 1995. 

Submit responses to Navy/TRC/USEPA comments: September 8, 1994; May 25, 
1995. 

Submit Final RA WP to Navy/USEPA: July 12, 1995. 

Receive USEPA approval of final RAWP: July 24, 1995. 

Perform field work to gather additional data necessary to conduct and prepare 
Human Health and Ecological Risk Assessment (HHERA) (1 month): August 21 to 
September 21, 1995. NOTE: The Indiana Bat survey work will not be performed 
until May 15, 1996, due to U.S. Fish & Wildlife guidelines. 

Laboratory turnaround of data (6 weeks): September 22 to November 3, 1995. 

Submit Internal Draft HHERA (less Indiana Bat survey results) to Navy: 
February 9, 1996. 

Receive comments from Navy: March 8, 1996. 

Submit response to Navy comments: April 8, 1996. 

Submit Draft HHERA (less Indiana Bat survey results) to NavyflRC/USEPA: 
May 1, 1996. 
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16. Receive comments from Navy/TRC/USEPA: August 1, 1996. 

17. Submit response to Navy/TRC/USEPA comments: September 10, 1996. 

*18. Submit Final HHERA to NavyITRCIUSEPA: October 22,1996. 

* Document to be submitted to USEPA by Navy. 

SJOTE: Items 10 through’ 18 are in CT0 #229. 
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1.0 PURPOSE 

The purpose of this procedure is to identify the equipment, sequence of events, and appropriate 
-methods necessary to obtain soil, both surface and subsurface, and rock samples during field 
sampling activities. 

2.0 SCOPE 

The methods described within this procedure are applicable while collecting surface and subsurface 
soil samples; obtaining rock core samples for Iithologic and hydrogeologic evaluation; 
excavation/foundation design and related civil engineering purposes. ._ 

3.0 GLOSSARY 

Hand Auger- A sampling device used to extract soil from the ground in a relatively undisturbed form. 

Thin-Walled Tube Samoler - A thin-walled metal tube (also called Shelby tube) used to recover 
relatively undisturbed soil samples. These tubes are available in various sizes, ranging from 
2 to 5 inches 0.0. and 18 to 54 inches long. A stationary piston device may be included in the sampler 
to reduce sampling disturbance and increase sample recovery. 

Split-Barrel Sampler - A steel tube, split in half lengthwise, with the halves held together by threaded 
collars at either end of the tube. Also called a split-spoon sampler, this device can be driven into 
resistant materials using a drive weight mounted in the drilling string. A standard split spoon sampler 
(used for performing Standard Penetration Tests) is 2 inches outside diameter (OD) and l-3/8 inches 
inside diameter (ID). This standard spoon typically is available in two common lengths, providing 
either 20-inch or 26-inch longitudinal clearance for obtaining l&inch or 24-inch long samples, 
respectively. These split-spoon samplers range in size..from 2-inch 0.0. to 3-1/2-inch O.D., depending 
upon manufacturer. The larger sizes are commonly used when a larger volume of material is 
required. 

Rock Corinq - A method in which a continuous solid cylindrical sample of rock or compact rock-like 
soil is obtained by the use of a double tube core barrel that is equipped with an appropriate 
diamond-studded drill bit which is advanced with a hydraulic rotary drilling machine. 

Wire-Line Corinq - As an alternate for conventional coring, this is valuable in deep hole drilling, since 
this method eliminates trips in and out of the hole with the coring equipment. With this ,technique 
the core barrel becomes an integral pan of the drill rod string. The drill rod serves as both a coring 
device and casing. 

4.0 RESPONSlBlUllES 

Field Operations Leader - Responsible for overall management of field activities and ensuring that the 
appropriate sampling procedures are being implemented. 

Site Geolooirt - The site geologist directly oversees the sampling procedures, classifies soil and rock 
samples, and directs the packaging and shipping of soil samples. Such duties may also be performed 
by geotechnical engineers, field technicians, or other qualified field personnel. 

0334901 
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5.0 PROCEDURES 

5.1 SUBSURFACE SOIL SAMPLES 

Subsurface soil samples are used to characterize subsurface stratigraphy. This characterization can 
indicate the potential for migration of chemical contaminants in the subsurface. In addition, 
definition of the actual migration of contaminants can be obtained through chemical analysis of the 
soil samples. Where the remedial activities may include in-situ treatment or the excavation and 
removal of the contaminated soil, the depth and areal extent of contamination mus#t be known as 
accurately as possible. 

Engineering and physical properties of soil may ajso be of interest should site construlction activities 
be planned. Soil types, grain size distribution, shear strength, compressibility, permeability, plasticity, 
unit weight, and moisture content are some of the physical characteristics that may be determined 
for soil samples. 

Penetration tests are also described in this procedure. The tests can be used to estimate various 
physical and engineering parameters such as relative density, unconfined compressive strength, and 
consolidation characteristics of soils. 

The procedures described here are representative of a larger number of possible drilling and 
sampling techniques. The choice of techniques is based on a large number of variables such as cost, 
DQOs, local geology, etc. The final choice of methods must be ma’de with the assistance of drilling 
subcontractors familiar with the local geologic conditions. Alternative techniques must be based 
upon the underlying principles of quality assurance implicit in the following procedures 

5.1.1 Eauipment 

The following equipment is used for subsurface soil sampling and test boring: 

0 Drilling equipment, provided by subcontractor. 

l Split barrel (split spoon) samplers, OD 2 inches, ID l-3/6 inches, either 20-inch or 26 inches 
long. Larger O.D. samplers are available if a larger volume of sample is needed. A common 
size is 3-inch O.D. 1[2-l/2-inch I.D.). 

l Drive weight assembly, 140-lb. ( fr 2 lb.) weight, driving head and guide permitting free fall 
of 30 inches ( + 1 inch). 

l Accessory equipment, including labels, logbook, paraffin, and sample jars. 
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5.1.2 Split Barrel (Sdit Snoon) Samplina (ASTM D1586-84) 

The following method will be used for split barrel sampling: 

Clean out the borehole to the desired sampling depth using equipment that will ensure 
that the material to be sampled is not disturbed by the operation. In saturated sandf and 
silts, withdraw the drill bit slowly to prevent loosening of the soil around the hole and 
maintain the water level in the hole at or above groundwater level. 

Side-discharge bitsare permissible. A bottom-discharge bit shall not be used. The process 
of jetting through an open tube sampler and then sampling when the desired depth is 
reached shall not be permitted. Where casing is used, it may not be driven below the 
sampling elevation. 

Install the split barrel sampler and sampling rods into the boring to the desire$ tirmpling 
depth. After seating the sampler by means of a single hammer blow, t. 6-inch 
increments shall be marked on the sampling rod so that the progress of the sampler can be 
monitored. 

The 2-inch 00 split barrel sampler shall be driven with blows from a 1410.lb. ( +, 2 lb.) 
hammer falling 30 inches ( f 1 inch) until either a total of 50 blows have been applied 
during any one of the three 6-inch increments, a total of 100 blows have been applied, 
there is no observed advance of the sampler for 10 successive hammer blows, or until the 
sampler has advanced 18inches without reaching any of the blow count limitation 
constraints described herein. This process is referred to as the Standard Penetration Test. 

A 3004b. weight falling 18inches is sometimes used to drive a 2-l/2-inch or 3-inch O.D. 
spoon sampler. This procedure is used where dense materials are enountered or when a 
large volume of sample is required. However, this method does not conform the ASTM 
specifications. 

Repeat this operation at intervals not greater than 5 feet in homogeneous strata, or as 
specified in the sampling plan. 

Record the number of blows required to effect each 6 inches of penetration or fraction 
thereof. The first 6 inches is considered to be seating drive. The sum of ,the number of 
blows required for the second and third 6 inches of penetration is termed the penetration 
resistance, N. If the sampler is driven less than 18 inches, the penetration resistance is that 
for the last 1 foot penetrated. 

Bring the sampler to the surface and remove both ends and one half of the split barrel so 
that the soil reco’vered rests in the remaining half of the barrel. Describe carefully the 
sample interval, recovery (length), composition, structure, consistency, color, condition, 
etc., of the recovered soil then put a representative portion of each sample into a jar, 
without ramming. Jars with samples not taken for chemical analysis shall be sealed with 
wax, or hermetically sealed (using a teflon cap liner) to prevent evaporation of the sotI 
moisture, if the sample is to be later evaluated for moisture content. Affix labels to the jar 
and complete Ch,ain-of-Custody and other required sample data forms. Protect samples 
against extreme temperature changes and breakage by placing them in appropriate 
cartons stored in a protected area. Pertinent data which shall be noted on the label or 
written on the jar lid for each sample includes the project number, boring number, sample 
number, depth interval, blow counts, and date of sampling. 
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l An addition to the sampler mentioned above is an internal liner, which is split 
longitudinally and has a thin-wall brass, steel, or paper liner inserted inside, which will 
preserve the sample. However, since the development of the thin-walled samplers 
(mentioned below) the split barrel sampler with liner has declined in use. 

\ 

5.1.3 
\ 

Thin WalledTube (Shelbx Tube) SamalinaOWM Dl587-831 

red to take undisturbed samples of soil, thin-walled seamle be samplers (Shelby 
sad. The following method will be used: 

borehole to the sampling depth, being caref minimize the chance for 
the material to be sampled. In saturated Is, withdraw the drill bit 

event loosening of the soil around the borehole aintain the water level in 
bove groundwater level. 

l The use of bo 
hole shall not owed. Any side discharge bits are 

l A stationary pisto e sampler may be require limit sample disturbance and aid in 
retaining the sampl her the hydraulically or control rod activated-type of 
stationary piston sa may be used. Prior g the tube sampler in the hole, 
check to ensure that th ler head contain valve. The check valve is necessary 
to keep water in the ! ng the sample out of the tube sampler 
during sample withdral ction within the tube to help retain the 
sample. 

a To minimize chemical reaction 
may be required, especially if th 
While steel tubes coated with shel 
and shall only be used when the 

hole and the water level in t 
into the soil by a continua 
shall the tube be pushe 
3 inches in the tube for 

the sample and the sampling tube, brass tubes 
is stored for an extended time prior to testing. 

ss expensive than brass, they are more reactive, 
be tested within a few days after sampling or if 
he sampling tube resting on the bottom of the 

groundwater level or above, push1 the tube 
without impacting or twisting. In no case 
provided for the soil sample. Allow about 

the length of sample in the tube 
ed. Remove disturb ial in the upper end of the tube 

and measure the le at least an inch of soil1 from the 
lower end and the tube with at least a 
l/2-inch thickn wax from entering the 

In voids at either end of the 
s of the sampler, tape in the 

to the tubes as required and record sample numb pth, penetration, and 
gth on the label. Mark the same information and direction on the tube 

elible ink, and mark the end of the sample. Complete C f-Custody and other 
forms. Do not allow tubes to freeze and store the sampl 

onentation they had in the ground, i.e., top of sample is up) in 
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sun at all times. Ship s es protected with le resilient packing material to reduce 
shock, vibration, and dis 

Thin-walled undisturbed tube sampler 
be sampled. Often, very loose and/or 
a consistency in excess of very stiff ca 
Pitcher core samplers can be used to 
normally increases sampling cost 
and the need for an undisturbed samp 
sampler, an attempt shall be.made wit 
sample can be obtained for classificatio 

their usage by the consistency o’f the soil to 
nnot be retrieved by the samplers, and soils with 

by the sampler. Devices such as Denison or 
samples of stiff soils. Using these devices 

err use shall be weighed against the increased cost 
se, if a sample cannot be obtained with a tube 
el sampler at the same depth so that at least a 

5.1.4 Continuous Core Soil Samplesl \ ‘* / 

The CME continuous sample tube system pro 
hollow stem augering. The S-foot sample barr 
The samplng system can be used with a wide 
8-l&inch I.D.). This method has been used 
hard clays and shales, mine tailigs, etc. Thi 
required and a large volume of materi 
description of the subsurface lithology is 

thod of sampling soil continuously during 
n the lead auger of a hollow auger column. 

I.D. hollow stem augers (from 3-l/4-inch to 
different materials such as glacial drift; 
icularly used when SPT samples are not 
, this method is useful when a visual 

5.2 SURFACE SOIL SAMPLES 

For loosely packed earth or waste pile samples, stainless steel scoops or trowels can be used to collect 
representative samples. For densely packed soils or deeper soil samples, a hand or power soil auger 
may be used. 

The following methods are to be used: 

l Use a soil auger for deep samples (6 to 24 inches) or a scoop or trowel for surface samples. 
Remove debris, rocks, twigs, and vegetation before collection of soil. Mark the location 
with a numbered stake if possible and locate sample points on a sketch of the site. 

l Use a new or freshly-decontaminated sampler for each sample taken. Attach a label and 
identification tag. Record all required information in the field logbook and on the sample 
log sheet, Chain-ofCustody record, and other required forms. 

l Pack and ship accordingly. 

l When a representative cornposited sample is to be prepared (e.g., samples taken from a 
gridded area or from several different depths), it is best to composite individual samples in 
the laboratory where they can be more precisely composited on a weight or volume basis. 
If this is not possible, the individual samples (all of equal volume, i.e., the sample bottles 
shall be full) shall be placed in a decontaminated stainless steel bucket, mixed thoroughly 
using a stainless steel1 spatula or trowel, and a composite sample collected. 
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5.3 WASTE PILE SAMPL 

The use of stainless steel scoops trowels to obtain small disc samples of homogeneous waste 
piles is usually sufficient for ma onditions. Layered (nonho neous) piles require the use of 
tube samplers to obtain cross-secti 

0 Collect small, equal porti f the waste from s al points around the pile, penetrating 
it as far as practical. Use n le, to mark the sampling locations and 
locate sampling points on t 

l Place the waste sample in a gla h a label and identification tag. Record 
all the required information in and on the sample log sheet and other 
required forms. 

For layered, nonhomogeneous piles, grain sa 
used at several representative locations to ac 
each sample are 

sampling triers, or waste pile samplers must be 
s-section of the pile. The basic steps to obtain 

l Insert a sampler into ,the pile ee angle from the horizontal t.0 minimize 
spillage. 

l Rotate the sampler once to cut a core material. Rotate the grain sampler 
inner tube to the open sampler a few times to allow the 
material to enter the Its. Move the samp to position with slots upward (grain 
sampler closed) and slo thdraw from the pile. 

5.4 ROCK SAMPLING (CORING) (ASTM 02113-83) 

Rock coring enables a detailed assessment of borehole conditions to be made, showing precisely all 
lithologic changes and characteristics. Because coring is an expensive drilling method, it is commonly 
used for shallow studies of 5OOfeet or less, or for specific intervals in the drill hole that require 
detailed logging and/or analyzing. It can, however, proceed for thousands of feet continuously, 
depending on the size of the drill rig. It yields better quality data than air rotary drilling, although at 
a substantially reduced drilling rate. Rate of drilling varieswidcly, depending on the characteristics of 
lithologies encountered, drilling methods, depth of drilling, and condition of drilling equipment. 
Average output in a 1 O-hour day ranges from 40 to over 200 feet. Downhole geophysical logging or 
television camera monitoring is sometimes used to complement the data generated by coring. 

Borehole diameter can be drilled to various sizes, depending on the information needed. Standard 
sizes of core barrels (showing core diameter) and casing are shown in Attachment No. 1. 

Core drilling is used when formations are too hard to be sampled by soil sampling methods and a 
continuous solid sample is desired. Usually, soil samples are used for overburden, and coring begins in 
sound bedrock. Casing is set into bedrock before coring begins to prevent loose material from 
entering the borehole, to prevent loss of drilling fluid, and to prevent cross contamination of 
aquifers. 



I 

Subject 

SOIL AND ROCK SAMPLING 

Number Page 
GH-1.3 8of 13 

Rewon .EffectiveDate 
2 05/04/90 

ATTACHMENT 1 

STANDARD SIZES OF CORE BARRELS AND CASING 

Nomlnol * set Sl2@ * 

Corq bit sir6 * 
0 0. I I. 0 0.0 I I. 0. 

EX, EXL, EWO, EWU I * ! St ! I .ito 143 

NX,MXL, NW, MWM S 2f 2 .%8 2.155 

x I 

2+ x 3+ 3-g 24 ! 3.B40 2.660 

43s+ 5-k 4 5 4% 3.9m 

6-j- f-f 6 7 635 ’ 5.9?Q 

AX Wve line & ? IT I I I 675 I 000 

BX Wire llnr II za- I I* 2.343 . I 437 

NX Wire line II 1 3 4 2965 I .937 

* All dimm&nr 011 tn inch; to conurrt ti rmllimtief% mulfiply by EM. 
-!J Win lme dimensions and dcsqnohanr troy vary #COrdlnp f0 m6wfOU~fW 
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AnACHMENT 1 
?I FTWO - -v-v 

ire kignotions Casing couptin Approximate 
core chametet 

hsmq; 
Zasinq 
ou@q; Rod; Cwnq o 0 
Cziwj Rod O.O., ’ 

1, Q c?si* bZl 
mchei in& byg’ pt 0.0, 

s’io prmak 7)HmualI 

mchs f mRa indrcl 

Cod 
coupltqs inches lflCtWS* 

bcwel 
bits 
RX RW I.437 1.437 r.rul I.465 I.160 I.094 - 735 

EX L I.812 I.612 I.xK) I.875 ! .4to I.31 3 .a45 .90b 

AX A 2.230 2.250 I.906 2.345 I .m I 625 I.1 es I 281 
BX 6 2.873 2.675 2.375 2.965 2.343 I .9oa I .6S5 I .750 

HX n S.SOO 3.500 2000 3.616 2.965 2.375 2.155 2.313 
nx nw 4.500 4.500 3.938 4.625 3.690 SJOO 3.m f.187 
RW RW I ,437 I .413 I .I60 IO94 - ,735 

EW EW I .a 2 1175 t .47Q I.373 443 903 

AW AW 2.2sQ 2.345 I .67S I .750 I.103 I.261 
ew bW 2.675 2.865 2.345 2125 I.655 t .730 c 
NW NW 3300 1 h 4 3.615 2.%3 2.623 2.155 2.3tS 
NW nw 4.300 
PW 3.soo 

“s 
‘8 4625 3.0% S300 3.000 3.167 

- = ;e S.BSO - - - - 

SW - 6.626 6.790 - - - - 
ltw - 7.625 7.800 - - - a- 
zw - 8.62s ant0 - - - - 
- nu - - - - I .87S t.tso Loo0 - 

e#A - - m - 2.345 2250 I437 - 
M)(> - - e - 2%3 2613 I.937 - 

* for RoLe diameter approximati~, assume & inch tocqr tttan core 
borrrl bit. 

II Win line size desiqwhon, Qril I rod only, serves 08 bath casing and drill 
rod, Win line core bit, ond core diomccln wry sliqhtly actord~ng to 
manufacturer. 

mJlINAL DIWNSIONS FOR DRILL CASINGS AND 

ACCESSORIES. (DIA;MOND CORE DRILL NANUFACTURERS 

ASSOCIATION). 288-D-2889. 
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Drilling through bedrock is initiated by using a diamond-tipped core bit threaded to a drill rod (outer 
core barrel) with a rate of drilling determined by the downward pressure, rotation speed of drill rods, 
drilling fluid pressure in the borehole, and the characteristics of the rock (mineralogy, cementation, 
weathering). 

5.4.1 Diamond Core Drillinq 

A penetration of typically less than 6 inches per 50 blows using a 140.lb. hammer dropping 30 inches 
with a 2-inch split spoon sampler shall be considered an indication that soil sampling methods may 
not be applicable and that coring may be necessary to obtain samples. 

When formations are encountered that are too hard to be sampled by roil sampling methods, the 
following diamond core drilling procedure may bdlsed. 

Firmly seat a casing into the bedrock or the hard material to prevent loose materials from 
entering the hole #and to prevent the loss of drilling fluid return. Level the surface of the 
rock or hard material when necessary by the use of a fishtail or other bits. If the drill hole 
can be retained open without the casing and if cross contamination of aquifers in the 
unconsolidated materials is unlikely, it may be omitted. 

Begin the core drilling using a double-tube swivel-core barrel of the desired size. After 
drilling no more than 10 feet (3 m), remove the core barrel from the hole, and take out the 
core. If the core blocks the flow of the drilling fluid during drilling, remove the core barrel 
immediately. In soft materials, a large starting size may be specified for the coring tools; 
where local experience indicates satisfactory core recovery or where hard, sound materials 
are anticipated, a smaller size or the single-tube type may be specified and longer runs may 
be drilled. NX/NW size coring equpment is the most commonly used sire. 

When soft materials are encountered that produce less than SO percent recovery, stop the 
core drilling. If soil samples are desired, secure such ramples in accordance with the 
procedures described in ASTM Method D 1586 (Split Barrel Sampling) or in Method D 1587 
(Thin-Walled Tube Sampling) for Sampling of Soils (see Section 5.1 .l and 51.2). Resume 
diamond core driiliing when refusal materials are again encountered. 

Since rock structures and the occurrence of seams, fissures, cavities, and broken areas are 
among the most important items to be detected and described, take special care to obtain 
and record these features. if such broken zones or cavities prevent further advance of the 
boring, one of the following three steps shall be taken: (1) cement the hole; (2) ream and 
case; or (3)case and advance with the next smaller size core barrel, as the conditions 
warrant. 

In soft, seamy, or otherwise unsound rock, where core recovery may be difficult, M-design 
core barrels may be used. in hard, sound rock where a high percentage of core recovery is 
anticipated, the single-tube core barrel may be employed. . 

5.4.2 Rock Samde Prapiaration and Documentation 

Once the rock coring has been completed and the core recovered, the rock core shall be carefully 
removed from the barrel, placed in a core tray (previously labeled “top” and “bottom” to avoid 
confusion), classified, and measured for percentage of recovery as well as the rock quality designation 
(RQD). Each core shall be described, classified, and logged using a unifo’rm system ao presented In 
Procedure GH-1.5. If moisture c-r-:ent will be determined or if it is desirable to prevent drying (e.g , 

D3349Ql 
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to prevent shrinkage of clay formations) or oxidation of the core, the core shall be wrapped in plastic 
sleeves immediately after Ioggimg. Each plastic sleeve shall be labeled with indelible ink. The boring 
number, run number, and the footage represented in each sleeve shall be included, as well as the top 
and bottom of the core run. 

After sampling, rock cores shall be placed in the sequence of recovery in well-constructed wooden 
boxes provided by the drilling contractor. Rock cores from two different borings shall not be placed 
in the same core box unless accepted by the Site Geologist. The core boxes shall be constructed to 
accommodate at least ZOlinear feet of core in rows of approximately 5 feet each and shall be 
constructed with hinged tops secured with screws, and a latch (usually a hook and eye) to keep the 
top securely fastened down. Wood partitions shall be placed at the end of each care run and 
between rows. The depth from the surface of the-boring to the top and bottom of the drill run and 
run number shall be marked Ion the wooden partitions with indelible ink. A wooden partition 
(wooden block) shall be placed at the. end of each run with the depth of the bottom of the run 
written on the block. These bllocks will serve to separate successive core runs and indiicate depth 
intervals for each run. The order of placing cores shall be the same in all core boxes. Rock core shall 
be placed in the box so that, wlhen the box is open, with the inside of the lid facing the obrerver,the 
top of the cored interval contained within the box is in the upper left corner of the box,and the 
bottom of the cored interval is in the lower right corner of the box (see Attachment 2). The top and 
bottom of each core obtained and its true depth shall be clearly and permanently marked on each 
box. The width of each row must be compatible with the core diameter to prevent lateral movement 
of the core in the box. Similarly, an empty space in a row shall be filled with an appropriate filler 
material or spacers to prevent longitudinal movement of the core in the box. 

The inside and outside of the core-box lid shall be marked by indelible ink to show all pertinent data 
on the box’s contents. At a minimum, the following information shall be included: 

0 Project name 
l Project number 
l Boring number 
l Run numbers 
l Footage (depths) 
l Recovery 
l ROD(%) 
l Box number and total number of boxes for that boring (Example: Box 5 of 7). 

For easy retrieval when core boxes are stacked, the sides and ends of the box shall also be labeled and 
include project number, boring number, top and bottom depths of core and box number. 
Attachment No. 2 illustrates a typical rock core box. 

Prior to final closing of the core box, a photograph of the recovered core and the labeling on the 
inside cover shall be taken. If moisture content is not critical, the core shall be wetted and wiped 
clean for the photograph. (This will help to show true colors and bedding features in the cores). 
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1.0 PURPOSE 

The purpose of this procedure is to describe tr ‘: nerhods, the sequence of operations and the 
equipment necessary to perform soil and rock borings. 

2.0 SCOPE 

This guideline addresses most of the accepted and standard drilling techniques, their benefits and 
drawbacks. It should be used generally to determine what type of drilling techniques would be most 
successful depending on site-specific geologic conditions and the type of sampling required. 

.- 
3.0 GLOSSARY 

Boulders - Rounded, semi-rounded or naturally angular particles of rock larger than 12 inches in 
diameter. 

C& - Fine grained soil or portions of soil having certain physical properties, composition and texture. 
Clay exhibits plastic properties within a range of water contents and exhibits considerable strength 
when air dried. Clay consists usually of fragments of hydrous aluminum or magnesium silicate 
minerals, and it consists predominantly of grains with diametersof less than 0.005 mm. 

- Cobbles Rounded, semi-rounded or naturally angular particles of rock between 3 inches and 
12 inches in diameter. 

Gravel - Rounded or semirounded particles of rock that will pass a 3inch sieve (7.62cm) and be 
retained on a No. 4 U.S. standard sieve (4.76 mm). Coarse gravel is larger than 3/4-inches,, while fine 
gravel is finer than 3/4-inches. 

Stone - Crushed or naturally angular particles of rock that will pass ,a 3 inch sieve (7.62 cm) and be 
retained on a No. 4 U.S. standard sieve (4.76 mm). 

Rock - Any consolidated or coherent and relatively hard, naturally formed (mass of mineral matter. 

Sand - Particles of rock that will pass a No.4 U.S. standard sieve (4.76mm) and be retained on a 
No. 200 U.S. standard sieve (0.074 mm). Coarse sand is larger than a No. 10 sieve, and fine sand is finer 
than a No. 40 sieve (0.42 mm). 

Silt - Material passing the No. 200 U.S. standard sieve (0.074 mm) that is nonplastic or very slightly 
plastic and that exhibits little or no strength when air dried. 

&iJ - Sediments or other unconsolidated accumulations of solid particles that are produced by the 
physical and chemical disintegration of rock and that may contain organic matter. 

Undisturbed Sample - A soil sample that has been obtained by methods in which every precaution has 
been taken to minimize disturbance to the sample. 

Water Table - A surface in an aquifer where groundwater pressure is equal to atmospheric pressure. 
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4.0 RESPONSIBILITIES 

Site Manaaer - In consultation with the project geologist, responsible for evaluating the drilling 
requirements for the site and specifying drilling techniques that will be successful given the study 
objectives and geologic conditions at the site. He should also determine the disposal methods for 
products generated by drilling, such as drill cuttings and well development water, as well as’any 
specialized supplies or logistical support required for the drilling operations. 

Site Geoloaist/Ria Geoloaist - Responsible for insuring that standard and approved drilling 
procedures are followed. The geologist will generate a detailed boring log for each test hole. This 
log shall include a description of materials, samples, method of sampling, blow counts, and other 
pertinent drilling and testing information that maybe obtained during drilling (see Attachment A of 
Procedure GH-1.7). Often this position for inspecting the drilling operations may be filled by other 
geotechnical personnel, such as soils and foundation engineers, civil engineers, etc. 

Determination of the exact location for borings is the responsibility of the site geologist. The final 
location for drilling must be properly documented on the boring log. The general area in which the 
borings are to be located will be shown on a site map included in the Work Plan. 

Field Operations Leader - Responsible for overall supervision and scheduling of drilling activities. 

Drillina Subcontractor - Responsible for obtaining all drilling permits and clearances, and supplying 

all services (including labor), equipment and material required to perform the drilling, testing, and 
well installation program, as well as maintenance and quality control of such required equipment 
except as stated in signed and approved subcontracts. 

The driller must report any major technical or analytical problems encountered in the field to the 
Field Operations Leader within 24 hours, and must provide advance written notification for any 
changes in field procedures describing and justifying such changes. No such changes shall be made 
unless requested and authorized in writing by the Field Operations Leader. 

The drilling subcontractor will be responsible for following decontamiination procedures specified in 
the Work Plan. Upon completion of the work, the Drilling Subcontractor will be responsible for 
demobilizing all equipment, cleaning up any materials deposited on site during drilling operations, 
and properly backfilling any open borings. 

5.0 PROCEDURES 

5.1 GENERAL 

The purpose of drilling boreholes is: 

l To determine the type, thickness, and certain physical and chemical propenies of the soil, 
water and rock strata which underlie the site, and 

l To install monitoring wells or pietometers. 

All drilling and sampling equipment will be cleaned using appropriate decontamination procedures 
(see Procedure GH-1.6 and SF-2.3) between samples and borings. Unless otherwise specified, it is 
generally advisable to drill borings at “clean” locations first, and at the most contaminated locations 
last, to reduce the risk of spreading contamination between locations. All borings must be logged.by 
the rig gdologist as they proceed (see Procedure GH-1.5) unless the FSAP specifically states that 
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logging is not required. Situations where logging would not be required would include installation 
of multiple well points within a small area, or a “second attempt” boring adjacent to a boring that 
could not be continued through resistant material. In the latter case, the boring log can be resumed 
5 feet above the depth at which the initial boring was abandoned, although the rig geologist should 
still confirm that the stratigraphy at the redrilled location conforms essentially with that encountered 
at the original location. If significant differences are seen, each hole should be logged separately.. 

5.2 DRILLING METHODS 

The selected drilling methods described below apply to drilling in subsurface materials, including, but 
not limited to, sand, gravel, clay, silt, cobbles, boulders, rock and man-made fill. Drilling methods 
should be selected after studying the site geologysnd terrain, purpose of drilling, waste conditions at 
the site, and the overall subsurface investigation program proposed for the site. The full range of 
different drilling methods applicable to the proposed program should be identified with final 
selection based on relative cost, availability, time constraints, and hovu well each method meets the 
sampling and testing requirements of the individual drilling program. 

5.2.1 Continuouo=Fliaht Hollow-Stem Auger Drillinq 

This method of drilling consists of screwing augers with a hollow stem into the ground. Cuttings are 
brought to the surface by the rotating action of the auger. This method is relatively quick and 
inexpensive. Advantages of this type of drilling include: 

l Samples can be obtained without pulling the augers out of the hole. However, this is a 
poor method for obtaining grab samples from thin, discrete formations because of mixing 
of soils which occurs as the material is brought to the surface. Sampling of such formations 
will require the use of split-barrel or thin-wall tube samplers advanced through the hollow 
core of the auger. 

l No drilling fluidsare required. 

l A well can be installed in&de the auger stem and backfilled as the augers are withdrawn. 

Disadvantages and limitations of this method of drilling include: 

l Augering can only be done in unconsolidated materials. 

l The inside diameter of hollow stem augers used for well installation should be at least four 
inches greater than the well casing. Use of such large diameter hollow stem augers is more 
expensive than the use of small diameter augers in boreholes not used for well installation. 
Furthermore, the density of unconsolidated materials and depths become more of a 
limiting factor. More friction is produced with the larger diameter auger and subsequently 
greater torque is needed to advance the boring. 

l The maximum effective depth for drilling is 150 feet or less, depending on site conditions 
and the size of augers used. 

l In augering through clean sand formations below the water table, the sand will tend to 
flow into the hollow stem when the plug is removed for soil sampling or well installation. 
If the condition of “running” or “flowing” san’ds is persistent at a site, an alternative 
method of drilling is recommended, in particular for wells or boreholes deeper than 
25 feet. Hollow stem auger drilling is the preferred method of drilling. Most alternatlve 
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methods require the introduction of water or mud downhole (air rotary is the exception) 
to maintain the open borehole. With these other methods great care must be taken to 
ensure that the method does not interfere with the collection of a representative sample 
which is the object of the construction. With this in mind, the preferred order of choice of 
drilling method after hollow stem augering (HSA) is: 

- Cable tool 
- Casing drive (air) 
a Air rotary 
* Mud rotary 
a Drive and wash 
m Jetting L 

However, the use of any method will also depend on efficiency and cost-effectiveness. lln many cases, 
mud rotary is the only feasible alternative to hollow stem aubering. Thus, mud rotary drilling is 
generally acceptable as a first substitute for HSA. 

The procedures for sampling soils through holes drilled by hollow-stem auger shall conform with the 
applicable ASTM Standards: 01587-83 and 0158644. The hollow stem auger may be advanced by 
any power-operated drilling machine having sufficient torque and ram range to rotate and force the 
auger to the desired depth. The machine must, however, be equipped with the accessory equipment 
needed to perform required sampling, or rock coring. 

When taking soil samples for chemical analysis, the hollow-stem auger shall be plugged until the 
desired sampling depth is reached. Samples can be taken using split-spoon or thin wall tube samplers 
driven into the formation in advance of the auger (see Procedure GH-1.3). If the sample is to be taken 
at a relatively deep point, the auger may be advanced without a plug to within five feet of the sample 
depth. Then clean out the auger stem, insert a plug and continue to the sampling depth. The plug is 
then removed and samples taken as specified by the rig geologist. Samples should be taken 
according to the specifications of the sampling plan. Any required sampling shall be performed by 
rotation, pressing, or driving in accordance with the standard or approved method governing use of 
the panicular sampling tool. The sequence shall be repeated for each sample desired. 

The hollow-stem auger may be used without the plug when boring for geotechnical examination or 
for well installation. 

When drilling below the water table, specially-designed plugs whic:h allow passage of formation 
water but not solid material shall be used (see Reference 1 of this guideline). This method also 
prevents blow back and plugging of the auger when the plug is removed for sampling. 

Alternately, it may be necessary to keep the hollow stem full of water, at le’ast to the level of the 
water table, to prevent blowback and plugging of the auger. If water is added to the hole, it must be 
sampled and analyzed to determine if it is free from .contaminants prior to use. In addition, the 
amount of water introduced, the amount recovered upon attainmenlt of depth, and the amount of 
water extracted during well development must be carefully logged in order to ensure that a 
representative sample of the formation water can be obtained. Well1 development should occur as 
soon after well completion as practicable (see GH-1.7 for Well Development Procedures). If gravelly 
or hard material is encountered which prevents advancing the auger to the desired depth, augering 
should be halted and either driven casing or hydraulic rotary methods should be attempted. If the 
depth to the bedrocklsoil interface and bedrock lithology must Ibe- determined, then a S-foot 
confirmatory core run should be conducted (see Section 52.9). 
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At the option of the Field Operations Leader, when resistant materials prevent the advancement of 
the auger, a new boring can be attempted. The original boring must be properly backfilled and the 
new boring started a shon distance away at a location determined by the site geologist. If multiple 
water bearing strata were encountered, the original boring must be grouted. In some formations it 
may be prudent to also grout borings which only penetrate the water table aquifer, since loose soil 
backfill in the boring would still provide a preferred pathway for surface liquids to reach the water 
table. 

5.2.2 Continuous-Flight Solid-Ste \ / 

This method is similar to hollow-stem a 
restricted as compared with hollow stem 
without pulling the augers which may allow 
consuming and is not cost effective. Also, au 
monitoring well, which again, may allow the 
examining the soils brought to the surface is u 
depth to water may be difficult to determine 

I application of this method is severely 
rel (split-spoon) sampling cannot be done 
Ilapse. The method is therefore very time 

Id have to be withdrawn before installing a 
collapse. Furthermore, geologic log,ging by 

e as in the case of the hollow stem auger, and 

There would be very few situations where 
drilling methods. The only 
installation where no 
expected to remain 
find depth to bedrock in an area 

stem auger woulId be preferable to other 

the technique can be used to 

5.2.3 Rotarv Drilling 

Direct rotary drilling includes air-rotary and fluid-rotary drilling. Air-rotary drilling is a method of 
drilling where the drill rig simultaneously turns and exerts a downward pressure on the drilling rods 
and bit while circulating compressed air down the inside of the drill rods, around thIe bit, and out the 
annulus of the borehole. Air circu!ation serves to both cool the bit and remove the cuttings from the 
borehole. Advantages of this method include: 

l The drilling rate is high (even in rock). 
e The cost per foot of drilling is relatively low. 
l Air rotary rigs are common in most areas. 
l No drilling fluid is required (except when water is injer d to keep down dust). 
l The borehole diameter is large, to allow room for prop well installation procedures. 

Disadvantages to using this method include: 

l Formations must be logged from the cuttings that are blown to the surface and thus the 
depths of materials logged are approximate. 

l Air blown into the formation during drilling may “bind” the formation and impede well 
development and natural groundwater flow. 

l In-situ samples cannot be taken, unless the hol-e is cased. 

e Casing must generally be used in unconsolidated materials. 

l Air rotary drill rigs are large and heavy. 

D334901 
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,A variation of the typical air-rotary drill bit is a down hole hammer which hammers the drill bit down 
as it drills. This makes drilling in hard rock faster. Air-rotary drills can also be adapted to use for rock 
coring although they are generally slower than other types of core drills. A major application of the 
air-rotary drilling method would be to drill holes in rock for well installation. 

Fluid-Rotary drilling operates in a similar manner to air rotary drilling except that a drilling -fluid 
(“mud”) or clean water is used in place of air to cool the drill bit and remove cuttings. There are a 
variety of fluids that can be used with this drilling method, including bentonite slurry and synthetic 
slurries. If a drilling fluid other than water/cuttings is used, it must be a natural clay (i.e., bentonite) 
and a “background” sample of the fluid should be taken for analysis of possible organic or inorganic 
contaminants. 

Advantages to the fluid-rotary drilling method include: 

l The ability todrill in many types of formations. 

l Relatively quick and inexpensive. 

0 Split barrel (split-spoon) or thin-wall tube samples can be obtained without removing drill 
rods if the appropriate size drill rods and bits (i.e., fish-tail or drag bit) are used. 

l In some borings temporary casing may not be needed as the drilling fluids may keep the 
borehole open. 

l Drill rigs are readily available in most areas. 

Disadvantages to this method include: 

Formation logging is not as accurate as with hollow stem auger method if split barrel (split- 
spoon) samples are not taken (i.e., the depths of materials logged from cuttings delivered 
to the surface are approximate). 

Drilling fluids reduce permeability of the formation adjacent to the boring to some degree, 
and require more extensive well development than “dry” techniques (augering, air-rotary). 

No information on depth to water is obtainable while drilling. 

Fluids are needed for drilling, and there is some question about the effects of the drilling 
fluids on water samples obtained. 
be required. 

For this reason as well, extensive well development may 

In very porous materials (i.e., rubble fill, boulders, coarse gravel) drilling fluids may be 
continuously lost into the formation. This will require either constant replenishment of the 
drilling fluid, or the use of casing through this formation. 

Drill rigs are large and heavy, and must be supported with supplied water. 

Ground water samples can be potentially diluted with drilling fluid. 

The procedures for performing direct rotary soil investigations and sampling shall conform with the 
applicable ASTM standards: D2 113-83, 01587-83, and 01.58664. 

D334901 
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For air or fluid-rotary drilling, the rotary drill may be advanced to the desired depth by any power- 
operated drilling machine having sufficient torque and ram range to rotate and force the bit to the 
desired depth. The drilling machine must, however, be equipped with any accessory equipment 
needed to perform required sampling, or coring. Prior to sampling, any settled drill cuttings in the 
borehole must be removed. 

Soil samples shall be taken as specified by the Work Plan or more frequently if requested by the field 
geologist. Any required sampling shall be performed by rotation, pressing, or driving in accordance 
with the standard or approved method governing use of the particular sampling tool. 

When field conditions prevent the advancement of the hole to the desired depth, a new boring may 
be drilled at the request of the Field Operations Leader. The original boring shall be backfilled using 
methods and materials appropriate for the given site and a new boring started a short distance away 
at a location determined by the site geologist. 

5.2.4 

The corn er or mud rotary rig with a I lameter drill pipe which 
circulates the drilling water do the annulur and up the inri drill pipe (reverse flow 
direction from direct mud rotary). is type of rig is used for uction of large-capacity 
production water wells and is not sui for small, water-quality mg wells because of the use of 
drilling muds and the large diameter ch is created. A pecial reverse-circulation rotary 
rigs are made with double-wall drill is circulated down the annulus 
between the drill pipes and up inside t 

Advantages of the latter method include: 

l The formation water is not contamin 

l Formation samples can be obtained, fr 

a When drilling with air, immediate info ion is available regarding the water-bearing 
properties of formations penetrated. 

l Collapsing of the hole in unconsolid tionr is not as great a problem as when 
drilling with the normal air rotary ri 

Disadvantages include: 

l Double-wall, reverse-circulation d expensive to operate. 

l Placing cement grout arou outside of the well g above a well screen often is 
difficult, erpecially when t en and casing are p down through the inner dnll 
pipe before the drill pipe i 

5.25 Drill-through Casina Priver 

The driven-casing method consists of alternately driving casing (fitted with a sharp, hardened casing 
shoe) into the ground using a hammer lifted and dropped by the drill rig or an air hammer and 
cleaning out the casing using a rotary chopping bit and air or water to flush out the materials. The 
casing is driven down in stages (usually 5 feet per stage). A continuous record is kept of the blows per 
foot in driving the casing (see Procedure GH-1.5). The casing is normally advanced by a 300-pound 

0334901 
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hammer falling freely through a height of 304nches. Simultaneous washing and driving of the casing 
is not recommended. If this procedure is used, the elevations between whlich water is used in driving 
the casing should be recorded. 

The driven casing method is used in unconsolidated formations only. When the boring is to be used 
for later well installation, the driven casing used should be at least four inches larger in diameterthan 
the well casing to be installed. Advantages to this method of drilling include: 

l Split barrel (split-spoon) sampling can be conducted while drillinlg. 

l Well installation iseasily accomplished. 
._ 

l Drill rigs used are relatively small and mobile. 

a The use of casing minimizes flow into the hole from upper water-bearing layers; therefore 
multiple aquifers can be penetrated and sampled for rough field determinations of some 
water quality parameters. 

Some of the disadvantages include: 

l This method can only be used in unconsolidated formations. 

l The method is slower than other methods (average drilling progress is 30 to 50 feet per 
day). 

l Maximum depth of the borehole varies with the size of the drill rig and casing diameter 
used, and the nature of the formations drilled. 

l The cost per hour or per foot of drilling may be substantially higher than other drilling 
methods. 

l It is difficult and time consuming to pull back the casing if it has been driven very deep 
(deeper than 50 feet in many formations). 

5.2.6 Cable Tool Drilling 

A cable tool rig uses a heavy, solid 
when raised and dropped chisels or po 
be expedited by the use of “slip-jars” whi 
hammer the bit ahead. 

“) suspended on a steel cable, which 
oils and rock. Drilling progress may 

activated down hole percussion device to 

When drilling through the unsaturated zon 
are suspended in the water and then bailed 
ground water enters the borehole to replace 
added. 

must be added to the hole. The cuttings 
ly. Below the water table, after sufficient 

moved by bailing, no further water need be 

When soft caving formations are enc 
advanced to prevent collapse of th 
of the casing. Because the drill bit 
than the casing. Therefore, the c 
driven into the hole (see Section 

o drive casing as the hole is 
a few feet below the bottom 

Ie created by the bit is smaller 
g shioe on the bottom) must be 
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Advantages of the c -tool method include the following: 

l lnformatio ing the drilling. Even 
zones penetrated can 

0 The cable-t+4 rig ?rate satisfactorily in all for but is best suited for caving, 
boulder, cc or -avel type formations (e.g., till) or formations with large 
cavities abo. I(? ?le (such as limestones). 

l When casing is used, sing seals formati ter out of the hole, preventing 
down-hole contaminati allowing-sampling eper aquifers for field-measurable 
water quality parameters. 

l Split barrel (split spoon) or thi an be collected through the casing. 

Disadvantages include: 

l Drilling is slow compared with rot 

l The necessity of driving the casing in 
pulled back if exposure of selected 
the well completion process and o 
casing may become stuck in the hole. 

l The relatively large diameters 
casing result in higher costs 
required, such as use of a hollow 

l Cable-tool rigs have largely 
availability may be difficult. 

lidated formations requires that the casing be 
aring zones is desired. This process complicates 
reases costs. There is also a chance that the 

urn of 4-inch casing) plus the cost of steel 
ary ,drilling methods where casing is not 

tary rigs. In some parts of the U.S., 

5.2.7 Jet Drillina (Warhind 

Jet drilling, which should be u 
pumping water or drilling mu 
PVC). The pipe may be 
dislodged by the bit and j 

for pietometer or vadose 
through a small diameter 
a chisei bit or a special j 

pier installation, consists of 
-Inch) standard pipe (steel or 
reen. Formation materials 
urfrce through the annulus 
ay be addSed at the surface. 

Jet percussion is a variatio 
Normally, this method 
formations but has been 

n with a drive weight. 
unconsolidated sand 
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when introduction of 
drilling water to the formation i 
investigation or installation of p 
include: 

table. Such conditions would occur ng rough stratigraphic 
ntages of this method 

l Jetting is fast and inexpensi 

0 Because of the small amou tting can be accomplished in 
locations where access by a wet-y difficult. For example, it 
would be possible to jet down a lagoon at a fraction of the cost 
of using a drill rig. 

l Jetting numerous well points just i ter table is an inexpensive method for 
determining the water table conto 

Disadvantages include the following: 

l A large amount of foreign water o 
formation to be sampled. 

g mud is introduced above and into the 

0 Jetting is usually done in very soft for s which are subject to caving. Because of this 
caving, it is often not possible to pl seal above the screen to assure that water in 
the well is only from the screened i 

l The diameter of the casing is 
obtained by methods applicable 

to 2 inches; therefore, samples must be 

l Jetting is only possible in 
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(about 3Ofeet without jet percussion 
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5.2.9 Rock Drillina and Corinq 

When soil borings cannot be continued using augers or rotary methods due to the hardness of the soil 
or when rock or large boulders are encountered, drilling and samplinlg can be performed using a 
diamond bi.t corer in accordance with ASTM 02 113. 

Drilling is done by rotating and applying downward pressure to the drill rods and drill bit. The drill 
bit is a circular, hollow, diamond studded bit attached to the outer core barrel in a double tube core 
barrel. The use of single tube core barrels is not recommended, as the rotation of the barrel erodes 
the sample and limits its use for detailed geological evaluation. Water or air is circulated down 
through the drill rods and annular space between the core barrel tubes to cool the bit and remove the 
cuttings. The bit cuts a core ouit of the rock which-rises into an inner barrel mounted inside the outer 
barrel. The inner core barrel and rock core are removed by lowering a wire line with a coupling into 
the drill rods, latching onto the inner barrel and withdrawing the inner barrel. A less efficient 
variation to this method utilizes a core barrel that cannot be removed without pulling all of the drill 
rods. This variation is practical only if less than 50 feet of core is required. 

Core borings are made through the casing used for the soil borings. The casing must be driven and 
sealed into the rock formation to prevent seepage from the overburden into the hole to’ be cored (see 
Section 5.3 of this guideline). A double-tube core barrel with a diamond bit and reaming shell or 
equivalent should be used to recover rock cores of a size specified in the Work Plan. The most 
common core barrel diameters are listed in Attachment A. Soft or decomposed rock should be 
sampled with a driven split-barrel whenever possible or cored with a Denison or Pitcher sampler. 

When coring rock, including shale and claystone, the speed of the drill and the drilling pressure, 
amount and pressure of water, and length of run can be varied to give the maximum recovery from 
the rock being drilled. Should any rock formation be so soft or broken that the pieces continually fall 
into the hole, causing unsatisfactory coring, the hole should be reamed and a flush joint casing 
installed to a point below the broken formation. The size of the flush joint casing must permit 
securing the core size specified. When soft or broken rock is anticipated, the length of core runs 
should be reduced to less than 5 feet to avoid core loss and minimize core disturbance. 

Advantages of core drilling include: 

l Undisturbed rock cores can be recovered for examination and/or testing. 

l In formations in which the cored hole will remain open withlout casing, water from the 
rock fractures may be recovered from the well without the installation of a well screen and 
gravel pack. 

l Formation logging is extremely accurate. 

l Drill rigs are relatively small and mobile. 

Disadvantages include: 

l Water or air is needed for drilling. 

l Coring is slower than rotary drilling (and more expensive). 

D33b901 
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l Depth to water cannot accurately be determined if water is used for drilling. 

l The size of the borehole is limited. 

This drilling method is useful if accurate determinations of rock lithology are desired or if open wells 
are to be installed into bedrock. To install larger diameter wells in coreholes, the hole must be 
reamed out to the proper size after boring, using air or mud rotary drilling methods, 

5.2.10 Drillina & SUPDO~~ Vehicles. 

In addition to the drilling method required to accomplish the objectives of the field program, the 
type of vehicle carrying the drill rig and/or support-equipment, and its suitability for the site terrain, 
will often be an additional deciding factor in planning the drilling program. The types of vehicles 
available are extensive, and depend upon the particular drilling subcontractor’s fleet. Most large 
drilling subcontractors will have a wide variety of vehicle and drill types suited for most drilling 
assignments in their particular region, while smaller drilling subcontractors will usually have a fleet of 
much more limited diversity. The weight size, and means of locomotion (tires, tracks, etc.) of the drill 
rig must be selected to be compatible with the site terrain, to assure ad,equate mobility between. 
borehole locations. Such considerations also apply to necessary support vehicles used to transport 
water and/or drilling materials to the drill rigs at the borehole locations. When the drill rigs or 
support vehicles do not have adequate mobility to easily traverse the site, provisions must be made 
for assisting equipment, such as bulldozers, winches, timber planking, etc., to maintain adequate 
progress during the drilling program. 

Some of the typical vehicles which are usually available for drill rigs and support equipment are: 

l Totally portable drilling/sampling equipment, where all necessary components (tripods, 
samplers, hammers, catheads, etc.) may be hand-carried to the borehole site. 
Drilling/sampling methods used with such equipment include: 

- Hand augers and lightweight motorized augers 
- Retractable plug samplers-driven by hand (hammer) 
- Motorized cathead - a lightweight aluminum tripod with a small gas-engine cathead 

mounted on one leg, used to install small diameter cased borings. This rig is sometimes 
called a “monkey on a stick.” 

l Skid-mounted drilling equipment containing a rotary drill or engine-driven cathead (to lift 
hammers and drill string), a pump, and a dismounted tripod The skid is pushed, dragged, 
or winched (using the cathead drum) between boring locations. 

l Small truck-mounted drilling equipment uses a jeep, stake body or other light truck (4 to 
6wheels), upon which are mounted the drill and/or a cathead; a pump, and a tripod or 
small drilling derrick. On some rigs the drill and/or a cathead are driven by a power take- 
off from the truck, instead of by a separate engine. 

l Track-mounted drilling equipment is similar to truck-mounted rigs, except that the vehicle 
used has wide bulldozer tracks for traversing soft ground. Sometimes a continuous-track 
“all terrain vehicle” is also modified for this purpose. Some types of tracked drill rigs are 
called “bombardier” or “weasel” rigs. 

l Heavy truck-mounted drilling equipment is mounted on tandem or dual tandem trucks to 
.transport the drill, derrick, winches;and pumps or compressors. The drill may be provided 
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with a separate engine or may use a power take-off from the truck engine. Large augers, 
hydraulic rotary and reverse circulation rotary drilling equipment are usually mounted on 
such heavy duty trucks. For soft-ground sites, the drilling equipment is sometimes 
mounted on and off the road vehicle having low pressure, very wide diameter tires and 
capable of floating; these vehicles are called “swamp buggy” rigs. 

l Marine drilling equipment is mounted on various floating equipment for drilling borings in 
lakes, estuaries and other bodies of water. The floating equipment varies, and is often 
manufactured or customized by the drilling subcontractor to suit specific drilling 
requirements. Typically, the range of flotation vehicles includes: 

- Barrel float rigs - a drill rig mounted on a timber platform buoyed by empty 55gallc 
drums or similar flotation units. 

a Barge-mounted drill rigs. 

- Jack-up platforms - drilling equipment mounted on a floating platform having 
retractable legs to support the unit on the sea or lake bed when the platform is jacked 
up out of the water. 

- Drill ships - for’deep ocean drilling. 

In addition to the mobility for the drilling equipment, similar consideration must be given for 
equipment to support the drilling operations. Such vehicles or floating equipment are needed to 
transport drill water, drilling supplies and equipment, samples, drilling personnel, etc. to and/or from 
various boring locations. 

5.2.11 EauiPment Sizes 

In planning subsurface exploration programs, care must be taken in specifying the various drilling 
components, so that they will fit properly in the boring or well. 

For drilling open boreholes using rotary drilling equipment, tri-cone drill bits are employed with air, 
water or drilling mud to remove cuttings and cool the bit. Tritone bits are slightly smaller than the 
holes they drill (i.e., 5-7/8” or 7-7/8” bits will nominally drill 6” and 8” holes, respectively). 

For obtaining split-barrel samples of a formation, samplers are manufactured in sizes ranging from 
2-inches to 4-l/2 inches in outside diameter. However, the most commonly used size is the 2-inch 
O.D., 1-3/&inch I.D. split-barrel sampler. When this sampler is used, and driven by a 140.pound 
( !: 2 pound) hammer dropping 30.inches ( f 1 inch), the procedure is called a Standard Penetration 
Test, and the blows per foot required to advance the sampler into the formation can be correlated to 
the formation’s density or strength. 

In planning the drilling of boreholes using hollow stem augers or casing, in which thin-wall tube 
samples or diamond core drilling will be performed, refer to the various sizes and clearances provided 
in Attachment A of this guideline. Sizes selected must be stated in the Work Plan. 

0334901 
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5.2.12 Estimated Drillina Proaress 

To estimate the anticipated rates of drilling progress for a site the following must be considered: 

l The speed of the drilling method employed. 

l Applicable site conditions (e.g., terrain, mobility between borings, difficult drilling 
conditions in bouldery soils, rubble fill or broken rock, etc.). 

l Project-imposed restrictions (e.g., drilling while wearing personal protective equipment, 
decontamination of drilling equipment, etc.). 

Based on recent experience in drilling average sbil conditions (no boulders) and taking samples at 
S-foot intervals, for moderate depth (30’ to 50’) boreholes (not including installation or development 
of wells), the following daily rates of total drilling progress may be anticipated for the following 
drilling methods: 

Drilling Method I Average Daily Progress 
(linear feet) I 

Hollow-stem augers I 75’ I 

Sol id-stem augers I 50’ I 

Mud Rotary Drilling 

Reverse Circulation Rotary 

100’ (cuttings samples) 

100’ (cuttings samples) 

Skid Rig with driven casing 

Rotary with driven casing 

30’ 

50’ 

Cable Tool I 30’ I 
Hand Auger I Varies I 

Continuous Rock Coring I 50’ I 
5.3 PREVEN’IION OF CRO55-CONTAMINATION 

A telescoping or multipie casing technique minimizes the potential for the migration of 
contaminated groundwater to lower strata below a confining layer. The telescoping technique 
consists of drilling to a confining layer utilizing a spun casing method with a diamond cutting or 
augering shoe, (a method similar to the rock coring method described in Section 5.2.9, except that 
larger casing is used) or a driven-casing method (see Section 5.2.5 of this guideline), and installing a 
specified diameter steel well casing. The operation consists of three separate steps. Initially, a drilling 
casing usually of 84nch diameter is installed followed by installation of the well casing (6jnch 
diameter is common for 2-inch wells). This well casing is driven into the confining layer to insure a 
tight seal at the bottom of the hole. The well casing is sealed at the bottom with a bentonite-cement 
slurry. The remaining depth of the boring is drilled utilizing a narrower diameter spun or driven 
casing technique within the outer well casing. A smaller diameter well iasing with an appropriate 
length of slotted screen on the lower end is installed to the surface. 
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Clean sand is placed in the annulus around and to a point about 2 feet. above the screen prior to 
withdrawal of the drilling casing. The annular space above the screen and to a point 2 feet above the 
bottom of the outer well casing is sealed with a tremied cement-bentonnte slurry which is prersure- 
grouted or displacement-grouted into the hole. The remaining casing annulus is backfilled with clean 
material and grouted at the surface, or it is grouted all the way to the surface. 

5.4 CLEANOUT OF CASING PRIOR TO SAMPLING 

The boring hole must be completely cleaned of disturbed soil, segregated coarse material and clay 
adhering to the inside walls of the casing. The cleaning must extend to the bottom edge of the casing 
and, if possible, a short distance further (1 or 2 inches) to bypass disturbed soil resulting from the 
advancement of the casing. Loss of wash water during cleaning should be recorded. 

For disturbed samples both above and below the water table and where introduction of relatively 
large volumes of wash water,is permissible, the clean, 5 -? operation is usually performed by washing 
the material out of the casing with water; however, tr Ileaning should never be accomplished with 
a strong, downward directed jet which will disturb the .nderlying soil. When clean-out has reached 
the bottom of the casing or slightly below (as specified above), the string of tools should be lifted one 
foot off the bottom with the water still flowing, until the wash water coming out of the casing is clear 
of granular soil particles. In formations where the cuttings contain gravel and other larger particles, 
it is often useful to repeatedly raise and lower the drill rods and wash bit while washing out the hole, 
to surge these large particles upward out of the hole. As a time saver, the driliin’g contractor may be 
permitted to use a split barrel (split-spoon) sampler with the ball check valve removed as the clean out 
tool, provided the material below the spoon is not disturbed and the shoe of the spoon is not 
damaged. However, because the ball check valve has been removed, in some formations it may be 
necessary to install a flap valve or spring sample retainer in the split spoon bit, to prevent the sample 
from falling out as the sampler is withdrawn from the hole. The use of jet-type chopping bits is 
discouraged except where large boulders and cobbles or hard-cemented soils are encountered. If 
water markedly softens the soils above the water table, clean out should be performed dry with an 
auger. 

For undisturbed samples below the water table, or where wash water musIt be minimized, clean out is 
usually accomplished with an appropriate diameter clean out auger. This auger has cutting blades at 
the bottom to carry loose material up into the auger, and up-turned water jets just above the cutting 
blades to carry the removed soil to the surface. .In this manner there is a minimum of disturbance at 
the top of the material to be sampled. If any gravel material washes down into the casing and cannot 
be removed by the cleanout auger, a split-barrel sample can be taken to remove it. Bailers and 
sandpumps should not be used. For undisturbed samples above the groundwater table, all 
operations must be performed in a dry manner. 

If all of the cuttings created by drilling through the overlying formations are not cleaned from the 
borehole prior to sampling, some of the problems which may be encountered during sampling 
include: 

l When sampling is attempted through the cuttings remaining in the borehole, all or part of 
the sampler may become filled with the cuttings. This limits the amount of sample from 
the underlying formation which can enter and be retained in the sampler, and also raises 
questions on the validity of the sample. 

l If the cuttings remaining in the borehole contain coarse gravel and/or other large particles, 
these may block the bit of the sampler and prevent any materials from the underlying 
formation from entering the sampler when the sampler is advanced. 

0334901 



0 In cased borings, should sampling be attempted through cuttings which remain in the 
lower ponion of the casing, these cuttings could cause the sampler to become bound into 
the casing, such that it becomes very difficult to either advance or retract the sampler. 

l When sampler blow counts are used to estimate the density or strength of the formation 
being sampled, the presence of cuttings in the borehole will usually give erroneously high 
sample blow counts. 

To confirm that all cuttings have been removed from the borehole prior to attempting sampling, it is 
important that the rig geologist measure the “stickup” of the drill string. This is accomplished by 
measuring the assembled length of all drill rods-and bits or samplers (the drill string) as they are 
lowered to the bottom of the hole, below some convenient reference point of the drill string; then to 
measure the height of this reference point above the ground surface. The difference of these 
measurements is the depth of the drill string (lower end of the bit or sampler) below the ground 
surface, which must then be compared with the depth of sampling required (installed depth of casing 
or depth of borehole drilled). If the length of drill string below grade is more than the drilled or 
casing depth, the borehole has been cleaned too deeply, and this deeper depth of sampling must be 
recorded on the log. If the length of drill string below grade is less than the drilled or casing depth, 
the difference represents the thickness of cuttings which remain in the borehole. In most cases, an 
inch or two of cuttings may be loft in the borehole with little or no problem. However, if more than a 
few inches for cuttings are encountered, the borehole must be recleaned prior to attempting 
sampling. 

5.5 MATERIALS OF CONSTRUCTION 

The effects of monitoring well construction materials on specific chemical analytical parameters are 
described and/or referenced in FT-7.01. However, there are several materials used during drilling, 
particularly drilling fluids and lubricants, which must be used with care to avoid compromising the 
representativeness of soil and ground water samples. 

The use of synthetic or organic polymer slurries is not permitted at any location where soil samples for 
chemical analysis are to be collected. These slurry materials could be used for installation of long 
term monitoring wells, but the early time data in time series collection of ground water data may 
then be suspect. If synthetic or organic polymer muds are proposed for use at a given site, a complete 
written justification including methods are procedures for their use must be provided by the site 
geologist and approved by the site manager. The specific slurry composition and the concentration of 
selected chemicals for each site must be known. 

For many drilling operations, potable water is an adequate lubricant for drill stem and drilling tool 
connections. However, there are instances, such as drilling in tight clayey formations or in loose 
gravels, when threaded couplings must be lubricated to avoid binding. In these instances, to be 
determined in the field at the judgment of the site geologist and noted in the Site Logbook, and only 
after approval by the site manager, a vegetable oil or silicone based lubricant should be used. 
Petroleum based greases, etc. will not be permitted. Samples of lubricants used must be provided and 
analyzed for chemical parameters appropriate to the given site. 
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Drilling 

Hollow-stem 
Augmrs 
(Raf 7) 

Thin Wall 
Tube Samplers 

(Ref 7) 

Drill Rods 
(Raf 7) 

ATTACHBlENT A 

Designation or 

6 l/4 
6 3/4 
7 l/4 

13 l/4 

RW 1 3/32 23/32 13/32 
Ew 1 3/8 15/16 7/16 
AW 1 3/4 1 l/4 5/8 
Bw 2 l/8 1 3/4 3/4 
NW 2 S/8 2 l/4 1 3/8 
Iiw 3 l/2 3 l/16 2 3/8 
E 1 S/16 7/a 7/16 
A 1 S/8 1 l/8 9/16 
B 1 t/8 1 l/4 5/8 
N 2 3/8 2 1 

Drivm Extwnal 2 z/2 2.875. 2,323 
Coupled Extra 3 3.5 2.9 
Strong Steal* 3 l/2 4.0 3.364 
Ca8ing (Ref 8) 4 4.5 3.826 

5 5.63 4.813 
6 6.625 5.761 
8 8.625 7.625 

10 10.750 9.750 
12 12.750 11.750 

-zi 

5 
5 3/4 
6 l/4 

12 
._ 

2 
2 l/2 
3 
3 l/2 
4 l/2 
5 

I.D. 
linl 

2 31/4 
2 3/4 
3 IL/4 
6 

1 :?/8 
2 3/8 
2 :?/8 
3 3/8 
4 3/8 
4 3/4 

Coupling I :D. 

Wall 

v . 
0.300 
0.318 
0.337 
0.375 
0.432 
0.500 
0.500 
0.500 

* Add twice thm casing wall thickn888 to casing 0.0. to obtain 
the approximate 0. D. of the crxtarnal pipe couplings. 
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Drillkng 

Flush Coupled 
Casing 
(Ref 7) 

Flush Joint 
Gas ing 
(Raf 7) 

Diamond Core 
Barrals 
(Ref 7) 

ATTACHMENT A 

Designation or 
:;g, 

Rx 
EX 
Ax 
BX 
Nx 
Hx 

1 3/16 
1 S/8 
2 
2 9/16 
3 3/16 
4 l/8 

RW 
EW 
AW 
BW 
NW 
Hw 
Pw 
SW 
uw 
zw 

1 3/16 
1 l/2 
1 29/32 
2 3/8 
3 
4 
5 
6 
7 - 
8 

xw6 
2 3/4 x 3 7/a 

4 x 5 l/2 
6 X 7 3/I 

‘AQ (wirolina) 
BQ (wiralina) 
NQ (wireline) 
HQ (wire1 ina) 

1 f/16 
1 U/16 
2 l/4 
2 7/a 

- 3 l/2 
4 l/2 

1 7/16 
1 13/16 
2 l/4 
2 7/a 
3 l/2 
4 l/2 
s l/2 
6 5/0 
7 S/8 
8 ,5/8 

1 l/2 
1 7/8 
2 3/a 
3 
3 7/a 
3 7/0 
5 l/2 
7 3/4 
1 57/64 
2 23/64 
2 63/64 
3 25/32 

7/0 l * 
1 l/8 ** 
1 S/8 ** 
2 l/8 
3 
2 11/X6 
3 H/16 
5 M/16 
1 l/16 .** 
1 7/16 ** 
1 7/8 
2 l/2 

Coupling I.D. 
ijJ3, 

1 3/16 
1 l/2 
1 29/32 
2 3,'8 
3 
3 15/16 

** Because of the fragfla nature of tha core and the difficulty 
to identify rock datails, usa of small diameter core 
(1 3/a") is not racommndad. 
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1.0 PURPOSE 

The purpose of this document is to establish standard procedures and technical guidance on borehole 
and sample logging. 

2.0 SCOPE 

These procedures provide descriptions of the standard techniques for borehole and sample logging. 
These techniquss shall be ‘used for each boring logged to provide consistent descriptions of 
subsurface lithology. While experience is the only method to develop confidence and atcuracy in the 
description of soil and rock, the field geologist/enQineer can do a good job of classification by careful, 
thoughtful observation and by being consistent throughout the classification procedure. 

3.0 GLOSSARY 

None. 

4.0 RESPONSIBILITIES 

Site Gaolooist - Responsible for supervising all boring activities and assuring that each borehole is 
completely logged. If more than one rig is being used onrite the Site Geologist must make sure that 
each field geologist is properly trained in logging procedures. .A brief review or training session may 
be necessary prior to the start up of the field program and/or upon completion of the first boring. 

5.0 PROCEDURES 

The classification of soil and rocks is one of the most important jobs of the field geologist/engineer. 
To maintain a consistent flow of information, it is imperative that the field geologist/engineer 
understand and accurately use the field classification system described in this SOP. This identification 
is based on visual examination and manual tests. 

5.1 MATERIALS NEEDED 

When logging soil and rock samples, the geologist or engineer may be equipped with the following: 

l Rock hammer 
l Knife 
0 Camera 
l Dilute HCI 
l Ruler (marked in tenths and hundreths of feet) 
l Hand Lens 

5.2 CLASSIFICATION OF SOILS 

All data shall be written directly on the boring log (Exhibit 4-l) or in a field notebook if more space is 
needed. Details on filling out the boring log are discussed in Section 5.5. 
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5.2.1 USC5 Classification 

Soils are to be classified according to the Unified Soil Classification System (USCS). This method of 
classification is detailed in Exhibit 4-2. This method of classification identifies soil types on the basis of 
grain sire and cohesiveness. 

Fine-grained soils, or fines, are smaller than the No. 200 sieve and are of two types: silt (M) and clay 
(C). Some classification systems define size ranges for these soil particles, but for field classification 
purposes, they are. identified by their respective behaviors. Organic material (0) is a common 
component of soil but has no size range; it is recognized by its composition. The careful study of the 
USC5 will aid in developing the competence and consistency necessary for the classification of soils. 

Coarse grained soils shall be divided into rock fraiments, sand, or gravel. The terms and sand and 
gravel not only refer to the size of the soil particles but also to their depositional history. To insure 
accuracy in description, the term rock fragments shall be used to indicate angular granular materials 
resulting from the breakup of rock. The sharp edges typically observed indicate little or no transport 
from their source area, and therefore the term provides additional information in reconstructing the 
depositional environment of the soils encountered. When the term “rock fragments” is used it shall 
be followed by a size designation such as (1/4inch+l/2 inch@)” or “coarse-sand size” either 
immediately after the entry or in the remarks column. The USCS classification would not be affected 
by this variation in terms. 

5.2.2 Color 

Soil colors shall be described utilizing a si le olor descriptor preceded, when necessary, by a 
modifier to denote variations in shade or col 

x 

mixtures. A soil could therefore be referred to as 
“gray” or “light gray” or “blue-gray.” Sin lor can be utilized in correlating units between 
sampling locations, it is important for color scrip ’ s to be consistent from one boring to another. 

Colors must be described while the sample is still moist. Soil samples shall be broken or split vertically 
to describe colors. Samplers tend to smear the sample surface creating color variations between the 
sample interior and exterior. 

The term “mottled” shall be used to indicate soils irregularly marked with spots of different colors. 
Mottling in soils usually indicates poor aeration and lack of good drainage. 

‘hw$il Color Charts &$!a@ be used . e? 

5.2.3 Relative Dwritv and Conristancy 

To classify the relative density and/or consistency of a soil, the geologist is to first identify the soil 
type. Granular soils contain predominantly sands and gravels. They are noncohesive (particles do not 
adhere well when compressed). Finer grained soils (silts and clays) are cohesive (particles will adhere 
together when compressed). 

The density of noncohesive, granular soils is classified according to standard penetration resistances 
obtained from split barrel sampling performed according to the methods detailed in Standard 
Operating Procedures GH-1.3 and SA-1.2. Those designations are: 
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I Designation 
I 

Standard Penetration 
Resistance (Blows per Foot) I 

1 Very loose I Oto4 I 

Loose 5 to .J#9 

Medium dense /otl”to 3@ 2 9 

Dense 

Verv dense 

30 Vrto584 I 
Over 50 

Standard penetration resistance is the number of blows required to drive a split-barrel sampler with a 
2-inch outside diameter 12 inches into the material using a 140 pound hammer failing freely through 
30 inches. The sampler is driven through an 18-inch sample interval, and the number of blows is 
recorded for each 6-inch increment. The density designation of granular soils is obtained by adding 
the number of blows required to penetrate the last 12 inches of each sample interval. It is important 
to note that if gravel or rock fragments are broken by the sampler olr if rock fragments are lodged, in 
the tip, the resulting blow count will be erroneously high, reflecting a higher density then actually 
exists. This shall be noted on the log and referenced to the sample number. Granular soils are given 
the USC5 classifications GW, GP, GM, SW, SP, SM, CC, and SC (see Exhibit 4-2). 

The consistency of cohesive soils is determined by performing field tests and identifying the 
consistency as shown in Exhibit 4-3. Cohesive soils are given the USC5 classifications ML, MH, CL, CH, 
OL, or OH (see Exhibit 4-2). 

The consistency of cohesive soils is determined either by blow counts, a pocket penetrometer (values 
listed in the table as Unconfined Compressive Strength) or by hand by determining the resistance to 
penetration by the thumb. The pocket penetrometer and thumb determination methods are 
conducted on a selected sample of the soil, preferably the lowest 0.5 foot of the sample in the split- 
barrel sampler. The sample shall be broken in half and the thumb or penetrometer pushed into the 
end of the sample to determine the consistency. Do not determine consistency by attempting to 
penetrate a rock fragment. If the sample is decomposed rock, it is’ classified as a soft decomposed 
rock rather than a hard soil. Consjstency shall not be determined solely by blow counts. One of the 
other methods shall be used in conjunction with it. The designations used to describe the consistency 
of cohesive soils are as follows: 

I / 

Field Identification Methods 
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5.2.4 Weiaht Percentaaes 

In nature, soils are comprised of particles of varying size and ‘shape, and are combinations of the 
various grain types. The following terms are useful in the description of soil: 

Terms of Identifying Proportion of the Component I Defining Range of Percentages by Weight I 

I@! ! I 
1s - zs pccn+ 

30 - 4s rjlecnt 
so - 100 p*wLt 

ine sand, 31 to SO percent nit. 

l Me&m to coarse sand, som/silt: 70 to 80 percent medium ‘to coarse sand, 11 to 30 percent 

nd: 70 to 89 percent clayey silt, 11 to 30 percent coarse sand. 

5.2.5 ’ Moirturq 
\ #we ahd 

Moisture content is estimated in the field according to krdr categories: dry, moist,hwef a&- 
-d. In dry soil, there appears no water. Saturated samples obviously have all the 
water they can hold. Moist and wet are somewhat subjective and often are determined 
by the individual’s judgment. A sug rameter for this would be calling a soil wet if rolling it in 
the hand or on a porous surface water, i.e., dirties or muddies the surface. Whatever 
method is adopted for describing it is important that the method used by an individual 
remains consistent throughout an enti 

P c i400 -841 
Laboratory tests for water content shall be performed if the natural water content is important. 

5.2.6 Stratification 

Stratification can only be determined after the sample barrel is opened. The stratification or bedding 
thickness for soil and rock is depending on grain size and composition. The classification to be used 
for stratification description is shown in Exhibit 4-4. 

5.2.7 Texture/Febric/Beddinq 

The texture/fabric/bedding of the soil shall be described. Texture is described as the relative 
angularity of the particles: rounded, subrounded, subangular, and angular. Fabric shall be noted as 
to whether the particles are flat or bulky and whether there is a particular ‘relation between particles 
(i.e., all the flat particles are parallel or there is some cementation). The bedding or structure shall 
also be noted (e.g., stratified, lenred, nonstratified, heterogeneous varved). 
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5.2.8 Summarv of Soil Classification 

In summary, soils shall be classified in a similar manner by each geologist/engineer at a project site. 
The hierarchy of classification is as follows: 

l Density and/or consisl:ency 
0 Color 
l Plasticity (Optional) 

G 

l Soil types (US& > 
L 

See Also lfl.us+ EC siQ;\ 
l Moisture content I 
0 Stratification 

de set-+&Oh w-p tk4mA , 

l Texture, fabric, bedding ._ 
l Other distinguishing features 

5.3 CLASSIFICATION OF ROCKS 

c 

hJ ore : See G&+0 ewt Err &c.k CQri’n 

4Y 
~rw4i~R c s-l-4. h. T-* 12 * 236 

4 

Lo, 

Rocks are grouped into three main divlslons, include g sedimentary, igneous and metamorphic rot s. 
Sedimentary rocks are by far t!he predominant type exposed at the earth’s surface. The following 
basic names are applied to the types of rocks found in sedimentary sequences: 

Sandstone - Made up predominantly of granular materials ranging between l/16 to 2 mm 
in diameter. 

Siltstone - Made up of granular materials less than 1/16to l/256 mm in diameter. ractures 
irregularly. Medium ,thick to thick bedded. 

Claystone - Vary fine grained rock made up of clay and silt-size materials. Fractures 
irregularly. Very smooth to touch. Generally has irregularly spaced pitting on surface of 
drilled cores. 

Shale - A fissile very fiine grained rock. Fractures along bedding planes. 

Limestone - Rock made up predominantly of calcite (CaCO3). Effervesces strongly upon the 
application of dilute hydrochloric acid. 

Coal - Rock consisting mainly of organic remains. 

Others - Numerous other sedimentary rock types are present in IQsrer amounts in the 
stratigraphic record. The local abundance of any of these rock types is dependent upon the 
depositional history of the area. These include conglomerate, halite, gypsum, dolomite, 
anhydrite, lignite, etc. are some of the rock types found in lesser amounts. 

In classifying a sedimentary roclk the following hierarchy shall be noted: 

D334901 
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5.3.1 Rock Tvw 

As described above, there are numerous names of sedimentary rocks. In mOSt cases a rock will be a 
combination of several grain types, therefore, a modifier such as a sandy siltstone, or a silty sandstone 
can be used. The modifier indicates that a significant portion of the rock type is composed of the 
modifier. &her modifiers can include carbonaceous, calcareous, siliceous, etc. 

Grain size is the basis for the classification of elastic sedimentary rocks. Exhibit O-5 is the Udden- 
Wentworth classification that will be assigned to sedimentary rocks. The individual boundaries are 
slightly different than the U.SCS subdivision for soil classification. For field determination of grain 
sizes, a scale can be used folr the coarse grained rocks. For example, the division between siltstone 
and claystone may not be measurable in the field. The boundary shall be determined by use of a 
hand lens. If the grains cannot be seen with the naked eye but are distinguishable with a handlenr, 
the rock is a siltstone. If the grains are not distinguishable with a handlens, the rock is a claystone. 

5.3.2 &g&r 

The color of a rock can be determined in a similar manner as for soil samples. Rock core samples shall 
be classified while wet, when possible, and ai.r cored samples shall be scraped clean of cuttings prior 
to color classifications. 

Rock Color Charts sla%ik be usid++ 

5.3.3 Beddina Thickness 

The bedding thickness designations applied to soil classification will also be used for rock 
classification. 

5.3.4 Hardness 

L SW. CA0 mkblc 1 &&&fC a-ii. &lo. T.\Z.236] 
The hardness of a rock is a function of the compact&, cementation, and mineralogic.al composition 
of the rock. A relative scale for sedimentary rock hardness is as follows: 

l Soft - Weathered, considerable erosion of core, easily gouged by screwdriver, scratched by 
fingernail. Soft rock crushes or deforms under pressure of a pressed hammer. This term is 
always used for the hardness of the saprolite (d’ecomposed rock which occupies the zone 
between the lowest soil horizon and firm bedrock). 

l Medium soft - Slight erosion of core, slightly gouged by screwdriver, or breaks with 
crumbly edges from single hammer blow. 

0 Medium hard - No core erosion, easily scratched by screwdriver, or breaks with sharp edges 
from single hammer blow. 

l Hard - Requires several hammer blows to break and has sharp conchoidal breaks. Cannot 
be scratched with screwdriver. 

Note the difference in usage here of the works “scratch” and “gouge.” A scratch shall be considered 
a slight depression in the rock (do not mistake the scraping off of rock flour from drilling with a 
scratch in the rock itself), while a gouge is much deeper. 
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5.3.5 Fracturinq 

The degree of fracturing or brokeness of a rock is described by measuring the fractures or joint 
spacing. After eliminating drilling breaks, the average spacing is calculated and the fracturing is 
described by the following terms: 

l Very broken (V. BR.) - Less than 2 in. spacing between fractures 
l Broken (BR.) - 2 in. to 1 ft. spacing between fractures 
l Blocky (BL.) - 1 to 3 ft. spacin’g between fractures 
l Massive (M.) - 3 to 10 ft. spacing between fractures 

The structural integrity of the rock can be approximated by calculating the Rock Quality Designation 
(RQD) of cores recovered. The RQD is determined by adding the total lengths of all pieces exceeding 
4 inches and dividing by the total length of the coring run, to obtain a percentage. 

Method of Calculating RQD 
(After Deere, 1964) 

RQD % = r/l x 100 

r = Total length of all pieces of the lithologic unit being measured, which are greater than 
4 inches length, and have resulted from natural breaks. Natural breaks include slickensides, 
joints, compaction slicks, bedding plane partings (not caused by drilling), friable zones, etc. 

I = Total length of the coring run. 

5.3.6 Weatherinq 

The degree of weathering is a significant parameter that is important in determining weathering 
profiles and is also useful in engineering designs. The following terms can be applied to distinguish 
the degree of weathering: 

l Fresh - Rock shows little or no weathering effect. Fractures or joints have little or no 
staining and rock has a bright appearance. 

l Slight - Rock has some staining which may penetrate several centimeters into the rock. Clay 
filling of joints may occur. Feldspar grains may show some alteration. 

l Moderate - Most of the rock, with exception of quartz grains, is stained. Rock is weakened 
due to weathering and can be easily broken with hammer. 

l Severe - All rock including quartz grains is stained. Some of the rock is weathered to the 
extent of becoming a soil. Rock is very weak. 

5.3.7 Other Characteristic% 

The following items shall be included in the rock description: 

l Description of contact between two rock units. These can be sharp or gradational. 
l Stratification (parallel, cross stratified) 
l Description of any filled cavities or vugs. 
l Cementation (calcoreous, siliceous, hematitic) 

0334901 
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0 Description of any joints or open fraCtUreS. 
l Observation of the presence of fossils. 
o Notation of joints with depth, approximate angle to horizontal, any mineral filling or 

coating, and degree of weathering. 

All information Shown on the boring logs shall be neat to the point where it can be reproduced-on a 
copy machine for report presentation. The data shall be kept current to provide control of the 
drilling program and to indicate various areas requiring special consideration and sampling. 

5.3.8 Additional Terms Used in the Description of Rock 

The following terms are used to further identify rocks: 

l Seam - Thin (12 inch or less), probably continuous layer. 

l Some - Indicates significant (15 to 40 percent) amounts of the accessory material. For 
example, rock composed of seams of sandstone (70 percent) and shale (30 percent) would 
be “sandstone -- m shale seams.” 

l Few - Indicates insignificant (0 to 15 percent) amounts of the accessory material. For 
example, rock composed of seam of sandstone (90 percent) and shale (10 percent) would 
be “sandstone - few shale seams.” 

l Interbedded - Used to indicate thin or very thin alternating seams of material occurring in 
approximately equal amounts. For example, rock composed of thin alternating seams of 
sandstone (50 percent) and shale (50 percent) would be “interbeddfl sandstone and 
shale.” 

l Interlayered - Used to indicate thick alternating seams of material occurring in 
approximately equal amounts. 

The preceding sections describe 
names that are applied to igneo 

0 Basalt - A fine-grained 
pyroxene. 

sification of sedime cks. The following are some basic 

ed primarily of calcic plagioclase and 

l Rhyolite - A fine-gra 
fine-grained equivalent of a gram 

0 Granite - A coarse-grained piutonic 

l Diorite - A coarseqrained pl 
hornblende. 

taining abundant quartz and orthoclase. The 

consisting essentially of alkali feldspar and quartz. 

consisting essentially of sodic pfagioclase and 

l Gabbro - A coarse-grain calcic plagioclase and clinopyroxene. 
Loosely used for any coa 

Numoer Page 
GH-1.5 9 of 26 I 

Rewon 
2 

~Effecttue Date 
05/04/90 

I 

D334901 



I Subject 

BOREHOLE AND SAMPLE LOGGING 

Numoer ?age 

GH-1.5 10of 26 

Rewon Effectwe Date 
2 05/04/90 ” 

The following are some basic name 

0 Slate - A very fine-graine 
Contains predominantly 

l .Phyllite - A fine-grained foliate 
cleavage surface. 

0 Schist - A medium to c 
micaceous minerals whi 

eveloped slaty cleavage. 

eets with a silky sheen on 

allel arrangement of the 

0 Gneiss - A coarse-graine 

0 Quarttite - A fine to 
essentially of quartz sa 

5.4 ABBREVIATIONS 

Abbreviations may be used in th 
minimum. Following are some of the 

and platy minerals. 

across grains, consisting 

However, they shall be kept at a 
viations that ma 

5.5 

This section describes in more detail the procedures to be used in completing boring logs in the field. 
Information obta’ined from the preceeding sections shall be used to complete the logs. A sample 
boring log has been provided as Exhibit 4-6. The field geologist/engineer shall use this example as a 
guide in completing each borings log. Each boring log shall be fully described by the 
geologist/engineer ps the borina is beina drilled. Every sheet contains space for 2Sfeet of log. 
Information regarding classification details is provided on the back of the boring log, for field use. 

5.5.1 foil Classification 

l Identify site name, boring number, job number, etc. Elevations and water level data to be 
entered when surveyed data is available. 

l Enter sample number (from SPT) under appropriate column. Enter depth sample was taken 
from .(l block I 1 foot). Fractional footages, i.e., change of lithology a 13.7feet, shall be 
lined off at the proportional location between the 13 and ldfoot marks. Enter blow 
counts (Standard Penetration Resistance) diagonally (as shown). Standard penetration 
resistance is covered in Section 52.3. 

0334901 
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0 

0 

0 

0 

0 

l 

0 

0 

Determine sample recovery/sample length as shown. Measure the total length of sample 
recovered from the split spoon sampler, including material in the drive shoe. Do not 
include cuttings or wash material that may be in the upper portion of the sample tube. 

Indicate any change in lithology by drawing a line at the appropriate depth. For example, 
if clayey silt was encountered from 0 to 5.5 feet and shale from 5.5 to 6.0 feet, a line shall 
be drawn at this increment. This information is helpful in the construction of 
cross-sections. As an alternative, symbols may be used to identify each change in lithology. 

The density of granular soils is obtained by adding the number of blows for the last two 
increments. Refer to Density of Granular Soils Chart of back of log sheet. For consistency of 
cohesive soils refer also to the back of log sheet - Consistency of Cohesive Soils. Enter this 
information under the appropriate column. Refer to Section 52.3. 

Enter color of the material in the appropriate column. 

Describe material using the USCS. Limit this column for ample description only. The 
predominate material is described last. If the primary soil is silt but has fines (clay) - use 
clayey silt. Limit soil descriptors to the following: 

- Trace 0 - 10 percent 
* Some 11 - 30 percent 
m And 3 1 - 50 percent 

Also indicate under Material Classification if the material is fill or natural soils. Indicate 
roots, organicmaterial, etc. 

Enter USCS symbol - use than on back of boring log as a guide. If the soils fail into one of 
two basic groups, a borderline symbol may be used with the two symbols separated by a 
slash. For example ML/CL or SM/SP. 

The following information shall be entered under the Remarks Column and shall include, 
but is not limited by the following: 

v Moisture - estimate moisture content using the following terms - dry, moist, wet 
and saturated. These terms are determined by the individual. Whatever method 
is used to determine moisture, be consistent throughout the log. 

* Angularity - describe angularity. of coarse grained particles using Angular, 
Subangular, Subrounded, Rounded. Refer to ASTM D 2488 or Earth Manual for 
criteria for these terms. 

s Particle shape - flat, elongated, or flat and elongated. 

s Maximum particle size or dimension. 

m Water level observations. 

- Reaction with HCI - none, weak or strong. 

0334901 
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l Additional comments: 

Indicate presence of mica, caving of hole, when water was encountered, difficulty 
in drilling, loss or gain of water. 

* Indicate odor and HNu or OVA reading if applicable. 

- Indicate any change in lithology by drawing in line through the Iithology change 
column and indicate the depth. This will help later on when cross-sections are 
constructed. 

- At the bottom of the page indjcate type of rig, drilling method, hammer size and 
drop and any other useful information (i.e., borehole size, casing set, changes in 
drilling method). 

- Vertical lines shall be drawn (as shown in Exhibit 4.6) in columns 5 to 8 from the 
bottom of each sample to the top of the next sample to indicate consistency of 
material from sample to sample, if the material is consistent. Horizontal lines shall 
be drawn if there is a change in lithology, then vertical lines drawn to that point. 

Indicate screened interval of well, as needed, in the lithology column. Show top 
and bottom of screen. Other details of well construction are provided on the well 
construction forms. 

5.5.2 Rock Classification 

Indicate depth at which coring began by drawing a line at the appropriate depth. Indicate 
core run depths by drawing coring run lines (as shown) under the first and fourth columns 
on the log sheet. Indicate RQD, core run number, RQD percent and core recovery under 
the appropriate columns. 

Indicate lithology change by drawing a line at the appropriate depth as explained in 
Section 5.5.1. 

Rock hardness is entered under designated column using terms as described on the back of 
the log or as explained earlier in this section. 

Enter color as determined While the core sample is wet; if the sample is cored by air, the 
core shall be scraped clean prior to describing color. 

Enter rock type based on sedimentary, igneous or metamorphic. For sedimentary rocks use 
terms as described in Section 5.3. Again, be consistent in classification. Use modifiers and 
additional terms as needed. For igneous and metamorphic rock types use terms as 
described in Sections 53.8. 

Enter brokenesr of rock or degree of fracturing under the appropriate column using 
symbols VBR, BR, BL, or M as explained in Section 5.3.5 and as noted on the back of the 
Boring Log. 

0334901 
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l The following information shall be entered under the remarks column. Items shall include 
but are not limited to the following: 

Indicate depths of joints, fractures and breaks and also approximate to horizontal 
angle (such as high, low), i.e., 70” angle from horizontal, high angle. 

- Indicate calcareous zones, description of any cavities or vugr. 
- Indicate any loss or gain of drill water. 
- Indicate drop of drill tools or change in color of drill water. 

0 Remarksat the bottom of Boring Log shall include: 

Type and size of core obtained. ~ 
Depth casing was set. 

- Type of Rig used. 

l Asa final check the boring log shall include the following: 

. Vertical lines shall be drawn as explained for soil classification to indicate 
consistency of bedrock material. 

w If applicable, indicate screened interval in the lithology column. Show top and 
bottom of screen. Other details of well construction are provided on the well 
construction forms. 

5.5.3 Classification of Soil and Rock from Drill Cuttinas 

The previous sections describe procedures for classifying soil and rock samples when cores are 
obtained. However, some drilling methods (air/mud-rotary) may require classification and borehole 
logging based on identifying drill cuttings removed from the borehole. Such cuttings provide only 
general information on subsurface lithology. Some procedures that shall be followed when logging 
cuttings’are: 

l Obtain cutting samples at approximately 5 foot intervals, sieve the cuttings (if mud rotary 
drilling) to obtain a cleaner sample, place the sample into a small sample bottle or “zip 
lock” bag for future reference, and label the jar or bag (i.e. hole number, depth, date etc.). 
Cuttings shall be closely examined to determine general lithology. 

l Note any change in color of drilling fluid or cuttings, toestimate changes in lithology. 

0 Note drop or chattering of drilling tools or a change in the rate of drilling, to determine 
fracture locations or lithologic changes. 

l Observe loss or gain of drilling fluids or air (if air rotary methods are used), to identify 
potential fracture zones. 

l Record this and any other useful information onto the boring log as provided in 
Exhibit4-1. 

This logging provides a general description of subsurface lithology and adequate information can be 
obtained through careful observation of the drilling process. It is recommended that split barrel and 
rock core sampling methods be used at selected boring locations during the field investigation to 
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provide detailed information to supplement the less detailed data generated through borings drilled 
using air/mud rotary methods. 

5.6 REVIEW 

Upon completion of the borings logs, copies shall be made and reviewed. Items to be reviewed 
include: 

0 Checking for consistency of all logs 
a Checking for conformance to the guideline 
a Checking to see that all information is entered in their respective columns and spaces 

. . 
6.0 REFERENCES 

Unified Soil Classification System (USCS) 

ASTM 024R8,1985 

Earth Manual, U.S. Department of the Interior, 1974 

7.0 RECORDS 

Originals of the boring logs shall be retained in the project files. 
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EXHIBIT 4-1 

BORfNG LOG NUS CORPORATfON 

PROJE~: .,.,, ...,,_. ._ ,..t ._., .._,...._....... BORlNG NO... . .,......,.._. ,, . ..,_ . 
PROJECT NO.: ..,. . . . . . . .._...... . DATE: DRIL-ER: ._...., 

ELEVATION: . .._ _. . . . FIELD GEOLOGIST: .._.. . . . . . . . . . . . . . . . . . . . . . 
WATER LEVEL DATA : ,. ,. .._. , .,_, ._ _, ._ _. . . . ., ,_. . 
(Datr,Time b Conditions) . . . . . . . . . . 

REMARKS 
8ORlNG 

- PAGE OF m- 
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EXHIBIT 4-3 

CONSISTENCY FOR COHESJVE SOILS 

I Subject 
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I* 

Number 
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Page 
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Unconfined 
Compressive 

Consistency 
(Blows 

per Foot) 
Strength 

(tons/square 
foot by pocket 

penetration 

Field Identification 

I 
\ dery soft 

I 
4 iOft . 

I 

oto2 

2to4 

Less than 0.25 

0.25 to 0.50 

Easily penetrated several inches by fist 

Easily penetrated several inches by thumb 

f Medium stiff 
I 

4to8 0.50 to 1 .o 
Can be penetrated several inches by 
thumb with moderate effort 

t itiff . 
I 
\ Jery stiff 

L 
f lard 

I 

8to 15 

15 to 30 

Over 30 

1 .o to 2.0 

2.0 to 4.0 

More than 4.0 

Readily indented by thumb but penetrated 
only with great effort 

Readily indented by thumbnail 

Indented by thumbnail 

i 
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EXHIBIT 4-4 

BEDDING THICKNESS CLASSlFlCAllON 

Thickness Thickness (Approximate 
(Metric) English Equivalent) 

Classification 

, 
> 1 .O.meter > 3.3’ Massive 

30 cm - 1 meter 1 .O’ - 3.3’ Thick Bedded 
! 

lOcm-30cm 4” --1.0' Medium Bedded 
I I 

3cm-10cm 1” -4” Thin Bedded 

1 cm-3cm 2/S” - 1” Very Thin Bedded 
r I 

3mm-lcm l/8” - 215” Laminated 

1 mm-3mm l/32” : l/8” Thinly Laminated 
1 

<l mm <l/32’ Micra Laminated 

(Weir, 1973 and Ingram, 1954) 
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EXHIBIT 4-5 

GRAIN SIZE ClASSlFlCATlON FOR ROCKS 

r 

I 
I 1 

Particle Name 
I 

Grain Size Diameter 
I 

I 

Cobbles >64mm 

Pebbles 4-64 mm 

Granules 2-4 mm I_ 

Very Coarse Sand l-2 mm 

Coarse Sand 0.5-l mm 

Medium Sand 0.25-0.5 mm 

Fine Sand 0.125-0.25 mm 

Very Fine Sand 0.0625-O. 125 mm 

Silt 0.0039-0.0625 mm 

After Wentworth, 1922 
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1.0 PURPOSE 

The purpose of this procedure is to provide reference information regarding the appropriate 
procedures, to be followed when conducting decontamination activities of drilling equipment. and 
monitoring well materials used during field investigations. 

2.0 SCOPE 

This procedure addresses only drilling equipment and monitoring well materials decontamination, 
and shall not be considered for use with chemical sampling and field analytical equipment .- 
decontamination. 

3.0 GLOSSARY 

None. 

4.0 RESPONSIBILITIES 

Field Operations Leader - Responsible for ensuring that project specific plans and the implementation 
of field investigations are in compliance with these procedures. 

5.0 PROCEDURES 

To insure that analytical chemical results are reflective of the actual concentrations present at 
sampling locations, various drilling equipment involved in field investigations must be properly 
decontaminated. This will minimize the potential for cross-contamination between sampling 
locations, and the transfer of contamination off site. 

Prior to the initiation of a drilling program. all drilling equipment involved in field sampling activities 
shall be decontaminated by steam cleaning at a predetermined area. The steam cleaning procedure 
shall be performed using a high-pressure spray of heated potable water producing a pressurized 
stream of steam. This steam shall be sprayed directly onto all surfaces of the various equipment which 
might contact environmental sample. The decontamination procedure shall be performed until all 
equipment is free of all visibie potential contamination (dirt, grease, oil, noticeable odors, etc.) In 
addition, this decontamination procedure shall be performed at the completion of each sampling 
and/or drilling location, including soil borings, installation of monitoring wells, test pits, etc. Such 
equipment shall include drilling rigs, backhoes, downhole tools, augers, well casings, and screens. 

The steam cleaning area shall be designed to contain decontamination wastes and waste waters, and 
can be a lined excavated pit or a bermed concrete or asphalt pad. For the latter, a floor drain must be 
provided which is’connected to a holding facility. A shallow above-surface tank may be used or a 
pumping system with discharge to a waste tank may be installed. 

In certain cases, due to budget constraints, such an elaborate decontamination pad is not possible. In 
such cases, a plastic lined gravel bed pad with a collection system may serve as an adequate 
decontamination area. The location of the steam cleaning area shall be on site in order to minimize 
potential impacts at certain sites. 
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Guidance to be used when decontaminating equipment shall include: 

l As a general rule, any part of the drilling rig which extends over the borehole, shall be 
steam cleaned. 

l All drilling rods, augers, and any other equipment which will be introduced to the.hole 
shall be steam cleaned. 

l The drilling rig, all rods and augers, and any other potentially contaminated equipment 
shall be’decontam,inated between each well location to prevent cross contamination of 
potential hazardous substances. 

Rinsate samples of well casing and screens may be-necessary if specifically required for a given site. If 
required, at least 1 percent, and no more than 5 percent of steam cleaned lengths of casing and 
screens combined shall be sampled. 

Prior to leaving at the end of each work day and/or at the completion of the drilling program, drilling 
rigs and transport vehicles used onsite for personnel or equipment transfer shall be steam cleaned. A 
drilling rig left at the drilling location does not need to be steam cleaned until it is finished drilling at 
that location. 

6.0 RECORDS 

None. 

0334901 
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INTRODUCTION 

Purpose - This Standard establishes information to be cokcted and logging format to be 
used during the inspection of soil borings. This Standard is intended to establish consistency 
betweem logs and geologists thereby facilitating improved geological analysis, data presenta- 
tion, and data base entry. 

Application 

1.2.1 This Standard applies to all soil boring inspection work. 

1.2.2 This Standard applies to two versions of the Field Soil Boring Log - one with 
atmosphxic monitoring and one without (Appendix A). 

1.2.3 

m If a heading is underlined, the whole s&on, inciuding subsections, is a 
policy. This paragraph is an example of policy since the controlling 
paragraph heading is underlined. 

I Deviation tiom policy shall be allowed only in accordance with Tecbnicai 
Standard T.00.006 - Policy for Deviation or Waivers j-om Technical 
standard. 

1.2.4 

lve Damp; - This Standard shall be efkxive on the date listed as the origin date. 
(Revisions to this Standard shall be $kctive on the date listed as the revision date.) 

m - The interpreting authority of this Standard is the Earth Science and Chemistry 
Discipline Manager. 

(8 hat Environment & hfhd~ctnre Inc. - 1995 



Standard Number 
Revision Date 
Origin Date 
Page 

T. 12.201 
01/16/95 

2 

, I 
1.5 Ditibution - Holders of Technical Standard Binder - Volumes 12D and 12E.. 

1.6 Glossary - All soii boring logs should contain approved soil descriptive terms. Descriptive 
terms and abbreviations to be used are presented in Table 1. Abbreviations should be used 
sparinrsly * 

2 REQUIRENENTs .- 

2.1 Personnel inspecting soil borings shall follow this technical standard using the Rust E&I 
Boring Log. An example of a completed log is provided in Appendix B, with descriptive 
terms and criteria for describing terms. 

2.2 The enforcement ofthis Standard shall be in accordance with TecbnicaI Standard T.00.006 - 
Policy for Deviations of Waivers from Technical Standards. 

2.3 Logging of soil borings shall be done in accordance with ASTM Standard D2488-6984, 
Recommended Practice for Description of Soils (VisuaiManual Procedure) and the 
procedures specified in Section 4.0. 

2.4 Penetration tests and spiit spoon sampling shall be completed in accordance with ASTM 
Standard D1586-84, Penetration Test and Spiit-Barrei Sampling of Soils. 

3 RESFONSlBILITlES 

The Earth Science and Chemistry Discipline Manager, in cooperation with the Earth Science 
Croup Manager, is responsible for the updating and quality controi associated with this 
Standard. 

4 PROCEDURES 

4.1 General Instructions - The following should be completed before boring begins: 

4.1.1 Complete ail boring logs in black indelible ink. Pencil may be used when the logs 
wiii not be used as legal documents. Print ckarky. 



Standard Number 
Revision Date 
Crigin Date 
l?age 

T. 12.20 1 
01/16/95 

3 

4.1.2 Complete ail general information on the top front and reverse of the boring log 
form (Appends A) b&ore driihng begins. General inform&on in&des the site 
name, project number, boring number, drilling method, personnel and companies 
completing the boring, and equipment to be used. A Borehole numbering system 
is established as outlined in T. 12.202. 

4.1.3 Set the depth scale in the “Depth in Feet” cohnnn. The boxing log has a prepared 
scale with each fU solid line representing one foot. Segments should never 
represent more than one foot. Record the depth in feet, at every fi& line (these 
lines are in bold print for easy recognition). Never include more than 20 feet per 
Page. 

4.2 Air Monitoring - When atmospheric monitoring is conducted, the appropriate version the 
Field Boring Log should be used. The Field Boring Log wkmospheric monitoring includes 
several extra cohmns to &ciliate recording of instrument madings. These columns are on 
the far right hand portion of the log and should in&de the time and irstxumti readings 
(photoionization detector, oxrgen meter, etc.) for each corresponding deptbinterval. 

4.3 Sampiing Data - The following instructions should be used when completing the sampling 
data portion of the boring log (refer to Appendix B). The majority of this information can 
be completed prior to removing the sample ‘from the borehole or opening the sampling 
device. 

4.3.1 Interval - Record the sampling interval within this column (only included on Field * 
Boring Log w/atmospheric monitoring). 

4.3.2 Type - The sample type shouid be recorded in this cohnnn, i.e., SS=Split Spoon, 
ST-Shelby Tube, 5 A CS-5 A Continuous Sampler, etc. 

4.3.3 Attempted - The column labeled “A” is for designating the interval over which 
sampling was attempted. Normal sampie inter& are 18 or 24 inches. Hatchure 
the attempted sample interval in the ‘A” column. 

Q3 Rust Environment dk Infrasmcture Inc. - 19% 
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4.3.4 Recovered ; The cohnnn labeled “R” is provided to record the amount of sample 
recovered. Hatohure the recovered sample length under this cohmm. The length 
recovmd is m43mred fhm the top ofthe attempted sample interval when less than 
kll recovery is obtained. 

4.3.5 Blow Counts - Record blow count information in the column labeled “B.” The 
driller should provide blow counts for each 0.5-foot interval driven during 
sampling. When possible, count blow counts yourself rather than rely on the 
driller. Do not applly more than 50 blows for each 0.5-foot interval. If less than 
0.5 feet was penetrated after 50 blows, write number of blow, siash I’/“, and the 
total length of penetration. Penetration will be recorded in tenths of feet. 

4.3.6 The N value (Standard Penetration Resistance) is a representation of the 
geotechnicai properties of the soil. The value is computed by adding the blow 
count values for the w OS-foot intervals. N values cannot be 
obtained ifcontixmo~~ sod core or Shelby tube sampling methods are used. Only 
a 140”pound hammer dropped 30 inches should be used to calcuke N values. If 
a huger hammer weight is used, it shouid be recorded. 

4.4 USCS Code 

4.4.1 USCS - After extracting the sampling device from. the borehole and opening the 
sampler, recovered soil should be ch~ifkxi and described. Procedures to be used 
to classi@ and describe soil are found in ASTM D2488 and ASTM D2487. The 
Unified Soil Classifktion System (USCS) flow charts utilized for soil 
classitication are found in Appendix C. Please note that dual and borderiine 
dassifkations are acceptable. However, use of these classifications should not be 
indiscriminate and must conform to ASTM D2488. 

4.5 Soil Descripuon - A general list of soil properties to be described is provided on the back of 
the boring log. Description of soil properties should be compked in the order outlined 
below. This order is specifkd to allow for easier data transfer between field and final logs 
and to provide a checklist to help ensure that at a minimum these components of the soti 
desoription are inchtded. 

Q Rwt Envimnmmt % hfrmtnwtum Inc. - I.995 
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4.5.1 soil 

4.5.1.1 C~cy#ensity - Based on the N value as identifkd in Table 1 and 
on the chart on the back of the boring log list the consistency/density 
ofthe soil. Terms describing consistency are used to log cohesive soils 
(i.e. clays, siky clays, etc.). Terms desctibing dtity areused to log 
noncohesive soils (i.e. sands, gravels). Write the seiected abbreviated 
consistency/ density modifiers selected in the far left corner of the first 
line of the sampied interval. Please note that the consistency/density 
designations and corresponding N values are an internal standard 
consistent with standard industry practice. Variations do exist. The 
most important consideration is accurate recording of the blow counts 
to facilitate interpretation by a geotechnical engineer. 

4.5.1.2 Color - Coior is the most obvious feature of the sample. A Munsell 
color chart is to be used to determine the appropriate color code 
(huekhroma). Verbal description of color should precede the color 
code (i.e. dark reddish gray, 5 YR, 412). 

4.5.1.3 CompositionKJSCS Description - Study the composition, physical 
properties, etc., of the sampie and visually classi@ the soil. Assign a 
USCS group name using ail capitals, and the USCS group symbol in the 
column provided according to ASTM D2488. Evaluate the primary and 
secondary components and list them by order of relative percent in the 
description of the soil. Indicate the percent term as follows: <5, trace, 
5-10, few; 15-25, little; 30-45, some; 1~50, mostly. Optionally, the 
percentage of primary and secondary components may be noted within 
the lower right hand corner ofthe description as AAIBBKC, where AA 
is the percentage of gravel, BB is the percentage of sand, and CC is the 
percentage of fines (ciay and silt). Large particles should include a 
description of their physical shape (i.e., roundness or angularity) and 
mineral composition. These descriptions should be consistent with 
ASTM D2488 as noted on the back of the boring log. Use the texture 
and size abbreviations as follows: 

Cp Rust Envimunent dk hfra~tnmtun IIIC - 1995 
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Boulder ;r305llUll Larger than basketball 

Cobbles 76 mm - 305 mm Grapefruit 

Coarse gravel 19mm-76mm Orange or Lemon 

Fii gravel 4.7&m- 19mm Grape or pea 

Coarse sand 2 mm - 4.75 mm R.ocksait 

Medium sand 0.42 mm - 2 mm Sugar, table salt 

Fine sand 0.075 - 0.42 mm Powdered sugar 

Fines Less than 0.075 mm 4 

4.5.1.4 

4.5.1.5 

4.5.1.6 

4.5.1.7 

Moisture Content - Note the approximate moisture content of the 
sample. Terms used when describing moisture are dry, moist, and wet 
(water visible in voids). Consider the size of the soil pore space when 
estimating moisture content. 

Plasticity - Plasticity attempts to quan* a soil’s consistency with 
varying water content. Cons& the techniques presented in ASTM 
Standard D2488-84, Techniques Used To Determine Plasticity. Fine 
grained, cohesive soil, will most likely display plasticity. Do not 

The modifying terms high, 
medium or low should be used with plasticity. 

Cohesiveness - Cohesiveness relates how weii a soil hoids together. A 
soil should be described as cohesive or noncohesive. 

Distinctive Features - Note distinctive feutures inchniing texture, fabric, 
bedding, mottling, gieying, oxidation staining, varves, etc. Descriptive 
and modiig terms are inchlded in Table I. 

@ Runt Environment dk rxlfmmucture lac - 19% 



Standard Number 
Revision Date 
Origin Date 
Page 

T. 12.201 
01/16/95 

7 

4.5.1.8 Depositional Enviromnent - Based on the soil type and geologic setting, 
the geologist should identify the depositional environment in capitai 
I-. For exampie, vases indicate lacustke deposition, while sands 
and gravels are commonly found in an outwash or glacio-fluvial 
environment. Field evahration of depositional environment aids in 
geologicai evaluation conducted later in the office. The formation 
name, member, etc., may be included ifknown. .* 

4.6 Geologic Horizons, Depth to Changes in Strata 

Sub&e materials should be represented in the “Graphic Log” cohunn. Standard symbois 
contained in Appendix D should be used in the graphic log. In addition, the presence of 
iktures or thin layers may be drawn within this column. 

Changes in geologic strata are important for geologic interpretations. It is important that 
strata changes be clearly and easily identifkd on the boring log. Identifj& changes in 
geologic strata within a boring is a field responsibility. Strata changes should be recorded 
by a contact line at the appropriate depth extending across all cohunns. Major geologic units 
(based on depositional environment, etc.) should be indicated with a heavier line. When a 
change in strata occurs between two sequential but separated samples, the contact line shall 
be drawn one-haifthe distance between the samples, unless the actual depth is known based 
on drilling procedures. 

4.7 Comments 

4.7.1. Drilling Comments - Driiling Comments may include observations made by the 
driller or geologist which are not related to the sample description. Such comtnents~ 
may identi@ changes in the rate of boring advance, rocky or rough drihing, a fluid 
loss, or other potmtiaUy &nifkant observations. These px~~ corn- should 
be recorded after the components of the soil description listed in Section 4.5. 
Professionalism should govern the nature of such, comments as Field Boring Logs 
are often included as client submittals. 



Standard Number 
Revision Date 
Origin Date 
Page 

T. 12.20 1 
01/16/95 

8 

4.7.2 Nature of potential contamination - In addition to stratigraphic characterization, 
commentls may idude obsmations related to the potential occurrence of soil 
contamination. If contamination is encotmtered, comments should identify 
discolored, odorous, or shiny (sheen) soil. 

4.8 Water Level Readings - When groundwater is encountered while drilling, its depth should 
be noted along with the time aud date. Stabilized water levels are to be recorded whenever 
possible. Spaces are provided for this at the top of the boring log. If is to be I& 

4.9 End of Boring - The end of the boring should be dearly identikd at the appropriate depth 
with a double solid line extending across all cohunns. Beneath the solid double lime the 
notation “EOB at X” will be adw where X is the total depth of the boring. 

5 REEERENCE DOCUMENTS 

5.1 Rust E&I Reference Documents 

m T.00.006 - Policy for Deviations or Waivers From Technical Standards 

l T.12.202 - Boring and Well Numbering 

5.2 ASTM Standards 

m ASTMD653-90 - Standard Terminology Relating to Soil, Rock, and Contained 
Fhlids 

I ASTMD1452-80 - Practice for Soil Investigation and Sampling by Auger Borings 

n ASTMD1586-67 - Method of Penetration Test and Split Barrel Sampling of Soils 

I ASTMD1587-83 - Method for Thin-Walled Tube Sampling of Soils 

Q Rwt Emironmemt & Infraattu~ Inc. - 1995 
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n ASTM D2488-84 - Recommended Practice for Description of Soils (Visual Manual 
Procedure) 

Approved by: 

Thomas C. Lemhardt, P.E. David L. Hargett, Ph.D. 
President and CEO Director, Corporate Disciplines Program 

T.SNlEMW/12~201 E: 01/16’95 
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TABLE 1 
SOIL CHARACTERISTIC & DES- TERMS 

II Colors - use oniv Munsdl So’il Color Chart II 

II Basic Material Types and Matrix Inclusions - Use ASTM-2488 abbreviations for 
normaI main aims. II 

bedrock cobbles 

boulders iill 

gravel 

sand 

Adjectives: large (Ig), medium (md), small (sm); coarse (co), fine (f); inorganic, 
organic; caicareous; irregular 

General Modifying and Dqmriptive Terms (not aI jnclugive) 

with (w/J lense 

Varved alternate 

partings seams 

trace (tr) 

occasioIlal 

moist 

calcareous 

little 

layers 

nodular 

Wet 

fkactured 

some 

and (a) 

banded 

refbi 

jointed 

&ached rootlets comretions 1 I II 
iron staininn burrows mottled II 

0 Rlut Eavimntnmt dk Inf~trtlcture InG - 1995 
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gieyed 

TABLE 1 
SOIL vc & P#i$cRg?ywE p!lRMs 

I 
water table W&d 

decomposed 

laminated 

Designation 

Very Loose (VL) 

Mechm Dense (MD) 1 NO-29 

Dense @) 3049 

Very Dense (VD) 50+ 

Coarse Grajned Soib h$odifying Teams (Ang@wity, Particle Shape) 

Flat well-graded angular 

Elongated poorly-graded subangular 
. subrounded 

rounded 

Fine Gninqd Soil Cansistoncy 

Designation 

very sofl (VS) 

soft (S) 

medium CM) 

N 

o-2 

3-4 

5-8 * 

0 Rust Envimameat Br Infrastructun Inc. - 1995 
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TABLE 1 

StifQST) 9-16 

very stiB (VSTJ 17-30 

slicktided 

lenSed 

homogenous 
: ‘\: ., : :. ,, ‘;, ,,, ,, :.,: .:: ,:_, 1,. : ..,., . . . :,j. .:.j(::: :,:. .:: :: .:: j ,,..: ‘. ..,: ..: :,:,-, .:,: . . . . .:.;.j:.:: i:.:.. :j:,,:, ,: ,.j.‘:.:,.: >_:: ‘. .::I: ,:..,. : ,, .:: “: :: :.:,.: ,.. : .: (, ,, j ,, :, .:: ‘,’ 
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FIELD SOIL BORING LOGS 
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ROCK CORING LOG PREPARATION 

INTRODUCTION 

1.1 Purpose - The purpose of this Standard is to establish the format and information to be 
collected during the jnspection of rock borings for visual rock cia&%ation, hydrogeoiogic 
idbmation, disconlirruity hformation, and wcrll Mall&on data. This S-d establishes 
consistency between logs and loggers which improves geological analytis, data presentation, 
and data base entry. 

1.2 Application 

1.2.1 This Standard applies to all rock boring inspection work. It is primarily oriented 
toward diamond core drilling. However, it also establishes procedures to be 
followed when other types of rock drilliq are b&i performed. 

1.2.2 

n - lf a heading is underlined, the whole section, including subsdctions, is a 
policy. This paragraph is an example of policy since the controlling 
paragraph heading is underlined. 

l Deviation from policy shall be allowed only in accordance with Technical 
Standard T. 00.006 - Policy for Deviation or Waivers porn Technical 
SW&. 

1.2.3 Remaining (not underlined) text is guideline. 

1.3 - This Standard shall be effective on the date listed as the Origin Date. 
(Revisions to this Standard shall be effective on the Revision Date.) 

1.4 &&Q,& - The interpreting authority of this Standard is the Earth Science and Chemistry 
Discipline Manager 

1.5 Distribution - Holders of Technical Standards Binder - Volumes 12D and 12E. 

10 Rust Environment & Infrastructure Inc - 1995 



1.6 

2 

2.1 

2.2 
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Glossary - All rock boring logs shall contain the approved rock characteristic descriptions 
and abbreviations when used as presented in Table 1. Any other terms needed should be 
from an appropriate geologic dictionary or textbook. 

REQUIREMENTS 

The personnel inspecting rock borings shall follow this Technical Standard. The rock boring 
log to be used is the Rust EXzI Field Rock Coring Log. A completed example of this log is 
presented in Appendix k 

The er$orcement ofthis Standard shall be in accordance with Technical Standard T.00.006 - 
Policy for Deviations or Waivers from Technical Standards. 

The logging of rock borings shall be done in accordance with the following procedures under 
Section 4.0. 

Diamond core drilling is used to obtain core specimens of superior qualiiy that reflect the 
in-situ conditions of the material and structure. They are suitable for Standard physical 
properties tests and structural integrity determination. 

2.51 

2.5.2 

2.5.3 

2.5.4 

Subsurface: structural data which may be obtained are: occuxrence of fractures 
(joints and faults) and weathered zones, bedding planes, and cavities. Some 
lineations and foliations may also be recorded. 

This method is described in the context of obtaining data for hydrogeologic 
inv~gatio~ foundation design and geotechnical engineering purposes rather than 
for mineral and mining exploration. 

Additional information obtainable during rock drilling work includes groundwater 
levels and permeability estimates. Piezometers or monitoring wells may be 
installed in the resulting coreholes. 

Geophysical logging and packer tests may be performed in the coreholes to aid 
stratigraphic correlation and further qualify rock properties. 
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2.6 

2.7 

2.8 

2.9 

2.10 

Standard Number T. 12.236 
R.evision Date 01/12/95 
Origin Date 2/l l/91 
page 3 

Rock drilling methods other than diamond core drilling include mud rotary drilling, air 
rotary ddliq cable tool (churn) driiling, and air percussion drihing using sur&e drills or 
down-hole hammers. The iriibmation obtainable Erom these methods is limited to @hologic 
information t?om classifioation of cuttings and incomplete data concerning f&tures and 
other discontinuities. There&e, these methods should not be used for investigatory 
purposes. When these rnecthods am used to drill boreholes in rock for other purposes such 
as well installation, the boreholes &ould be logged in accordance with the procedures in 
sectioll4.5. 

Because of the high cost of core drill&, it is essential to maximize core quality and recovery 
and to obtain the maximum amount of data available from. the coring work consistent with 
project goals. . 

Rock drilling involves the use of hazardous equipment and this section does not purport to 
address all of the safety problems associated with the use of rock drilling rigs. See 
Section 3.4 of this document for further safety responsibility. 

Impiementation of this Standard may involve inspection around heavy equipment, potential 
exposure to hazardous materiais through the use of equipment contain@ hazardous 
materials, or contact with hazardous materials/waste. These conditions may require site 
personnel to have health and safety training and equipmentMe clearance. This Standard 
doesnotaddressalls&yconcems. SeeSection3.3,3.4and3.5ofthisStandardforsafety 
responsibilities, and Section 5 for reference documents. 

Criteria for Diamond Core Drill Use - Ifin doubt as to whether a diamond core drill rig is 
needed, the following shah be the criteria: 

2.10.1 In accordance with Technical Standard T. 12.225 - Penetration Test and Split-Barrel 
Sampling of Soils - a l-inch (25.4 mm) or less penetration in 50 blows defines the 
formation unit as too hard for soil sampling techniques. 

2.10.2 A diamond core drill rig may also be used based on other criteria established by the 
geologist or engineer. 

'3 
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The Earth Science and Chex&ry Discipline Manager is responsible for updating and quality 
control of this Standard. For geologic and hydrogeologic igaticms, the Earth Science 
and Chw Discipline &Al be res9ponsibb for QC. For geotechni~ dtign projects, the 
Waste Management Discipb shall be ressponsible for QC. 

The Earth S&nce and Ch&stry or Waste Managment DiscipIine Managers in cooperation 
with the Depar@ent m are responsible for assignment of a QC reviewer at project 
startup. The approach for investigating soil and rock shall be reviBFwed prior to initiating 
field activities. . . 

The Project Manager is responsible for: 

3.3.1 Consulting with their Region Environmental, Health and Safety Manager to 
e&dish appropriate health and safety practices and procedures during the 
subsurEace investigation. Involvement of the REAM is required when the 
pot& exists for exposure to toxic/hazardous materials. 

‘3.3.2 Ensming that General Health and Safety Standards including T.00.020, T.00.021, 
and T. 00.022 are followed. 

3.3.3 Ensuing QC reviews are completed. 

3.3.4 Preparing a Field Work Plan (pr&eld memo) which defines procedures and 
responsibilities on a project. 

The Field Geologist is responsible for: 

3.4.1 Obsening and recording drilling procedures and activities. 

3.4.2 Verifying that the work is performed so that core recovery and the quality of the 
core recovered are maximized and that Standards are implemented. 

3.4.3 Logging and describing rock core samples. 

3.4.4 Properly packaging, preserving, and identifying core samples; 

3.4.5 Collection, maintenance, and return of all field, safety, and sampling equipment. 

Q Rust Environmsat & Infrastn~ctun Ioc - 1995 
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3.5 On all sites mquiring inspecuon around heavy equipment, the foilowing minimum he&hand 
d&y measures shall be followed: 

3.5.1 Personnei shall wear a hard hat, safety glassesor goggles, and steel toe, steel shank 
boots. 

3.5.2 A work zone shah be established around drill rigs. Where practical, a 25- to 
30-foot radius around the rig shah be designated and* dehneate the work zone. 
Field geologists should avoid standing in this area except to collect samples. 
Personnel within the work zone must wear the above and have a portable eye wash 
unit, first aid kit, fire extinguisher, towels, and plastic garbage bags. 

. 3.6 The Contractor is responsible for, and in charge of safety on all construction projects, 
including investigative projects where potential does not exist for exposure to 
toxic/hazardous materials. Refer to Policy No. 201- Project Site Safety. The assignment 
of this responsibility is made clear in the contract d ocuments and should be emphasized at 
the pre-drilling/construction conference. The field geologist is not a safety inspector or 
safety manager and shall not fbnction in that capacity. Refer to Technical Standards 
T.ll.100 and T.ll.825. . 

3.7 It is the responsibility of the fieid geoiogist or project manager to approve any drilling mud . 
or grouting techniques prior to thek use in the borehole. 

4 PROCEDURES 

4.1 CoreDriUingProcedures-CoredrillingproceduresarepresentedinASTMStandardD2113, 
Section 6. A copy of this standard is included in eB. 

4.2 General procedures for transportation and storage of core containers are presented in 
Appendk B, Section 5. On a project-specific basis, the following additional procedures may 
be required when handling and packaging core: 

4.2.1 Immediately after removal of the core &om the barrel it should be placed in an 
examination tray. The field geologist shah tightly r&t the ends of any pieces that 
have become separated and shall mark the 111 length of the core with two 
continuous and indelible lines of dEbrent color. These lines will serve as 
references for orienting core pieces as they are placed in core boxes and during 
later handling. After the core is marked, it shall be togged as described below. The 
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drillers shall provide suflicient core trays so that the field geologist has sufficient 
time to perfimn this work without demands to give up a core tray to accommodate 
subsequent cores. 

The core shall be photographed in the tray. When photographing the core, a 
refaence scale, such as a tape or folding role, shail be placed adjacent to the core 
along wh& a color r&rance card and a card or core box lid labeled with the project 
number, boring number, run number, and depth. 

Upon completion of logging the core shall be transferred to a core box either 
directly by or under the supervision of the field geologist, in accordance with the 
requirements of Appendix B, Section 5. 

The core box must be labeled with the project name, number, boring number, depth 
of the core in the box, and box number. This information must be placed on the 
outside of the coyer and on the outside left (as defined in ASTM D2113) end of the 
box. Core from dilibrent borings must not be combined in a single box Ifit is 
nw to break the core to fit it into the box, mark the break with an “W using 
an indelible marker. 

Before transporting, the lid of the core box must be securely fastened. 

4.3 Thi list of data that needs to be included in the rock core log is presented in ASTM Standard 
No. D2113, Section 7 (Appendix B). The attached Field IRock Core Log (Appendix A) 
includes space to record ail items listed in Section 7. . The following procedures should be 
followed when preparing the log. 

4.3.1 General Instructions 

4.3.1.1 Complete all rock core logs in black indelible pen. 

4.3.1.2 Complete all general information at the top of the rock core log form 
before drilling begins. This includes the site, project number, boring 
number, equipment descriptions, personnal, and date. Boring numbers 
are established as outlined in Standard T. 12.202. 
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4.3.1.3 Before work begins, set the depth scale in the “Depth in Feet” column. 
The boring log has a predivided scale with each line representing a 
maximum of l-foot. Number depth in feet at each line. For 
invtigatio~ where detailed rock discontinuity data are needed, the 
depth scale may be adjusted (i.e. each line may be set to represent 
0.5 foot). 

4.3.2 Coring Data 

4.3.2.1 Method - Designate the drilling method with an alpha code as follows: 

AR =AirRotary 
co =coring 
MR -MudRotary 

4.3.2.2 Run Number and Length - Each time the core barrel or, in the case of 
wireline coring, the inner barrel is removed firorn the core hole it 
mpmsen@onerun. DrawahorizontaIlinebetweeanrunsinthecolumns 
headed “coring data”. The runs should be numbered consecuuveiy. 
Each run starts and ends at the core bit depth at the top and bottom of 
the run. The run length is the di&rence between the two. Run depths 
are best determined by measuring rod stick-up above the ground surface 
and subtracting this from the sum of the rod string length and core 
barrel length, including any adapters used. Most core barrels can hold 
slightly more than the nominal length. Beware of the driller who cores 
until the barrel is i?tll and then says that the nominal length was drilled. 
In a deep hole, the cumulative error can be sign&ant. 

4.3.2.3 Recovery - Record total length of core recovered as a percentage of the 
run length. Darken the int& where the core loss occurred. If this 
cannot be identified, assume that the loss was Corn the bottom of the 
run. If core is lost iiom one run and later picked up by the next, it 
should be added to the run it was drilled rather than to the xun it was 
recovered with. 

4.3.2.4 MPF (Minutes Per Foot) - This is the time necessary to advance the 
core barrel per foot of advance. It may be averaged for the entire core 
run. 
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4.3.2.5 Water Gain/Loss - Record any water loss in percent or gain in gpm 
during drilling. 

4.3.2.6 RQD (Rock Quality Designation) - The sum of all core pieces longer 
than 4 inches (0.33 ft) divided by the run leqth times 100 percent. If 
the only &acture is a single firacture parallel to the core axis and the 
core is otherwise intact, count the core as intact. 

4.3.2.7 Frac/Ft (Fractures per Foot) - Record the number of nonmechanical 
core sepamtions for each l-foot core intervaL For highly fractured or 
disintegrated core, record as “%” ifmore than six breaks are present. 

4.3.3 Graphics - Show all discontinuities such as joints and bedding plane separations. 
Do not show mechanical breaks or core breaks made to fit the core into the box. 
Heaied fractunw should be shown as a dashed line. 

4.3.4 Rock Type Code - Use the rock type alpha code corresponding~to the graphic 
symbols from the chart on the back of the fieid rock core log from (Appendix A), ., ,,.,, 

4.3.5 Rock Dewiption - Use the following order of terms to describe rock: rock name, 
lithologic modifiipxfs, color, tmture (grain/crystal size), structure (bedding foliation, 
etc), cementation, hardness, weathm& solution/voidg, porosity and 
other unique features. If small zones of soil are encountered, they should be 
described in accordance with Rust E&I Standard T. 12.201 - Field Boring Log 
Preparation Standard. . 

4.3.5. I Rock types are the general types listed on the back of thewre log form 
(Appendix A) or Table 1. Additional @qm can be used on a project- 
specific basis but types should be SmndarGzed among all geologists 
working on a project. 

4.3.5.2 Modiications to the rock type are terms like “silty”, “cherty”, 
“fossi&rous”, or “vuggy”, which desoribe gross structural or textural 
features which may be present. INneralo~c descriptions of ciastic, 
igneous, or metamorphic rocks can be in&ted here. Additional terms 
are listed in Table 1. 

Q Rust Environment & Infrastructure Inc - 19% 



Standard Number T. 12.236 
Revision Date 01/12/95 
Origin Date 2/l l/91 
page 9 

4.3.5.3 Color, texture, weathering, grain size, and bedding: use the terms and 
their abbreviations as described on the back of the Fidd Rock Coring 
Log Form (Appendix A). 

4.3.5.4 Structural Feamres - Describe any jointing, foliation, flow bauding, 
bedding, huGnat& sorting, and any other features. Describe any joint 
filling mat&a&, their hardness and degree of f&g, and the orientation 
ofjoints and bedding. 

4.3.5.5 Formation - Note the formation name if it has been determined. 
Otherwise it can be added to the fInal boring log at a later date. 

4.3.6 Comments - This column is to be used for observations made by the driller or 
geologist not related to sample description. Casing use should be recorded here as 
well as RPM for each nm, if available, and obaervasions concerning ease of 
drilling, rough drill& action, voids, mechanical breakdowns, and other events 
related to the drilling work If water is encoun&red while drilling, the level at 
which it is detected may be noted here and clarified with the “water level readings” 
described below in 4.3.7. 

4.3.7 Water Level Readings - When water is encountered while drill& its depth should 
benotedslongwiththetimeanddate. Spacesamprovidedforthisatthetopofthe 
boring log. Readings should be taken periodically during drill@ If a borehole is 
to be l& open overnight, water level readings should be taken before leaving the 
site and prior to starting work the &lkxviq day. For each water level reading, note 
the hole depth and casing depth at the time of the measurement. Additional water 
level readings may be necessary and should be noted under “Drilling Data.” All 
water level readings should be on the first page of a multipage log. 

4.4 When more detailed discontinuity logging is needed, use the Rock Core Discontinuity Log 
Form in Appendix A. 

4.5 When logging rock borings which are not cored, the Field Rock Core Log should stiIl be 
used. Be sure to note the drilling method. It is recommended that jar samples of cuttings 
be taken at strata changes or at 5-foot minimum inten&. Number the samples 
consecutively in the “Run No.” column. Lithology should be described in the “Rock 
Description” column in as much ti as possible. In air rotary or air percussion driUing, 
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groundwater occurrences will be readily apparent and should be noted in the ‘Comments” 
column with the approximate GPM ofwater produced. 

It is not recommended that diamond core drilling serve as the only means of subsurface site 
characttition when making engineering and environmental decisions. It should be used 
in combination with vllrhls other piTmhms including geological mapping shallow 
drilling, and lab teqhniques as deemed pertinent to project goals and purposes. 

REliXXtENCES 

Rust E&I Reference Documents 

r, 

m T.00.006 - 
a T.00.020 - 
u T.00.021 - 
m T.00.022 - 

m Tall.100 - 
8 T.ll.825 - 
n T.12.003 - 
I T.12.006 - 
m T.12.007 - 
n T.12.012 - 
m T.12.201 em 
m T.12.227 - 
H T.12.236 - 
m T.12.702 - 

Policy for Deviations or Waivers tirn Technical Standards . 
Hazardous Waste Safety Training 
Employee Medical Sun%illatlce Program 
Preparation and Implementation of Site-speci& Health and Safety 
Plans 
Construction Site Safety 
Safety Concerns During Environmental Construction Projects 
Site Investigation Task Sequence and Description of Tasks 
Standard RI/FS Work Plan Outline 
StsndardRI/FS Task Sequence Diagram 
Standard Task Sequence Diagram for EmnioMlrtntal Assessments 
Field Boring Log Preparation 
Diamond Core Drilling fir Site Investigation 
Rack Coring Log Preparation 
Prw Geomorphological Site Investigations from Indirect 
Sources ofJ.&ormation 

n Policy No. 201- Project Site Safety 
m Corporate Health and Sa&y Program, Policies and General Standards Manual 

ASTM Reference Documents 

n ASTM D2113 -- Diamond Core Drilling for Site Investigation 

For a list of the applicable ASTM Standards see Appendix A, Section 2. 
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5.3 Textbooks and Dictionaries 

l Compton, Robert R, 1962, Manual of Field Geology, New York: John Wiley & Sons, 
IIlC. 

m Gary, ML, McAke, R, and WOE CL., 1972, Glossary of Geolow: Washington, D.C., 
American Gedogical hstitute. 

Approved by: ‘. 

Thoqs C. Leqnhardt, P.E. 
President and CEO 

David L. Hargm, .Ph.D. 
Director Corporate Disciplines Program 
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V. Hard 

Hard 

Medium 

Soft 

v. Soft 

Weaihm’ng 

Fresh 

slight 

Medium 

Cannot scratch &th knife 

DiEcult to scratch with knife 

Scratched with Me 

Easily scratched with We 

Scratched with fingernail 

(Rack is unstained, tictures are unstained) 

(Rock mass is unstained, discontinuities are stained at sur&ce) 

@iscontinuities are stained, discoloration extends into rock) 

(Rock thoroughly stained, may be softened, discontinuity 
dces thoroughly stained and may be crumbly) 

Severe , (Rock consists of gravel-sized fragments which can be broken 
with fillgqs) 
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TABLE 1 

For standstone, limestone, dolomite, and igneous rocks, use “Fine” (F), “M&urn” (M), and 
‘Coarse” (C) corresponding to sand size cfasses. 

For coarser grained rock, use “Condommera&“, “pegmatitic”, “porphyritjc”, as appropriate. 

For tier grained rock, use “Waxy”, “Amorphase”, “Mioritic”, etc. as appropriate. 

sandstone 
. hmestone 

dolomite 

coal 

shale 

conglomerate 

&stone 

daystone 

metamorphic igneous 

fkactured 

concretions 

moist 

vuggy 

jointed 

mottled 

decomposed 

nodular 

banded fossiwrous 
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APPENDIX A 

FIELD FORMS 

Section A-l - Field Rock Core Log 

Section A-2 - Completed Field Rock Core Log Exampie 

Section A-3 - Field Rock Core Discontinuity Log 

0 Rast Environment & Idkastnwtun Inc - 1995 



StandardNumber T.12.236 
Revision Date OlllU95 
OriginDate 02/l l/91 
page A-2 

SECTION A-l 

Fidd Rock Core Log 
(Blank) 
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. 

t __._ - __.__ - ._.._. - . . . . -._ ..-- - I --- __ ___ ___ _- -. . ._ __. . -. 
t __________ _ --- .___ - _-__. _- _-_-_-__-...._. ___-.._-_ __..__. 1 -- ___ _____ _ ___ ._ ._ 

____ __ _ _ __ _ _ _ . . _  _ ._ 

- -  - - I - -  

___. -_ -_ -_ - - . . . - - -_ -_ -  . . - . - .  . . -  - - - . . . -  _._. - . - .  . -  - _ . .  - -  
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tib Designation: D 211343 (Reapproved 1987) 

*, ,“I” ” Standard Practice for 
Diamond Core Drilling for Site Investigation’ 

1. Scope 

1.1 This prxticc dcscribcs equipment ;Ind proccdurcs for 
diamond corer drilling to secure core samplurp of rock and 
some soils that are too hard to sample by soil-sampiing , 
methods. This method is described in the context of obaining 
data for foundation design itnd gcotcchniul cngiaccring pur- 
posts mtbcr than for mineral and mining Fpiontion. 

2. Illcfcrcnccd Dornrmcnts 
2. I RSlw sfcmdarcis: 
D I586 Method for Pcnetmtion Test and Split-Bane1 Sam- 

pling of Soilsl 
D 1587 Pmcticc for ‘IT&-Walled Tube Sampling of Soils’ 
D 3550 Pmcticc for Ring-Lined Barrel Sampling of Soils’ 

3. SigniCiuncc and USC 
3. I This practice is used to obtain core spccimcns of su- 

““” 
pcrior quality that reflect the in-situ conditions of the mate&I 

i” ond ‘structure and which arc suitnblc tbr stundarci plrpiczl- 
mpcrtics tests and structunl-integrity determination. 

4. Apparatus 
4. I Drih’qq Mmhirrc capable of providing rotation, ford. 

aud retraction by hydraulic or mechanical means to the drill 
rods. 

4.2 FMirl Ptmp or Air Cmtprcxsm, cnpablr of dclivcring 
sufTicicnt volume and prcssurc for the diameter and depth of 
hole to bc drilfcd. 

4.3 Cm hnmh, 3s rquircd: 
4.3. I Sln& Trhc Typr, WG Dmig~, consisting of a hollow 

s&d tube, with a bud at one end threaded for drili rod. and 
a thrcadcd connection for a reaming shell and core bit at the 
other end. A core lifter, or retainer locxtcd within the core 
bit is normal, but may. be omitted at the discretion of the 
geologist or cngincer. 

4.3.2 Dotrtrlc Tribe, Swivel-Type, WG D&@z-An sscm- 
biy of two concentric steci tubes joined and supported at the 
uppr end by mcnns of a ball or roller-bearing swivel amngcd 
to permit rotation of the outer tube without causing rotation 
of the inner tube. The upper end of the outer tube, or 
rcmovablr! had. is thrcllded for drill rod, A thrcadcd conncc- 
tion is provided on the lower end of the outer tuhc for a 
mming shclt and core bit. A core lifter located within the 

_/ 1, 
’ This pm&C is under tiw juris&tian ulA.STM COlll~itlCC D-IS On soil alI8ll 

Hack and is Ihc direct rcqxuwibility trf Subcummituc ~l#.o?, On tirnpline and 
‘dulcd F?&l Tcsling fbr Soil Investigations. 

Curmtt cditior qmwcd June 24, IY13. Published Au(lcat IYKI. Mginally 
pu#irhcdeO2115-6ZT.Lrrtpmiowali~ianOZ113-1(1(1976). 

1 rltmmd umk ofAs7%f slondrudr. v010408. 

corn bit is normal but may bc or&cd at the discretion ofthe 
gcoiogist of cnginccr. 

4.3.3 Doubi~Tuh. Swivel-‘ljpe, WTDcsign, is csscntially 
the same as the double tube, swivcl-typc, WG design, cxccpt 
that the WT deign has thinner tube wuils, a reduced annular 
are3 bctwccn the tubes, and tnka a kugar core from the sane: 
diamctcr bon: hole. The core lifter is located witbin the core 
bit. 

.4.3.4 Do&k Tuhc Swivel Type Ml 1%~~~ is simiiar to 
the double tube, swivel-type, WC design, exctzzt that the 
inner tube is threaded at its bwcr cnci to receive a core lifter 
cast that effectively extends the inner tube WCII into the core 
bit, thus minimizing cxpu~un of the core to the drIIIing fluid. 
A core lifixr is conttlincd within the core lificr cnsc on the 
inner tube. 

43.5 Double Tuk Swirvd’ljpc, tur@Xmu/cr Dcsiprl, 
is simiiar to the double tube, swivel-type, WM design, with 
the addition of a baI1 valve, to control fluid flow, in ;ilI three 
availttblc sizes and the addition of a sludge barrci. to catch 
huvy cuttings, on the two Iargs sias. The hrgc-diantctcr 
design doubic tuhc, swivcl-typc, core b;meis are avaihbic in 
three cm per hole sizes n?r follows: 2% in..(69.85 mm) by 3% 
in. (98.43 mm), 4 in. (10 I .6 mm) by 5% in. ( f 39.7 mm), and 
6 in. (1524 mm) by 7% in. (196.85 mm). Their USC is 
gcncmlly reserved for very dctailcd invcstigativc work or 
where: other methods do not yield dcquatc rccovcry. 

4.3.6 Dortih ?I&, Swivel-Type, R&kvubie Inner-Tube 
M?f/~ct!, in which the core-laden inner-tuhc assembly is rc- 
t&cd lo the surface and an empty inner-tube mscmbly 
rctumcd to the fact of the borcholc through the matching, 
Iargc-bore drill rods without need for withdmwai and rcplclcc- 
mcnt of the driIl rods in tbc borehole. The inner-tube asscm- 
bly consists of an inner tube with rcmovablc con: iifier cast 
and core lifter at one end md a removable inner-tube flcad, 
swivef bring, suspension adjustment, and latching dcvicc 
with rclcasc mcchanisni tin the opposite end. The inner-tuhc 
latching device Iocks into a complementary rcm~ in the wall 
of the outer tube such that the outer tube may bc rottttrd 
without uusiag rotation of the inner tubr: and such that the 
latch may be actuated and the inner-tube asscmbIy Inns- 
ported by appropriate sutiace control, The outer tube is 
thrcadcd for the matching, Iargc=borc drii1 rod and intcm:lIIy 
configtircd to rcccive Ihc inner-tube latching dcvicc nt one 
end and threaded for a rcaming shell and bit, or bit only, 31 
the other end. 

4.4 Lon~irrzdinnlly Spiir Inner ‘fir&m-A9 opposed to con- 
vcntional cylindrical inner tubes, Aow inspection of, znd 
mess to, the con: by simply removing one of the two hales. 
They arc not standardized hut :irc tlklitbk for most core 
bamls in&ding many of the rctricvable inner-tube types. 

244 
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4.5 Ciwc l?if.~-Corc hirs sh31l kc .wlitcx scl wit It &;I- 
nrondq imptqtxtkxl with small kttnond ptrticics, insreed 

‘( tunptcn c;trbidc slugs, or xl&ts. h:trcI-lilaxI witit vwiow 
surthcing mueriab ctr I’urtiiahctl in .ww-iu~\lh Ibrm, :tii 

itS ;Ipppriatc to the fmxxtiott Itittg COG itnd ti~h CO~ICW- 
rcncc ol’ t hc pologist or cnainccr. Bit mitirix mtt~cri;tl. crown 
shape, water-way (ypc, foclllion nnd ttumbcr of w&r wuys. 
diamond sixc ztnd cclmt weight, itnd hi1 lLcittg ma&ztb shuii 
bc for gccncni purpose USC unlw oMnvisc :tpprovcd by the 
gcoiogist ur cngin&. Naminni .uk/.c: ol’xome bit8 is .Phtrwn in 
Ihblc I. 

Nt’rtr 1-M drri~nafion (Icttct ~ymbolr) uslxl (hmtqltclul lhc tcxl 
anti in T&es I, 2.3nJ 3 ate tharc s&tttd&lrsd by the Dinmond (Inn: 
Drill Mmutbfilwa’ &ma (DCDMA). MI &m&m in the t&k? 
!wc baa mumhtd lo the marat huddth of rn inch. 

4.G Hcuntit~ ,!i’hcf~$, shall bc surf& SC: with riiutttttnds. 
iniprcgnntcd with’ small diitlllOllCl pttiticicq ittxcrtcd with 
tungskn carbide strips or slup, hard faced with wtrious typcx 
of httrd surhcing mlrlcriztla, or l’urnisiwd bMc. dl as ;~ppro- 
prialc to the formutiou being cod. 

4.7 Core LijZc~~-Ci~re IiRcn of the split-ring typq cithcr 
&tin or hard-C&M shall be furnishc~l itnd m~intiittcd. along 
with corc-liiIcr iztscx ar inner-tube cxlcnxionr 01 .nncr-liubc 
shots, in good condition. Basket or linpr-typc Ii&m, topthcr 
with my necamy ttd11ptcrs,shdl lx on 4hc job and miltlblc 
for USC with tmzh cm barrel il’xo dinxlcd by fhc yculogist or 
engiixcr. 

4.8 Ckittgs: 
4.8. I Ihivc Pipe or Urivc Cctzri,g, shall bc standtInt weight 

I- . %htlr: 40), cxtru-iwnvy (.schMtie SO), JlNA?!f cxtm=hGtvy 

TASlE 1 CON 811 Sires 

0lllSU- klaw- 

._ 

(schcduic I u)j pip! or W-tlcsi~tt ilush-joittt wsing as rquinrl 
by liw nnOrc of the uwrburdcn or the pktccmcnl rnctitcxi. 
Drive pipe or W4lfsign cztaring sh:tll Itc ofauliicicnl iii:tmctcr 
IO ptusx lhc ktrgcx! cnrc hrrrtzi LO Ir u.xc~i. :tttti it .ulrull lo &ivcr ~~~~~~$[‘, 
lo htd mck nr lit lirm scaling 3t nn clcwttiitn Mow walct 
%nsi.tilivc Ibmtrrion. A hardcncd drive sha is lo bc uscictl ‘as it 
culting c&c tmd thrd pmkctiun Jcvicc on the l*tltutn or 
the drive pipe or wuing. The drive shac inside Jinnteter shall 
bc Iitrgc enough to pzsx !hc laois intcndcd for use, ;lttd the 
siiw :rtrtl pipe or cztxing shnil 1% fRz lium.hum or ohtruc- 
tianc. 

4.H.2 Cti.s~qt+Whcn nctzry tit cast through li~rmalions 
alrcacly pcnctnlcd by tic borcholo or when na Jrivc casing 
has been scA’t, ruxili;lry cztsittg lrhttll In provided to 1% ittxidc 
the borcholc to dlow uxc of lbc ncxl .cmuilcr core barnA. 
Sblltiitd .sims 0;’ lclcscupiny c?llring arc shown in T;tblr 2. 
Casing hitx httvc an obstruction in tltcir interior and will not 
putt the next amdlcr ctsing size. USC zt rztxine shot if addi- 

~1iOtliti (CfcJcopinlJI ix anticipalcd. 
4.8.3 Cim?t,q /,irrcr-Pktstic pipe or shwbfnckd pipe may 

bc uxcd to iinc an cxiuting largc-dkttnctcr c&q Liners, so 
used. should nut bc tlrivcn, nntf tztn: should bc LJkcn lo 
mninlaiti Iruc di~nmcnt IhmulJliciiit tltc icnpir ot’ tire liner. 

4.8.4 Ihhrv .Sfcnt Atfgcr--l~loiiow stem rugcr muy i~c 
ust31 as cztxing for curing. 

4.9 Ikill lhk: 
4.9.1 Driil lids of ~l’iitntlur Sfmt Citnvhvdii~tr 3fc noi- 

mully unc.1 lo transmit f&i. roWion. imrl rctnrtion foms 
from tltc Jtillinp: tnochinc lu the con: bztrrcl. Driiinwl sixes 
that arc prcscntiy standurdi~d :trc shown in ‘I’;~blc 3. 

4.Y.2 Large bon: drilI tuds utxcti with rctriLmblc inncr-tttt ” * 
LUCC htwds an: not etndnrdixed. Drill mdx rrari with rctricv~ 
able inner-tube cart bnrrclx rhould bc thuJr mztnut%trcd by 
tic ccm-Cmrrcl mitnt:&u~:r .spccifidiy fix the c~rc had. 

4.‘1.3 Curr?ptwirc Drill Rds arc ~¶ccifiw~ly conStructcd 
from Lwu tir mctrc mattiak intcntkd lo pmvidc .spccific 
pmpcrtics such as light wciglt1 or dcctrirlrl non~~.unJuctivity,, 

4.9.4 Nwm~twfic Ilrill Ii& arc mrmul:hcturcd of nun- 
liirmu.p tn:ticriah such iti :tltttninttnt or bmsn and arc ~~rri 
primarily i’or hole sttt~~y work. Same nonmqnclic rodx hztvc 
Ic&honti thrcds in orcicr to further (heir value in .survcy 
work. No ;utmt&trd cxixtt fur nattmaqtclic rods. 

4.10 hsiiiury I~~triprtcrtr. shall bc furniahrvl zts rcquircd 
by the work and shnff in&& r&r mck bits, drag bifs, 
cfroppin$ bits, hnuldcr htrtcrx. fiKht;lil bits, pipe wrcnchcs. 
con: hnml wrcnchex, htbritz~.:ion ryuipmcnt, core boxa. and 
nturking &vice. Other nxwnmwxkxl cquiymcnt incittdrs: 

TAR&E 2 Coring Sizes W-B.. 
--.-.outJdam lMdl?olamoIw 

. 

slrso@pnal 1 wFilHcl@olmehGlcixw .- . -. :. .._ . - . . ..- -Im-s- . . ..- - .-.-. . . - -Wrh 
In. mlt In. rmn an ska 

we. .-s .-.--v. . - e.----.. .-w-w--..--..-- ----. -. . ..- . . . .._ . . . _.- - . 
RW 1.144 3u.s 1.19 a.1 

( f 

~..--.-iiir;iTti- 

,’ AW. AWG AWM ew 1 Al 40.0 I .so 39.1 
AW 2.a 1.91 a.4 
BW 2.tla %A 

ii: 
603 

NW 3.50 8a.Q It.2 
HW 4.50 114.3 4.00 101.8 

' 4 BwT,Bwat3wM 
4 Nwf,NHM.NwM 
4 WT. tlwG .,,, 

4xrn 
_" 

E JSO 683 139.7 166X 5.00 6.00 lP.0 152.4 : 3 6X 0x71 7% 

!iE 6.83 7.83 218.0 1938 8.00 7.m 2Qa.2 177.0 ii . . . . . . 

e.,-..- - m- -.-- e-w 



TABLE 3 Drill Rods 
m--e-----.- .-----. --me- --- 

Rod and coup!q omdcb OiJmotnr Radlltsldo- ti~goro.mlles 
slza oll~Jmltkm -- .-.,. - _ e.. ._ . . -. . . ..- . - .w. - .-. . . - . - . . -1. .- 

In. mm in. nwtl in. fmt pork:- - 
-- . . . . . ..--.e .- -. ..- w-. . .-- -. -. - 032 ..-m - Ii. - 

-. -. 
RW 1 ,o!l 27.7 - ii - .. - 111.3 7-- I 
Ew 1.3H 34.9 I .OQ 25.4 0.44 I I.1 
AW 1.72, 43.6 1.34 34.1 033 15.6 i 
BW 2.13 93.9 1.79 44.4 a.75 19.0 3 

NW 2.63 B&U 2.2s R.l HW 3.50 86.9 3.au 77.7 1 .a 34.9 : 2.3u 60.3 
---- w -m-.-e---.---.- 

con: spiitlcr, rod wick& pump-out tools or extrudcrs, and 
Itand sieve or stnincr. 

5. Trttnsport~tiott and Stow0 of Core Cunttkter?r 
_ 5.1 ClJl’t! 13rJ.W.Y, shall bc conatructcd ot’ wood or other 
dunble matcritt for the protection ittd stomgeofcurcs while 
cnroutc riwm the drill site to the Iabontoty or other procc! 
ing point. AU core boxa six111 bc provided with longitudinal 
scpamtors and recovered coccs shall bc laid out as a book 
w&d read, from left to right and top to bottom. within the 
longitudinal ScpitratorS. Sptt~cr block or @ugs shnil be 
m&cd and inserted into the core column wlthitt the supa- 
mtocs to indicate the beginning of c&h coring run. The 
beginning point of stomgc in cat;11 core box is the upper I& 
hand comer. The upper left-hnnd corner of cl Itingeti core box 
is the IcfI comer when the hinge is on the far side oft!!: box 
and the box is right-&k up. Al1 hinged core boxes must bc 
pemutnctttiy markai on the outfdc to ittdicatc tltc top and 
tltc bottom. AI1 other cctrc boxca must be pcrmancntly 
m&cd on tic outside to indiutc the top and the bottom 
and additionally, must be pcrtnltncntly marked intcrnnlly to 
indicate the uppcr-lcft comer of the bottom with the Icfters 
UL or 3 splotch of red paint not Icss than I in.’ Lid or cover 
tiUing(s) for core boxes must be of such quality as to cnsurc 
agains.4lt mix up of tltc core in the event orimpac: or upsetting 
of the con: box during ttwtsportation. 

5.2 Transportation of cores from the dril1 site to the ktbo- 
ntory or other processing point shall be in dunbiccorc boxes 
so padded or suspcttded as to bc isol&d fint shock or 
impact transmitted to the tmnspurtcr by rough terrain or 
cart&s operation. 

5.3 Storage 01’ cores, 3f\cr inititl1 testing or inspection ;iZ 
the laboratory or other processing point, may bc in c&board 
or simikr less costly boxes provided ai1 layout and marking 
rquircments as specified in 5.1 we foilowed. Additional 
spacer blocks or plugs shall be added if nocessyy al time of 
storage to cxpiain missing core. Cores shall be stored for tl 
period of time specified by the cttgincer but should not 
nomtaIIy bc discarded prior to compfctinn ctf the project fitr 
which they were taken. 

6. Proccdttrc+ 
6.1 USC core-drilling proccduccs when formations are cn- 

countcrcd that are too hard to be wnpied by soil-sampling 
methods, A l-in. (25.51mm) or less pcrtetntion for 50 blows 
in accordattcz with Method D 1556 or oticr critcti at&- 
lishcd by the geologist or cngittecr, slutif indicate that soii- 
sllmpiittg methods arc not applicabic. 

6.1.1 Seat the casing on bedrock or in ;1 tirm formrrtion lo 
ptcvent raveling oCthc borcholc and to prevent loss ofdrilling 

Iluid. Lcvcl tltc surface ul’ lhc neck or hard f’ormalion ;tt (he 
bottom of the casing what netzatry, using lhc tlppropriittc 
hits. Casing may bc omitted ir’ litc borehole wiil stand open 
without the casing. 

6. I .2 Begin the curt drilling using an N&c double-ltthc 
swivci-type core bttrrcl or other size or type approved by the 
cnginccr. Continue con: drilling until con: hlo&gc occurs or 
until the net length of the curt barccl Itas been drilled in. 
Rcntove the care hrre1 hm the ltolc and disasscmblc it ;ss 
ncassary to nmovc lhc corc..Rc;tssEntblc the cat-c barrel and 
return it to Lhc hole. Katmc coring. 

G. 1.3 Plxc the tzcuvcrcd con? in Utc cwc box with the 
upper (surt’:tcc) end ot’ the core at the upper-left cOmrr of [Ito 
corn box s dcsaihed in 5,i. Contittuc boxing con: with 
appropriitlc markings, lopaecrs, and blocks as tlcscrihc~ in 5.1. 
Wnn sofi or friable cores or lho.sc which cltungc nuieri:~lly 
upon drying in pias!ic lilm or ml in wax. or both. whctt such 
tretttmcnt is required by the cnginmr. Use spacer blocks or 
slugs propwty marked tit indicate any nolirztblc gap in 
rccovcrcd core which might indiczttc: a change or void in the 
formation. Fit fmcturc, bcddnl, or jairrtcd piwax ul’ cnrc 
together as they ntthtrally ocrurrcd. 

6.1.4 Stop the con: drilling when sofi mnterinis nrt: cn- 
countered that pruducc less lhan JO 96 rccwcry. If nc~cssrrry. 
.wctm snntpics of solI maWiitls in ncwrdancc with tltc pw 
ccdurcs described itt Method 0 I Sgfi, Pnctir% U 1337. or 
Pncticc U 3550, or by any 0Mzr mclhod ;1capt3hlc to lhc 
gcoiogisl or onginecr. Rcsume diantuntl curt drilling when 
rcfisal mnlcri& 3s &s&cd in 6. I arc spin cncouttlcrcd. 

G.2 Sttbsurt’wc stntcturc, incfuding ths Jill of- SI~U. the 
occttrrcn~t of scams, fissures, cztvilics. 2nd broken anzts xc 
ittttong the most import;tnL itcnts to bu tl&~!cd and rlc- 
scribed. Titke specizti cat%. to obtain and record information 
about thuc faturcs. II’ conditions prevent the contittucd 
advance ofthc con: dri!I;ng, the hole should hc ccmentcd and 
redrilled, or rcamed and cased, or cl.& and tldvs~wd with 
the next smaiicruitr: corn h;mcl. as rcquirctl by the geologist 
or atgincrr. 

6.3 Drilling mud or grouting tcchniqua must hc approved 
by the gcolagist or engirtwr prior tu lhcir use in the L~ordltol~. 

6.4 Cmtrpcttifdily rf I~qtripnwn f: 
6.4. I Whenever possible, core bnrrcls tend drill rods shoultI 

be selected liont Iltc same Ictter-sia desigmtlion to atsun: 
maximum etlicirncy. See Titbla 1 and 7. 

6.42 Never USC a combinntion of pump, drill rod. and 
core batzl that yields ;t cicar-w:ttcr up-holc velocity of less 
than 120 ft/min. 

(rA:t Never use a wtthin:tliou of:tir compressor. drill nwf, 
and core barrcf that yid& a clear-air up-hoic velocity of ICSS 
than 3000 ft/min. 



7. Dorinp Log 
7.1 The boring log shall include the foflowingz 
7. I ; f Prujccz identification, boring number, location, dntc 

g bcgrm, data boring complaed, and driller’s mtc. 
. .2 Ehxttion of the ground surfkc. 

7.1.3 Elcwtion of or depth to ground wter ad raising or 
lowering of keel including the dates zund the timu mcIIsulrEd. 

7. I.4 Elevations or depths at which drilling Fluid return 
w3s Iost. 

7. I.5 Size, type, and design of cm barrel used. Sk, typq 
and set of core bit oad reaming shdl used. Size, type, and 
length of 3LI casing used, Description of say movements of 
the using. 

7.1.6 Length of each core run and the iengb or $erccatagc, 
ar both, of the con: reovcrcd. 

7.1.7 Gcoiogirtb or engineer’s dcmiption of the formation 
rccovcrcd in e3ch mn. 

7.1.8 D&r’s description, if no cagiiwcr or geoiogist is 
prcscnt, of thr: formation rtxoti in wh run. 

'7.1.9 Subsurfhcc suwture dwwiption, &Ming dip of 
strata and jointing, awities, fbres, sod any other buwt- 
tions made by the ge&gist or erzgiactr that could ykld 
information regarding the formotion. 

7. I. 10 Depth, thickness, and ;rppotcat nature of the f&g 
Of rlzlCh Cavity or soft scam encountered, including opinions 
grrincd Corn the feel or appenmncc of tic inside of the innw: 
tube when core is lost. Rccad opinions PO suck 

7. I. I 1 Any chtutgc in the chamctw of the drilling fluid or 
,. .,,* 

“’ 
drilling fluid return, ,, 

7. I. 12 Tidal and current information when the bar&ok 
is sufkientfy close to a body of water to b& aff&twL 

7. I. 13 DriUing time in minum per foot’ and bit pressure 
in pound4orcc per .quarc in& 

7. I. 14 Notations 
when appkabk 

ofckartiw of ddlhg, thm is, sofl, slow, 
easy, smooth, etc. 

8. Precision and Bins e 
8.1 This pmccicc does not produce numuiuf data; therc- 

m 
“““““X m 
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4lc Designation: D 2113 - 83 (Reapproved 1987) 

_<, : _ Standard ?ractice for 
Diamond Core Driliing for Site Investigation’ 

75s n~rndard is iswcd uodcr the fixed clcsignation 0 2113: the number immcdintely follawinp: IIW dcs@atinn indinw% the yc;lr of 
originnl aduptinn or. in ~hc IZWC of revision. ihc year oflast rcvisioa. A number in parcmhwer indiata the year of Inta rcapprnmt A 
supcncrip~ epsilon (c) indicates on cditwiol cbnn$c .cincc the 1x1~ rwisinn or rupmuwl. 

1. Scope 

1.1 This prtcticc dcscribcs equipment and procedures for 
diamond core drilling to secure core wnplw of rock and 
some soils that are too hard to sample by so%sampiing 
methods. This method is described in the context ofobtaining 
data for foundation deign ;md gcotlshnical cngincering pur- 
poses r~thcr than for mineral and mining exploration. 

2. Hcfcrcnced Documents 
2. I ASTM Smrdmck 

‘_ 

D 1586 blcthod fbr Pcnctntion Test and Split-Barrel Sam- 
piing of Soils’ 

D 1587 Pncticc for Thin-Walled Tube Sampling of Soils’ 
D 3250 Pncticc for Ring-Lined ktrrcl Silmpklg of Soils’ 

3. Significance nnd USC 

3.1 This practice is us& to obtain core spccimcns of su- 
pcriorquality that reflect the in-situ conditions of the material 

.4” and strkturc and which arc suitnbrlc for standard physical- 
*opcrtics tests and structural-integrity determination. 

4. Appmtus 
4.1 Driliiqr Mmhirra capable of pmviding rotation, feed. 

and rctmction by hydraulic or mechanical means to the drill 
rods. 

4.2 Chid Ptwtp or Air Contprc.wor, cnpahk of dclivcring 
suficicnt volume and prcssurc for the diameter and depth of 
hole to bc driilcti. 

4.3 Cm hrwh, 3s rcquircd: 
4.3. I Sj&! Trh Type, JVG Dmigfr, consisting of a hollow 

steel tube, with ;I head at one end threaded for drill rod, and 
:I thrcndcd connection for a reaming shell and core bit at the 
other end. A core lifter, or rctaincr located within the core 
bit is normal, but may’be otiittcd at the discretion of the 
gcoiogist or cnginccr. 

4.3.2 Duddt.~ Tube, Swivel-?;vpc, Wci Da&t+-An asscm- 
bly of two concentric steel tubes joined and supported at the 
uppr end by mcnns of a ball or roller-bearing swivel arranged 
to permit rotation of the outer tube without causing rotation 
of the inner tube. The upper end of the outer tub6 or 
removable had. is thrcttded for drill rod. A thrcadcd conncc- 
tion is provided on the lower end of the outer t&c for a 
reaming shell and core bit. A core Iiftcr located within the 

*, 
*’ 

’ Tltii practice is under the juriscliction uf A.STM Commille O-IS on Soil and 
Ktrk and is Ihc direct responsibility trf Subcnmmittcc .UI8.02 on Sampling and 

htcd PickI Taing for Soil Invcstipjtions. 
~urrcnc cdbion appmvcd June 24, IPRJ, Publirhcd Augut 1913. Originnlly 

published .as D 2 I I3 - 621. &st previous edition 0 21 I3 - 70( 1976). 
2 ,~ntmu/ urmk ~fh5TAf Smmlanls. VolO4.08. 

core bit is normal but may bc omitted at the discretion ol’the 
geologist or cnginccr. 

4.3.3 Dordde-Tuhc, Swivel-Type, W?‘Dcsign, is csscntially 
the .-me as the double tube, swivel-type, WC; design, cxccpt 
that the WT design has thinner tube wrrlts, a rcduccd tlnnular 
area bctwccn the tubes, and Lakes ~1. hrgcr core from the SilmC 
diamctcr bore hole. The core lifter is Iocatcd within the core 
bit. 

4.3.4 DOU& Th, Swivd 7>pc: Cl/h! Dmi,pr, is simililr to 
the double tube, swivel-type, WG design, except that the 
inner tube is threaded at its lower end to receive a core lilicr 
cast that effectively cxtcnds the inner tube well into the core 
bit, thus minimizing exposure of lhc con: to the drilling fluid. 
A core lifter is contained within the core lificr cnsc 011 the 
inncr tube. 

4.3.5 Dmbiti Tttbe Swivel-‘I-‘ljr/te, LurpMinntdcr Dcagtl, 
is similar to the double tube, swivel-lypc, WM design, with 
the addition of a bail valve, to control fluid flow. in all three 
availablc sizes and the addition of a sludge barrcf. to catch 
heavy cuttings, on the two larger. si7m. The large-diamctcr 
design double tube, swivel-type, core barrels arc nwilablc in 
three core per hole sizes a$ follows: 2% in. (69.85 mm) hy 3% 
in. (98.43 mm), 4 in. (i0S.G mm) by 5% in. (139.7 mm!, and 
6 in. (152.4 mm) by 7% in. (196.85 mm). Tticir use is 
gcncnlly reserved for very dctailcd invcstigativc work or 
where other methods do not yield ;rdcquatc rccovcry. 

4.3.6 Daub/r! 7’uh.~, Swivd Type, Rrrriievubk Im~-7’d~c 
&fet/fr)ll in which the core-laden inner-tube :I.ssembly is rc- 
tricvcd to the surfttcc nnd an empty inner-tube wscmbiy 
rcturncd to the fact of the borchoic through lhc matching, 
Lrgc-bore drif1 rods without need for withdrawal and rcpiclcc- 
ment of the drifl rods in the borehole. The inner-tube asscm- 
bly consists of an inner tube with rcmovablc core lifter case 
and core lifter at one end and ;1 remombie inner-tube head, 
swivel bearing, suspension adjustment, and latching dcvicc 
with rclcnsc mcchanisnl un the opposite end. The inner-t.uhc 
latching dcvicc locks into a complcmrntary recess in the wall 
of the outer tube such that the outer tube may bc rotated 
without causing rotation of the inner tube and such that the 
latch may bc actuated and the inner-tube assembly tnns- 
ported by appropriate surface control. The oulcr tube is 
thrcadcd for the matching, lorgc-bore drill rod and intcm:IIly 
configured to rcccive the inner-tube latching tfevicc nt one 
end and threaded for a rcaminp shell and hit, or hit only, at 
the other end. 

4.4 Lon~i~irrrdinnliy Spiir Innt~r ‘lirh-As opposed lo con- 
vcntional cylindrical inner tubes, 111low inspection of, 2nd 
z~ccss to, the con: by simply removing one afthc two hztlvcs. 
They arc not standardized but arc av&blc for most core 
barrels including many of the rctricvahle inner-tube types. 
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4.5 (.‘OR* IX!.+Core hits Shill1 IN Nllflh! Set will1 tliit- 
munds, imprcgn;M with small tliai~ontl p;wticlcs. inscrtctl 
. . ’ tungsten c;1rOiilc slu@, ur strips. ti:trd-litccrl with v:1rincls 

surtiicing mutcrinls or tbrnishcd in a1w-tocltlr lhrin, nil 
ilh iippfTlflri:ltC to thC fortllilliott hcing CO& iltltl with concur- 
rcncc Ol’thc gcoiogbl Or cnginccr. IN 1llillfiX Illilk!l+li, crown 
slmpc, water-way type, location and nuntbcr ol’ water w:tys. 
di:imond size and Ci1rt1L weight. :tnd hi1 ficing mnicrials sh:~ll 
be fir Gcncml purpose USC unless otltcnvisc :1pprOvcd by the 
gcolo&t Or Cnginccr. Ni~min:tl si7.c irl’smiic hit.u is shown in 
I’ilblC I. 

Nvrti I--Sius tksignaliun (kltcr symbda) uscz thmughnut lhc lcxl 
anil in Tublct I , 1. and 3 mx! those vkutdutdirrd by the Dinmond (Ton: 
Drill Manul:hcturcn’ Assoc. (DCDMA). Inch tlimcn&ne in lhc tabI 
ltwc been rounded 10 Ihc nuorcst hwuhwlllr ul’an inch. 

4.6 1Ce(Arfg S/Ms, shnll bc surlbcc sCt with diamonds. 
i ntprcgncltcd with’ smull JinmOnJ particles, inscrtcd with 
tittigsstcn mrkGde stripe Or slup, hilrd fclccd witt1 v:irious tyI)L=Y 
Of himi surbzing mnlcrials, Or I’urnishccl blilllk, 311 :Is :lpprO- 
priate to the tbrmution being cured. 

4.7 Cure UJ~crs--clorc lifters of the split-ring type, cithcr 
plGn or hard-tilccd, shnll bc furnishctl ;lnd muintPincd. Aong 
with core-lif’ter ciics Or inncr-lulx: cxlcnaions 01 .nncr-tube 
sttocs, in good conciition. &lskt!t Or fin&r-lypc lilbs, loplllcr 
with utly necc.qary idapte~, shall be 011 lhc job and :Alitblc 
Tar USC with each cow barrel ifscl dircctcd by the gcologisl or 
engineer. 

4.Y Ccrsin fly: 
4.8. I Ilriw l’ipc Or IhilV CtLYirtg, Sllilll bC Stillldilffl weight 

I- * ~*dlllc 4(I), cxtr;l-l1c;1vy (schedule NO), douh!c cxm-hatvy 

TABLE 1 Core Bit Sites 

ouwo oiilmQlor I~ohmQlcw 
slzo Ou%igMllofl -..... - _ . ..-_.-. . - - 

in. INIl hr. Irn\ - --.. - ..- _ - - 
AWT l.lU 

2g,5 03ili .: --- .-. 
lU.7 

K. EWM 
1.47 37.3 0.9oB 22.9 
1.47 37.3 0.045 21.4 

% AWM 
I .ua 47.6 uai 32s 

l3wr’ 
1.08 47.6 l.lUti no.0 
2.35 59.5 I.760 44.5 

BWG. BWM 235 59.5 I .ws 420 
NWT 2.97 75.3 2.313 se.7 
NWG. NCVM 2.97 75.3 2lSJ 54.7 
2% x 3% 3.84 973 2.05 au.3 
HWT 3.89 98.a 3.167 w.9 
HWO. . . . 3.89 98.0 3.000 762 
4XSH 5.44 13uJI 3.97 IC0.E 
6X7% 7.66 194.4 5.97 151.6 

- *-.-... --. -..-..-M-e. I . ..- 

(scl1cdulc I 00) pipe or W&sign Ilush-,it)int c;winl: 3s rcquircrl 
by lhc nattin: of tltc 0vcrburdcn or the lA:~ccmcnt ntclhod. 
Drive pipe or W-design c:aing sh3lI Ix: nf sullicicnl tli:1mclcr 
lo p:isi lhc I:trgH core Imrrcl lo Ire wwtl. ;uril it sh;ill llc driven 

,,,I. 
1,, 

Lo bcil rock or lo lirm .sc;lling at ;in ckxttio~t ixlnw w:tlcr. 
sCnsitivc IktlittiCttt. A I1nrdcncd drive shot is lo bc u.sctl ;ts ;t 
cutting cdgc anti thread protcztion tlcvicc OH lltc Iwtt~in of 
tlic drive pipe or czGig. The drive shoe in&r diameter slinll 
bc IitQC enough to pm tllc tools intcntlcd tier use, 3nd tilt 
shi1r: :inil pipe or c:ising shnll hc Fred liirni hurts ltr obtruc- 
t inns. 

4.X.2 Chsitrg-When ncccssay to c3.sc lhmugh formations 
nlrcady pcnclntcd by lhc bnrcholc or when no drive casing 
0~ been set, auxiliary cu.lsing shall IX provitlCd ~0 lit inside 
tltc horcholc to ;1llc1w use of the next smJlcr core brcl. 
Standilnl s&s ot’ tcIescotGny c:Lsing ;irc shown in I’;lbltt 2. 
&sing hits hnvc ;1n ohstructian in tlrcir interior nnd will not 
~XISS Llrc nwt smnller casing six. 1Jsc :I c;ainp shot if Ai- 
‘1iUIill Iclacoping iS ilIltiCip:ltCJ. 

4.X.3 Lifsitt.!: /,itrcY-PlilsliC pipe or sheet-mcktl pipci ntay 
bc u&Cd to lint an existing I:trgc-di:imctcr casing. Liners, so 
used. should 1101 hc tlrivcn, ttnd CXC SOOLIIJ bC lakCn 10 
IllititltZtilt true ;IlignniCnt throughout lhc Icngtlr ot’ the linor. 

4.8.4 Iffrl/f~ Sutn Arr,q+-l~lollOw stem ;tuscr my lx 
uscii us msing Ibr coring. 

4.9 Ihill Ihk: 
4.9. I Ilrill Rods of ‘lithrrlrr ,Thr~/ Citttshwclif~tt arc no& 

ninlly uar’bl lo tmnsmil fCal. rotulicrn. ;uitl rctmclion fbrccs 
tionr the drilling machine b the COH: Irarrcl. Drill-rtrtl b+~cs 
Lllitl XC prcscntly st:1ntl;1rdi7~rl WC ShOWI in ‘M>lC f. “” ~., 

4.0.2 L~c born drill r&s used will1 r~triCv&lc iancr-lube 
con: IxtrrCls DfC not stnndurdilsd. Drill mds trscd with rctricv- 
ilblC inner-tube core biWrclx should bc tlluX manut5clurcd by 
tllC CNC-hilt7Cl tllitlltlhZltUCr ~~ccilic;tlly lbr tl1C COlX! IXIKCI. 

4.9.3 C.‘utttpwlr IYM Rotl.v XC spr~ilic:1lly cnnstrudcd 
liutn two 0C mart lllillCliitb intcntlal to pR1VidC sprAic 
ptcrpcrtics such 8s liglrl wCigl11 of clcctrirrl ntmarnductivity. 

4.9.4 Ntttttt~t~trctic Ihill K~td.~ arti manul:1ctuml ol’ nun- 
I’crr0tl.g lllilkfiltk such ilS :iIumintim nr I!l3sS and Wt! UWi 
primarily for hole xttrvcy work. Some nt)nm:tgncfic rods h:tvc 
Icli-ltitntl thrcaiis in urdcr to lirrthcr their VJluc in survey 
work. No sttlnd:trd exists tilr nOnmq:netic nxts. 

4. IO .k\‘ililrr,v hi~rriptttctrf, shdl bc Itirnisl1od ns rcquircd 
by the work ;ml shrtll include: roller rock hits. Jrng bits. 
choppine bits. l~uldcr baslcr?r. lixht;1ii hits, pipe wrcnchcs. 
con: tx~rrcl wrcnchex, lubrilr.: ion cquipmcnt. cnrc hoxrs. nnd 
nitliking &vices. OthCr rccc1ninicndcd cquipmsnt it1cluilCs: 

TABLE 2 Caring Sites 
m----w- 

----- ’ ~oul%klQ OlonlQlcr IWMO 0lmlQlw 
siteOosignolton 

Fll HOI0 lRimzhCoro 
,’ _- . . . -. - -.-w--a --. - . _ . I 

in. mm In. mm 
-~--wi% Oil SiXC 

.--. .- - ._. 
_ . 1 ..-.- . . . . .._ 

.- - - ..w-.-w-m. v. -. 
..-w-w.-.. - 

_ _.____ _ 
AW 1.144 30.5 1.19 

j,; -s- EWT.EWGfiWhi I 
Ew 1.81 46.0 t so 38.1 AWT. AWG. AWM 
Et 225 2.fJa 57.1 73.0 . 2.38 1.91 48.4 60.3 1::’ ‘0 NVW. ow. Bwci. NVUG. BWM NWM I 
NW 3.90 88.9 3.co 70.2 4 Hwr, HWG 
HW 4.50 114.3 4.00 IO1.B 4 JX!iH a,' 
Liti 580 6.63 lE9.2 139.7 5.CO 6.00 127.0 152.4 :3 3 6 c x x 7% 7% I 

7.63 193.0 7.00 I 77.0 3 . . . I lnN 
zw 6.63 219.0 8.W 203.2 i . . . I .._.-..---... . ._- ._--- -,- - -. - . 

I 

_- “1 
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TABtE 3 Drill Rods ---.----. 
Rod lnnico olomolw -. - - - . 

In. tnnt .- 
0.72 -. : ii 
I .oo 25.1 
1.34 34.1 
1.75 44.4 
225 !i,. f 
3.00 77.7 

-e-e--- -._----.--.---..-- 

Sk.0 OuuicpnrUori 
Rod ml Coupl!n~ OttMdo Obmotnr 
. -.- -... ,“. - . - . . ..&. .- 

--.. ..--.._ -, -. . . . . -... . -... -.. 
RW 1.00 27.7 
Ew 1.3H 34.9 
AW 1.72 4.6 
BW 2.13 53.9 
NW 2.63 66.G 
HW 3.50 BR.9 

.m.- .- -.--- . ..- . . . . - ..-.-- - 
Ctn* eixo. nwoods 

.-. - - in. rmn -.. ._ p&n. - - 

3.41 - - 1-0.3 -. .- r -‘. - 
0.44 11.1 3 
0.63 15.8 3 
0.75 13.0 3 
1.30 34.9 
2.38 GO.3 i 

COK spiiltcr, rod wickiny, pump&t tools or extrudcr~, itnd 
hd sicvc or stnincr. 

5. ‘I’ransportatiun and Storage of Core Contnincrs 

5.1 C’m! I~J.ws, Sftilff be conatructcd of wcloti or olhcr 
durable mntcrial for the prot4on iind stongc of cores wf~ife 
cnrou(c tiiom the drill site to the laboratory or other proccus- 
.ing point. All core boxes shall bc provided with longitudinal 
scpmtors and recovered corn sholi bc laid out its a book 
would rend! from left to right ;Ind top to hottont. within the 
longituditti~i scpitrators. Spacer blocks or ~4~~ ~ftail hc 
nrarkcd and inscrtcd into the core column wtritin titc scpit- 
rntors to indicate Ihe beginning of eirch coring run. The 
beginning point of stomp in cnch core box is the upper Iclt- 
hand corner. The upper: left-hand comer of n hinged core box 
is the left corner when the hinge is on the far side oTt!z box 
and the box is right-side up. Aff hinged core boxes must bc 
permanently marked on the outside to indicate the top and 

’ tltc bottom. AII otfrcr con: boxes mu$t bc pcrmnncntly 
matkcd on the outside to indicate the top and the bottom 
;md additionally, must be pcrmrmcntly mrkcd internally to 
indicate the upper-left comer of the bottom with tftc’ fellers 
UL or J splotch of red paint not less than f in.? Lid or cover 
fitting(s) for core boxes must be of such quality as to ensure 
:ifpinst ntix up of tftc core in the cvcnt of impact of upsctting 
ot’ the core box cfuring transportation. 

5.2 Transportation of cores front the drill site to the IitbO- 
rntory or olher processing point shall bc in durablccorc boxes 
so padded or suspended as to bc isolated from shock or 
impact transmitted to the transporter by rough termin or 
cnrcfcss opcntioit. 

5.3 Stongc ot’ cores, 3ftcr initial tcsling or inspection al 
the laboratory or other processing point, may bc in cardboard 
or similar less castly boxes provided a11 layout and marking 
rcquircments ns spccificd in 5.1 are CoIlowed. Additional 
spacer blocks or plugs shall be added if necessary at time of’ 
stonp to explain missing core. Cores shall be stored for a 
period of time speciiied by the cnginccr but should no1 
normally bc di~ilnied prior to contpjction of the project liar 
which they wverc taken. 

6. Proccdurc 

6. I USC core-drilling proccdurcs when formations ;1re cn- 
countcrcd that arc too hard to be sampird by soil-~mpiing 
methods. A l-in. (25.4mm) or less pcnctntion for 50 blows 
in accorduncc with Method D 158ti or otltw CnitCriU atub- 
‘ishcd by the geologist or cnginecr, sfutl1 indicate that soil- 
sampling methods arc not applicable. 

6.1. I Sent the casing on bedrock or in a tit-m formtldon lo 
prevent raveling ofthc borcholc and to prcvcnt ioss uk’driffine 

Iluid. Lcvcl the surlilcc oi’ tltc rock or ftitrd lbrm;ltion iIt lltc 
bottom of titc casing when necessary. using the appropriate 
hits. Ctising lttily bc ontittcrl if the borchfc will sktnd open 
wilftout thC cidrlg. 

6. I .3 Begin the core drilling ttsir~g :ut N-size doubfc-lnhc 
swivcf-lypc core bllrrci or other si’z or lypc :ipprovctl by lltc 
cnginccr. Continue core drilling until core hiocklrp occurs or 
until the nel lenglh of the con: barrel has hccn drilled in. 
Rcntove the core barrel front Iftc hofc ;Ind disa.sscntblc il x 
ncucssary to rcmovc lhc corc.Rczsscntbfc titc core hnrrcl and 
rclurrt it to the hofc. Kwrnc coring, 

0. I .3 Plucc Ilic wovcrcti core in litc core has with tltc 
upper (surtilcc) end at’ the core al tftc upper-lcl’t cmer of tftc 
citrc box 3s dcscrihcd in 5,i. Continue ltoxing cI)rc willi 
:~ppropri;ltc markings, spacers, and blocks ;ls tics~riitcd itt 5. I. 
Wnn soft or friable cores or fhosc which cftnngc ntilteriilffy 
upon drying in plastic film or scai in wux. or both, when such 
treatment is requircci by the cngincer. Ilsc sltitccr blocks or 
slugs propcrly rtlitrked Lo indicittc any noGL~:tbIc g!;lp in 
rccovcrcd core which migftt indicate 1 change or void in lftc 
thlliltiOn. Fit fmcturc, bcdtli~ii. or jaiitlcd picca 01’ core 
togctfter ;1s they otltur;lIly o~urrcd. 

6.1.4 Stop the con: drilling witcn sof ~tt:ltt!riilfS m cn- 
countered tftat produec IGSSS LItan 50 ‘% ~CWVC~. If Itcccssary. 
ScCttrC S:lmpfCs Of Sdt Ittiil~riitfS in Xcorti;lltCc will\ tk pro- 
ccdurcs ticscribed in Mclftotl D 1%. Pwlicc U ISST. or 
Yrxticc I> 3550, or hy nny olhcr mclhod ;;c~qM~ic to lfw 
geologist or cn$nccr. Rcsuntr: di:uttontl con: rlrillirtg when 
~U.SII nt~Wfhf~ its descrihcd in 6. I iVc Lipin cncounlcrcd. 

6.2 Subsurthcc struciurc. including Litc dip of’ mil;i. lfte 
occurrence of sc:tms, lissurcs. csvitics. rend ftmkcn ;Irczts arc 
ilfttMtg titc ntosl intportrittl ilcnrs to ftc ticlcctcd ;utti de- 
scribed. ‘fi\kc special cart to ohlain ~lncl record inli>rm:trion 
about thcsc t’mturcs. IT condilions prcvcnt the conlinucd 
advance ot’tftc core dri!!;ltg, tftc hole should hc ccmcntcd and 
rcdriffcd. or rcztmetf and cased. or cztscti iutd ;tdv:utccJ witft 
tftc next smdlcr-six core bitrref. I1s rcquircrf by tftc gcologisl 
or engineer. 

6.3 DriIlittg muJ or grouling fcchniqucs must IX spprovcd 
by the gcniogist or engineer prior to lftcir use in the borcftofc. 

0.4 Chrtpt~lil~ility qf’ I!i~rlipnrrW 
6.4.1 Whcncver possible, corn biIrr& ilntl drill rods sftoul~f 

ftc sefccted front titc simte letter-size dcsignnlio!t to cnsurc 
mGmum ctkicncy. See ‘t’itblcs 1 and 5. 

6.4.2 Ncvcr USC :t comt>i~t:hll of pump. drill rod. rind 
cofc barrel that yicitls ;i chr-wrtcr up-hole wiocily 0t’ kss 
than 120 ft/min. 

(,.JJ Never use iI ct)nthinnlion of’:Gr cornprcssor. drill rod. 
and core b:lmA that yicfrls it clwr-air up-IWIC vciocily of ISSS 
than 3000 fl/min. 



7. Boring Log 

7. I The boring log shall include the following: 
7.1. I Project identification, boring number, location, clatc 

t ” ? be&m. dote boring completed. and driller’s name. 
.2 Elevation of the ground surface. 

7. I ,3 Eicmtion of or depth to ground water and raising or 
lo\vering oflcwl including the dates and the times measured. 

7.1 .J Elevations or depths at which tiling fluid return 
was lost. 

7. I .5 Six, type, and design of corn barrel used. Size, type. 
and set of core bit and reaming shell used. Size, type, and 
length of all casing used. Description of any movements of 
the txsing. 

7.1.6 Length of each core Nn nnd the length or perccntnge. 
or both, of the core recovered. 

7. I ,7 Geologist’s or engine& description of the formation 
rccovcred in each run. 

7.1.8 Driltcr’s description, if no cngjriccr or gcofogist is 
prcscnt, of thr: formation rccovercd in each run. 

7.1.9 Subsurface structure description, including dip of 
strata and jointing, cavities, fissures, and any other obscrva- 
tions mdc by the geoiogist or engineer that couId yicid 
information regarding the formation. 

7.1.10 Depth, thickness, and apparent nature of the filling 
of each cavity or soft seam encountered, in&ding opinions 
gained tiom the fed or appuamncc of the inside of the inner 
tube when core is lost. Record opinions as such. 

7.1. I 1 Any change in the chamcter of the drilling fluid or 
drilling fluid return. 

7.1.12 Tidat and current information when the boreholc 
is sufficiently ciose to a body of w&r to be &Wed. 

7. I. 13 Drilling time in minutes per foot’ and bit pressure 
in pound-force per square inch w when applic3blc. 

7. I. 14 Notations of clrsrac:~ of tiiili~lg, that is, soft, slow, 
easy, smooth, etc. 

.8. Precision and Bias a 
8.1 This practice does not produce numcricai data; therc- 

fore, ;1 precision and bias statement is not applicabic. 
Non I-inclus&m of lhc hlkwin~ tnbks and use of lcttcr symbols 

in the foregoing text is not intcndod to limit the practice to UK of 
DCDMA tools. The tobk aad text r&rcnccs an inclzldcd 31 P convcn- 
icncc to the user iacc the vast m;riwity of too& in use do meet DCDMA 
dimcmional %uadWs. Simiiu aqui(amcnt of approximntciy equal size 
on the metric standard system is acaptabk unless othcwise stipul~tcd 
by the cnginccr or qookqist. 
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1.0, PURPOSE 

This procedure describes methods for proper monitoring wel 

2.0 SCOPE 

11 design, installation, and development. 

This procedure is applicable to the construction of permanent monitoring wells at hazardous waste 
sites. The methods described herein may be modified by project-specific requirements for monitoring 
well construction. In addition, many regulatory agencies have specific regulations pertaining to 
monitoring well construction and permitting. These requirements must be ascertained during the 
development of the investigation and any required permits which may have to be obtained before 
field work begins. Innovative monitoring well installation techniques, which typically are not used, 
will be discussed only generally in this procedure. 

3.0 GLOSSARY 

Monitorina Well - A well which is properly screened (if screening is necessary), cased, and sealed 
which is capable of providing a groundwater level and groundwater sample representative of the 
zone being monitored. 

Piexometer - A pipe or tube inserted into the water bearing zone, typically open to water flow at the 
bottom and to the atmosphere at the top, and used to measure water IeveE elevations. Piezometers 
may range in size from l/2-inch diameter plastic tubes to well points or monitoring wells. 

Potentiometric Surface - The surface to which water in an aquifer would rise by hydrostatic pressure. 

* I 
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Well Point (Drive Point\- A screened or perforated tube (Typically l-1/4 or 2 inches in diameter) with a 
solid, conical, hardened point at one end, which is attached to a riser pipe and driven into the ground 
with ‘a sledge hammer, drop weight, or mechanical vibrator. Well points may be used for 
groundwater injection and recovery, as piezometers (i.e., to measure water levels) or to provide 
groundwater samples for water quality data. 

4.0 RESPONSIBILITIES 

Driller - The driller provides adequate and operable equipment, sufficient quantities of materials, and 
an experienced and efficient labor force to perform all phases of proper monitoring well installation 
and construction. He may also be responsible for obtaining, in advance, any required permits for 
monitoring well installation and construction. 

Rio Ceolooist - The rig geologist supervises well installation and construction by the Driller, 
documents all phases of well installation .and construction, and insures that well construction is 
adequate to provide representative ground water data from the monitored interval. Geotechnical 
engineers, field technicians, or other suita,ble trained personnel may also serve in this capacity. 
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5.0 PROCEDURES 

5.1 EQUIPMENT/ITEMS NEEDED 

Below isa l,ist of items that may be needed while installing a monitoring well. 

l Health and safety equipment as required by the site safety officer. 

l Well drilling and installation equipment with associated materials (typically supplied by the 
driller). 

0 Hydrogeologic equipment (weighted engineers tape, water level indicator, retractable 
engineers rule electronic calculator, clipboard, mirror and flashlight - for observing 
downhole activities, paint and ink marker for marking monitoring wells, sample jars, well 
installation forms, and a field notebook). 

l Driv mt 
tri , 

8 
ipe wrenches, drrve porn , ser pipe, and end caps). 

5.2 WELL DESIGN 

installations, tools.* Hammer, drop hamemechanical vibrator: 

The objectives for each monitoring well and its intended use must be clearly defined before the 
monitoring system is designed. Within the monitoring system, different monitoring wells may serve 
different purposes and, therefore, require different types of construction. During all phases of the 
well design, attention must be given to clearly documenting the basis for desig#n decisions, the details 
of well construction, and the materials to be used. The objectives for installing the monitoring wells 
may include: 

l Determining groundwater flow directionsand velocities. 
l Sampling or monitoring for trace contaminants. 
l Determining aquifer characteristics (e.g., hydraulic conductivity) 

Siting of monitoring wells shall be performed after a preliminary estimation of the groundwater flow 
direction. In most cases, these can be determined through the review of geolIogic data and the site 
terrain. In addition, production wells or other monitoring wells in the area may be used to determine 
the groundwater flow direction. If these methods cannot be used, piezometers, which are relatively 
i-nexpensive to install, may have to be installed in a preliminary phase to determine groundwater 
flow direction. 

5.2.1 Well Detih. Diameter, and Monitored Interval 

The well depth, diameter, and monitored internal must be tailored to the specific monitoring needs 
of each investigation. Specification of these items generally depends on the purpose of the 
monitoring system and the characteristics of the hydrogeologic system being monitored. Wells of 
different depth, diameter, and monitored interval can be employed in the same groundwater 
monitoring system. For instance, varying the monitored interval in several wells, at the same location 
(cluster wells) can help to determine the vertical gradient and the levels at which contaminants are 
present. Convenly, a fully penetrating well is usually not used to quantify or vertically locate a 
contamination plume, since groundwater samples collected in wells that are screened over the full 
thickness of the water bearing zone will be representative of average conditions across the entire 
monitored interval. However, fully penetrating wells can be used to establish the existence of 
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contamination in water bearing zone. The well diameter would depend upon the hydraulic 
characteristics of the water bearing zone. Sampling requirements, drilling method and cost. 

The decision concerning the monitored interval and well depth is based on the following 
information: 

The vertical location of the contaminant source in relation to the water bearing zone. 

The depth, thickness and uniformity of the water bearing zone. 

The anticipated depth, thickness, and characteristics (e.g., density relative to water) of the 
contaminant plume. I* 

Fluctuation in groundwater levels (due to pumping, tidal influences, or natural 
recharge/discharge events). 

The presence and location of contaminants encountered during drilling. 

Whether the purpose of the installation is for determining existence or non-existence of 
contamination or if a particular stratigraphic zone is being investigated. 

The analysis of borehole geophysical logs. 

In most situations where groundwater flow lines are horizontal, depending on the purpose of the 
well and the site conditions, monitored intervals are 20feet or less. Shorter screen lengths 
(1 to 2 feet) are usually required where flow lines are not horizontal, (ie., if the wells are to be used 
for accurate measurement of the potentiometric head at a specific point). 

Many factors influence the diameter of a monitoring well. The diameter of the monitoring well 
depends on the application. In determining well diameter, the following needs must be considered: 

l Adequate water volume for sampling. 
0 Drilling methodology. 
l Type of sampling device to be used. 
l costs 

Standard monitoring well diameters are 2, 4, 6, or ainches. However, drive points are typically 
l-1/4or 2 inches in diameter. For monitoring programs which require screened monitoring wells, 
either a 2-inch or Q-inch diameter well is preferred. Typically, well diameters greater than 4 inches are 
used in monitoring programs in which open hole monitoring wells are required. In the smaller 
diameter wells, the volume of stagnant water in the well is minimized, and well construction costs are 
reduced, however, the type of sampling devices that can be used are limited. In specifying well 
diameter, sampling requirements must be considered. Up to a total of 4gallons of water may be 
required for a single sample to account for full organic and inorganic analyses, and split samples. The 
water in the monitoring well available for sampling is dependent on the well diameter as follows: 



Subject 

GROUNDWATER MONITORING 
POINT INSTALLATION 

c 
Revwon ~Effecttve Date 

1 0 5/04/90 

Casing Inside 
Standing Water Depth to Total Depth of Standing 

Diameter, Inch Obtain 1 Gal Water Water for 4 Gal. 
(feet) (feet) 

I 
2 6.13 25 1 
4 1.53 6 

6 0.68 3 
I 

However, if a specific well recharges quickly after purging, then well diameter may not be an 
important factor regarding sample volume requirements. 

Pumping tests for determining aquifer characteristics may require larger diameter wells; however, in 
small diameter wellsin-situ permeability tests can be performed during drilling or after well 
installation is completed. 

5.2.2 Riser Pipe and Screen Materials 

Well materials are specified by diameter, type of material, and thickness of pipe. Well screens require 
an additional specification of slot size. Thickness of pipe is referred to as “schedule” for polyvinyl 
chloride (PVC) casing and is usually Schedule 40 (thinner wail) or 80 (thicker wall). Steel pipe thickness 
is often referred to as “Strength” and Standard Strength is usually adequate for monitoring well 
purposes. With larger diameter pipe, the wall thickness must be greater to maintain adequate 
strength. The required thickness is also dependent on the method of instaliation;-risers for drive 
points require greater strength than wells installed inside drilled borings. 

The selection of well sc:reen and riser materials depends on the method of drilling, the type of 
subsurface materials in whlich the well penetrates, the type of contamination expected, and natural 
water quality and depth. Cost and the level of accuracy required are also important. The materials 
generally available are Teflon, stainless steel, PVC, gaSlvanized steel, and carbon steel. Each has 
advantages and limitations (see Attachment A of this guideline for an extensive discussion on this 
topic). The two most commonly us& materials are PVC and stainless steel for wells in which screens 
are installed and are compared in Attachment 8. Stainless steel is preferred where trace metals or 
organic sampling is required; however, costs are high. Teflon materials are extremely expensive, but 
are relatively inert and provide the least opportunity for water contamination due to well materials. 
PVC has many advantages, including low cost, excellent availability, light weight, and ease of 
manipulation; however, there are also some questions about organic chemical sorption and leaching 
that are currently being researched (see Barcelona et al.‘, 1983). Concern about the use of PVC can be 
minimized if PVC wells are used strictly for geohydrologic measurements and not for chemical 
sampling. The crushing strength of PVC may limit the depth of installation, but schedule80 materials 
normally used for wells greater than 50 feet deep may overcome some of the problems associated 
with depth. However, the smaller inside diameter of Schedule80 pipe may be an important factor 
when considering the size of bailers or pumps to be used for sampling or testing. Due to this 
problem, the minimum well pipe size recommended for schedule 80 wells is 4 inch I.D. 

Screens and risers may have to be decontaminated before use because oil-based preservatives and oil 
used during thread cutting and screen manufacturing may contaminate samples. Metal pipe, may 
corrode and release metal ions or chemically react with organic constituents, but this is considered by 
some to be less of a problem than the problem associated with PVC material. Galvanized steel is not 
recommended for metal analyses, as zinc and cadmium levels in groundwater samples may be 
elevated from the zinc coating. 
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Threaded, flush-joint casing is most ohen preferred for monitoring well applications, PVC, Teflon, 
and steel can all be obtained with threaded joints at slightly more costs. Welded-joint steel casing is 
also acceptable. Glued PVC may release organic contamination into the well and therefore should 
not be used if the well is to be sampled for organic contaminants. 

When the water bearing zone is in consolidated bedrock, such as limestone or fractured granite, a 
well screen is often not necessary (the well is simply an open hole in bedrock). Unconsolidated 
materials, such as sands, clay, and silts require a screen. A screen slot size of 0.010 or 0.020 inch is 
generally used when a screen is necessary and the screened interval is artificially packed with a fine 
sand. The slot size controls the quantity of water entering the well and prevents entry of natural 
materials or sand pack. The screen shall pass no more than 10 percent of the pack material, or in-situ 
aquifer material. The rig geologist shall specify the combination of screen slot size and sand pack 
which will be compatible with the water bearing zone, to, maximize groundwater inflow and 
minimize head losses and movement of fines into the wells. (For example, as a standard procedure, a 
Morie No. 1 or Ottowa sand may be uurd with a 0.010~inch slot screen, howevcer, with a 0.02~inch slot 
screen, the filter pack material must be the material retained on a No. 20 to No. 30 U.S. standard 
sieve.) 

5.2.3 Annular Materirla 

Materials placed in the annular space between the borehoie and riser pipe and screen include a sand 
pack whan necessary, a bQntonite Mai, and cemant-bantonitt grout. The sand pack is usually a fine 
to medium grainad WQII gradtd, silica und. Tha quantity of sand piaccad in the annular space is 
dQpendent upon the length of thQ scr+aned interval but should always extend at least 1 foot above 
the top of the scrcan. At laast ona to three facet of bentonite pellatr or equivalent shall be placed 
above the sand pack. - The cement-bantonitc grout or equivalent extends from the top of the 
bentonite pellets to the ground surface. 

On occasion, and with the concurrence of the involved regulatory agencits, monitoring wells may be 
packed naturally, i.e., no artificial sand pack will be installed, and the natural formation material will 
be allowed to collapse around thQ well scraan after the wall is instaflsd. This method has been 
utilized whrrc the formation material itself is a relativcrly uniform grain size; or when artificial sand 
packing is not possible dua to borehole collapse. 

8entonitQ expands by absorbing water and provides a seal bQMeQn the screened interval and the 
overlying portion of the annular sprrca and formation. Cement-bantonite grout is placed on top of 
the bentonite pQiIQtS to the surfaca. The grout QffQctively seals the WQII and Qiiminates the possibility 
for surface infiltration raaching the xrwnad intQrval. Grouting also replaces material removed 
during drilling and prevants hoiQ collapse and subsidence around the well. A trQmie pipe should be 
used to introduce grout from the bottom of tha hoia upward, to prcrvant bridging and to provide a 
better seal. However, in boreholes that don’t collapse, it may be more practical to pour the grout 
from the surface without a tremie pipe. 

Grout is a genceral term which has several different connotations. For ail practical purposes within the 
monitoring well installation industry, grout refers to the solidified material which is installed’and 
occupias the annular space above the brrntonite pcrllet seal. ff . . 

C A cement bantonita grout normally is a 
mixture of cement, bantonite and water at a ratio of one 9O-pound bag of Portland Typa I cement, 
3-5 pounds of granular or flake-type bentonite and 6 gallons of water. A neat cement is made up of 
one ninety-pound bag of Portland Typa I cement and 6 gallons of water. 

’ 
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In certain cases, the borehole may be drilled to a depth greater than the anticipated well installation 
depth. For these cases, the well shall be backfilled to the desired depth with bentonite pcrllets or 
equivalent. A short (l’-2’) section of cappad riser pipe sump is sometimes installed immediately baiow 
the screen, as a silt reservoir, when significant post-development silting is anticipated. This will 
ensure that the entire scraen surface remains unobstructed. 

5.2.4 Protective Casing 

When the well is completed and grouted to the surface, a protective steel casing is often placed over 
the top for the well. This casing generally has a hinged cap and can be locked to prevent vandalism. 
A vent hole shall be provided in the cap to allow venting of gases and maintain atmospheric pressure 
as water levals rise or fall in the well. The protactive casing has a larger diameter than the well and is 
set into the wet cement grout over the well upon compiation. In addition, one hole is drilled just 
above the cemant collar through tha protective casing which acts as a weep hole for the flow of 
water which may enter the annuiusduring well development, purging, or sampling. 

A Protective casing which is level with the ground surface is used in roadway or parking lot 
applications whQrQ the top of a monitoring well must be baiow tha pavement. The top of the riser 
pipe is plaCQd 4to 5 inches b~iow the pavement, and a locking protrctive casing is cemcrnted in place 
to 3 inches below the pavement. A larga diameter protective SIQQ~Q is set into the wet cement around 
the well with the top wt IQVQI with the pavemQnt. A manhole type lid placed ovar the protective 
sleeve. The cement should be slightly mounded to direct poolad water away from the well hQad. 

5.3 MONITORING WELL INSTALLATION 

5.3.1 

After the bOrQhOiQ is drilird to the dasired depth, wril installation can bagin. The procedure for well 
installation will partially be dictatad by the stability of thQ formation in which the well is being 
placed. If tha borchole collapses immediatrly aftrr the drilling tools are withdrawn, thQn a 
temporary casing must be instaiird and wail instirliation will proceed through the center of the 
temporary casing, and continuQ as the temporary casing is withdrawn from the borclhole. In the case 
of hollow stem sugar drilling, tha augcm will set to stabilirQ the borehole during well installation. 

Before the xrfen and riser pipe arc lowered into the borehole, all pipe and screen sections should be 
measured with an Qnqinaers rule to ensure proper wail placament. When measuring sections, the 
threads on one and of thQ pipe or scretn must be exciudad while measuring, since the pipe and screen 
sections are Screwed flush togrther. 

After the screen and riser pipt are lowered through the temporary casing, then the sand pack can be 
installed. A weight(Kt tapH measura must ba used during thr procedure in order to carefully monitor 
installation progrhsr. The sand is poured .into the annulus between the riser pipa and temporary 
casing, as the casing is withdrawn. Sand should always be kept within the temporary casing during 
withdrawal in order to ensure an adaquate sand pack. However, if too much sand is within the 
temporary casing (greater than 1 foot’above the bottom of tha casing) bridging between the 
temporary casing and riser pipe may occur. 

After the, sand pack is installed to the desired depth, (at least 1 foot abova the top of the scmn) then 
the bentonite pellet seal or equivalent, can be installed, in the same manner as the sand pack. At 
least 1 to 3 feet of bentonite pellets should ba installed above the sand pack. 

D334901 
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The cement-bentonite groutlis th n mixed and either poured or tremied into the annulus as the 
temporary casing or augers are withdrawn. Finally, the protective casing can be installed as detailed 
in Section 52.4. 

In stable formations where borehole collapse does not occur, the well can be installed as discussed 
above, and the use of a temporary casing is not needed. However, centralizers may have to be 
installed, one above, and one below the screen, to assure enough annular space for sand pack 
placement. A typical overburden monitoring well sheet is shown. 

5.3.2 Confinino Layer Monitorina Wells 

When drilling and installing a well in a confined aquifer, proper well installation techniques must be 
applied to avoid cross contamination between. Under most conditions, this can be accomplished by 
installing double-cased wells. This is accomplished by drilling a large diameter boring through the 
upper aquifer, 1 to 3 feet into the underlying confining layer, and setting and pressure grouting or 
tremie grouting the outer casing into the confining layer. The grout material must fill the space 
between the native material and the outer casing. A smaller diameter boring is then continued 
through the confining layer for installation of the monitoring well as detailed for overburden 
monitoring wells, with the exception of not using a temporary casing during installation. Sufficient 
time which will be determined by the rig geologist, must be allowed for setting of the grout prior to 
drilling through the confined layer. A typical confining layer monitoring well sheet is shown in 
Attachment C. 

5.3.3 Bedrock Monitorina Wells 

When installing bedrock monitoring wells, a large diameter boring is drilled through the overburden 
and approximately Sfeet into the bedrock. A casing (typically steel) is installed and either pressure 
grouted or tremie grouted in place. After the grout is cured, a smaller diameter boring is continued 
through the bedrock to the desired depth. If the boring does not collapse, the well can be left open, 
and a screen is not necessary. If the boring collapses, then a screen is required and can be installed as 

detailed for overburden monitoring wells. However, if a screen is to be used, then the casing which is 
installed through the overburden and into the bedrock does not require grouting and can be 
installed temporary until final well installation is completed. Typical well construction forms for 
bedrock monitoring wells are shown in Attachment C. 

led with either a sledge hammer, drop am or, or a mechanical vibrator. 
nd tightened 

to lift the hammer. Driv Y 

onto the riser pipe with pi wrenches. The drive point is 
to the desired depth. If a 0 drop hammer is used, then a 

points pically cannot be driven to 

Certain innovative sampling d 
screened samplers installed in a 
surface. Manufacturers of these t 
diameter borehole. This red 
a sampling system that min 
also perform well when the w 
pumps). Two manufacture 

proven advantageous. These devices are essentially 
th only one or two small-diameter tubes extending to the 

four samplers can be installed in a 3-inch 
decreases the volume of stagnant water, and provides 
mination from sampling equipment. These samplers 

ithin 25 feet from the surface (the typical range of suction 
mplers are Timco Manufacturing Company, Inc., of 
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Prairie du Sac, Wisconsin, a BARCAD Systems, Inc., o ncord, Massachusetts. Each offers various 
construction materials. 

Two additional types of multi1 
screened openings through a s 

Instruments Ltd. of Vancouver, Br 
to obtain samples and head meas 
ports at intervals as close as 5 feet, if d 

ave been developed. Both employ individual 
One of these systems (marketed by Westbay 

da) uses a screened port and a sampling probe 
permeability tests. this system allows sampling 

reholes from 3 to 4.8 inches in diameter. 

The other system, developed at the Uni 
field assembly of the individual samplin 
the samples to the surface. Where t 
are not required. The assembly is 
assemble these monitoring systems 

y of Waterloo at Waterloo, Ontario, Canada, requires 
and tubes that actuate a simple piston pump and force 

round water is less than 25 feet, the piston pumps 
obtained materials; however, the cost of labor to 

5.4 WELL DEVELOPM 

The purpose of well development is to stabilize and increase the permeability of the gravel pack, 
around the well screen, and to restore the permeability of the formation which miy have been 
reduced by drilling operations. Wells are typically developed until all fine material and drilling water 
is removed from the well. Sequential measurements of pll, conductivity end temperature taken 
during development may yiield information (stabilized values) that sufficient development is reached. 
The selection of the well development method (shall) be made by the rig geologist and is based on 
the drilling methods, well construction and installation details, and the characteristics of the 
formation that the well is screened in. The primary methods of well development are summarized 
below. A more detailed discussion may be found in Driscoll(l986). 

Overpumpina and Backwashinq - Wells 
down at a high rate (by pumping or baili 

. that water is passing from the well int 
through the well screen and gravel pack 
adjacent to the well, while preventing b 
accomplished by several methods including pour 
stopping a pump intermittently to change wa 
through a water-tight fitting (“rawhiding”). 
too much pressure, which could damage or d 

by alternatively drawing the water level 
rsing the flow direction (backwashing) so 
This back and forth movement of water 

fines from the formation immediately 
Brckwashing can be 

en bailing, starting and 
forcing water into the well under pressure 
be taken when backwashing not to apply 

Suraina with a Surae Plunaer - A surge plung 
diameter as the well casing and is used to a 

screens. This mowmcnt of water rpulls fine 
any of several methods, and prevents bridgi 
basic types of surg.e plungers; solid and valved sur 
surge plunger may be preferred, as solid plungers 
than it will flow back in. Valved plungers are de 
water during surging. 

ge block) is approximately the same 
ausing it to move in and out of the 

well, where they may be removed by 
es in the gravel pack. There are two 

n. In formations with low yields, a valved 
ter out of the well at a greater rate 
e a greater inflow than outflow of 

ComPressed Air - Compressed air can be use 
backwashing or surging. Backwashing is done 
increasing air pressure inside a sealed well, then 
flow back into the well. Care should be taken w 
not drop below the top of ,the screen, thus reducin 
consists of alternately releasing large volumes.of a 

a well by either of two methods: 
ater out through the screens, using 
pressurized air to allow the water to 

IS method so that the water level does 
Id. Surging, or the “open well” fYWthOd, 
into an open well below the water level 
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to produce a strong surge by virtue oft 
well is subsequently done with the air lift 

er head, friction, and inertia. Pumping the 

Hioh Velocitv Jettinq - In the high velocity j 
plunger-type device and through the well s 
surrounding formation. The jetting tool is sl 
the well screen to develop the entire screene 
also be effective. The fines washed into the 
from the well. 

thod, water is forced at high velocities from a 
loosen fine particles from the sand pack and 

and raised and lowered along the length of 
‘ng using a hose lowered into the well may 

his process can then be bailed or pumped 
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7.0 RECORDS 

A critical part of monitoring well installation is recording of significant details and events in the field 
notebook. The Geologist must record the exact depths of significant hydrogeological features screen 
placement, gravel pack placement, and bentonite placement. 

A Monitoring Well Sheet (Attachment C) shall be used which allows the uniform recording of data for 
each installation and rapid identification of missing information. Well depth, length, materials of 
construction, length and openings of screen, length and type of riser, and depth and type of all 
backfill materials shall be recorded. Additional information (shall) include location, installation date, 
problems encountered, water levels before and after well installation, cross-reference to the geologic 
boring log, and methods used during the installation and development process. The documentation 
is very important to prevent problems involving questionable sample validity. Somewhat different 
information will need to be recorded.depending on whether the well is completed in overburden, in 
a confined layer, in bedrock with a cased well, or as an open hole in bedrock. 

The quantities of sand, bentonite, and grout placed in the well are also important. The Geologist 
shall calculate the annular space volume and have a general idea of the quantity of material needed 
to fill the annular space. Volumes of backfill significantly higher than the calculated volume may 
indicate a problem such as a large cavity, while a smaller backfill volume may indicate a cave-in. Any 
problems with rig operation or down time shall be recorded and may determine the driller’s final fee. 
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GABLE 7.4 RELA~VE COMPA~BILITV 0F RIGID WELL-CASING MA~RIAL (PERCENT) 

Galvamzed Lo-carbon Stainless 
PVC 1 Carbon Steel 

Stamlesr 

Steel Steel sted304 steel 316 
Teflon* 

I A 
Buffered we811 Acld too 56 51 59 97 100 100 

. 
We8r Aad 98 59 43 47 96 100 100 

Miner AcWtlgh Solids 100 48 5; 60 : 80 82 100 
I 

AqucouuOrpAnic Minturn, 64 69 73 73 98 100 100 
I 1 
Percmt Ovemll Rrtina 91 58 56 59 93 96 100 

Preliminarv Rankinaof Riald MaterlaIr 
Teflon* 

Starnless Steel 3 16 

Stainless Steel 304 
PVC 1 
Lo-Carbon Steel 
Galvanoed Steel 

Carbon Steel 
Trademark of DuPont 
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RELATIVE COMPATIBILITY OF SEMI-RIGID OR ELASTOMERJC MATERIALS (PERCENT) 

PVC 
PP 

PE PE 
PMM 

Flexible Conv. 
Vito+* Silicone 

Linear 
Neoprene Teflon** 

I 
Uuttcred We8k Add 97 97 100 97 90 92 67 85 100 

We8k Ad 92 90 94 96 78 78 7s 75 100 

M~neml AcldWgh S&d, 100 100 100 100 95 100 78 82 100 
I 

AqueOWOrpH1IC MhturCl 62 71 40 60 49 70 49 44 100 
r 

Percent over8ll Rwlnq 88 90 84 88 78 87 72 72 100 

1 
2 

3 
4 

5 
6 
7 

Source: 

Preliminary Renkina of Semi-Riaid or Elastomeric Materialf 

Tef Ion* 

Polypropylene (PPI 
PVC flexlble/PE lineal 
Mon. 
PE Conventional 
PlextglaJLuclte (PMM) 
Silicone/Neoprene 
Barcelona et al., 1983 

. 



Characteristic 

Strength 

Stainless Steel 

Use in deep wells to prevent 
compression and closing of 
screen/riser. 

PVC 

Use when shear and compressive 
strength not critical. 

Weight 

cost 

Corrosivity 

Relatively heavier *.. 

Relatively expensive 

Deteriorates more rapidly in 
corrosive water 

Lightweight, floats in water 

Relatively inexpensive 

Non-corrosive-may deteriorate in 
presence of ketones, aromatics, alkyl 
sulfides, or some chlorinated HC 

Ease of Use Difficult to adjust size or length in Easy to handle and work in the field. 
the field. 

Preparation for Use Should be steam-cleaned for 
organics sampling 

Never use glue fittings-piper should be 
threaded or pressure-fitted. Should be 
steam cleaned if used for monitoring 
wel Is. 

Interaction with May sorb organic or inorganic 
Contaminants* substances when oxidized 

May sorb or release organic substances. 
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All’ACHMENT B 

COMPARISON OF STAINLESS STEEL AND PVC FOR MONITORING WELL CONSTRUCTlON 

* See also Attachment A. 
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ATTACHMENT C 

- 
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0 A Ccallrbtmn Company 

3;?1!.; ‘,2 

OVERBURDEN 
MONltORlNC WELL SHEET 

PROJECT 
PROJECT NO. 
ELEVATION 
FIELD GEOLOGIST 

LOCATION 
BORING 
DATE 

DRILLER 
ORILLIYG 
MEW00 
DEVELOPMENT 
METt*OD 

i 

‘LEVATION OF TOP OF SURFACE CASING : 
*- ELEVATION 0) TOP OF RISER P’PE: 

7 !I- STICK - UP TOP OF SURFACE CASING: / 
STICK - UP RISER PIPE : 

TYPE OF SURFACE SEAL: 

I.D. OF SURFACE CASING: 
TYP# OF SURfACE CASING’ 

RISER PIPE I.D. 
TYPE Of RISER PIPE: 

BORWOLE DIAMETER: 

TYPE Of 8ACKFILL: 

EUVATIONI DEPTH TOP OF SEAL: 

rYPE OF SEAL: 

DEPTH TOP Of SAND PACK: 

ELEVATlON I DEPTH TOP OF SCREEN: 

TYPE OF SCREEN: 

SLOT SIZE I LENGTH: 

I.D. OF SCREEN: 

- TYPE OF SAND PACK: 

ELEVATION I OEPTH IOno(u OF SCREEN: 

ELEVATlC)N I DEPTH BORW OC SAN0 PACK: 
TYPE OF dACKfU. BELOW OIURVATION 
WCLL: 

ELEVATION I DEPTH OF WOLE: 
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ATtACHMEN C 
PAGE TWO 

SORING NO : 

CONFINING LAYER 
MONlTORlNG WELL SHEET I I 

ROJECT 
ROlECl NO. 
LEVATION 
IELD GEOLOGIST 

LOCATION 
BORING 
DATE .- 

DRILLER 
DRILLING 
METHOD 
OEVELOPMENT 
METHOD 

GROUND 

ELEVATION OF TOP OF *ERM. CASING : 
ELEVATION OF TOP OF RISER PIPE: 

L TYPE OF SURFACE SEAL: 

OFPERM CAS C 
%E OF SURiACE’kNG: 

RISER P!PE I.D. 
TYPE OF RISER PIPE: 

BOREHOLE DIAMETER: 

PERM. CASING I.0 
TYPE OF CASING &BACKFILL: 

ELEVATION I DEPTH TOP CONFINING LAYER: 
ELEVATION I DEPTCi BOTTOM Of CASING: 
8LEVATION I D@PTH ROT. CONFINING ‘AYER: 

ELEVATlON I DEPTH TOP OF SEAL: 
r--?- TYPE OFSEAL: 

DEPTH TOP OF SAND PACK: 

ELEVATiONiDEPTH TOP OF SCREEN: 
TYPE OF SCREEN: 

tp-+ TYPE OF SAND PACK: 

BOREHOLE DIA. BELOW CASING: 

, ELEVATION I DEPTH BOnOM OF SCREEN: 

, ELEVATION I DEPTH BOnOM OF SAN0 PACK, 
WPE OF BACKFILL BELOW OBSERVATION 
WELL: 

- ELEVATION I DEPTH OF HOLE: 
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ATTACHMENT C 
PAGE THREE 

Q AI=4hbMm( 

BORING NO 
BEDROCK 

;ompuy 
MONITORING WELL SHEET 

OPEN HOLE WELL 

’ 
PROJECT 
PROJECT NO. 
ELEVATION 
FIELD GEOLOGIST 

1 GROUND 
ELEVATION /: 

‘0 4 
=111= 

= 
I 
: - 

= 
il 
: I 

- ELLVATION OF TOP OF CASING: 

- STKK UP OF CASING ABOVE GROUND 
SURFACE: 

. TYPE OF SURFACE SEAL; 

I.0 OFCASING: 
’ P/DE OF CASING: 

TEMP /PERhA.: 

’ DlAMETEi Of HOLE: 

- TYPE OF CAStNG SEAL: 

- DEPTH TO TOP Of ROCK: 

- DEPTH TO BOSOM CASING: 

- DIAMETEROF HOLE IN BEDROCK: 

OEXRIOE IF CORE/ REAMED WITH 811: 

DESCRllE JOINTS IN EEDROCK AND DEPTH. 

ELEVATION I DEPTH OF HOLE 
I 



A7TACHMENf C 
PAGE FOUR 

8ORlNG NO.: 

BEDROCK 
MONITORING WELL SHEET 

WELL INSTALLED IN BEDROCK 

DEVELOPMENT 

I 
ELEVATION Of TOP Of SURFACE CASING 

ld=E 
ELEVATION OF TOP Of RISER PIPE: 
ELEVATION TOP Of PIIRM. CASING: 
TYPE Of SURFACE SEAL: 

I.D. OF SURFACE CASING: 
TYPE Of SURFACE CASING: 

Sdblea Number Page 

GH-1.7 160f 17 ! 
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POINT INSTALLATION 1 0 5/04/90 

, . 

RISER PIPE I.D. 

I TYPE OF RISER PIPE: 

BOREHOLE DIAMETER: 

PERM CASING I.D. 
TYPE OF CASING & BACKFILL: 

ELEVATION I DEPTH TO IEDROCK: 
ELEVATION/DEPTH BOTTOM Of CASING: 

BOREHOLE DIA. BELOW CASiNG: 
TYPE Of BACKFILL: 

ELEVATION I DEPTH TOPOF SEAL: 
TYPE OF SEAL: 

ELEVATION I DEPTH TOP Of SAND PACK: 

ELEVATION/DEPTH TOP Of SCREEN: 
TYPE OF SCREEN: 

TYPE Of SAND PACK: 

ELEVATION I DEPTH BOnOM OF SCREEN: 

ELEVATION /DEPTH BOlTOM Of SAND PACK. 
TYPE OF BACKFILL UELOW OBSERVATION 
WELL; 

ELEVATION I DEPTH OF HOLE: 
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23 
BEDROCK 

0 
MONITORING WELL SHEET 

AWburtonComoyr WELL INSTALLED IN ILDROCK 
I 
! PROJECT 

i 
PROJECT NO 
ELEVATION 

j FIELD GEOLOGIST 

LOCATION 
DRILLER I 

BORING ,_ 
DRILL’NC 

DATE 
MEWOD , 

3EVElOPMENT I 
, MET’400 

I 

ELEVATION OF TOP OF SURFACE CASiNG. 

STICK UP OF CASING ABOVE GROUND 
SURFACE. 

fj @@-j- DIAMEfLI1 OF MOLE: 
RISER PIPE I 0 
Ft’W OF RISER PfPE: 

TYPE OF BACKFILL. 

ELEVAT:ON I DEW4 TOP OF SEAL: 

ELEVATION I DEPTH TOP OF IIIIDIOCK. 

- TYPE OF SEAL. I 

- ELEVATION I OEPTH TOP OF SAND: 
, 

- ELEVATION I DEPTH TOP OF SCRCEN: 

TYPE OF SCREEN: 

SLOT WE I LENGTH: 

I 0 SCREEN: 

- WPE OF SAND PACK: 

- OlAMETER OF HOLE IN BEDROCK: 

CORE I REAM: 

- ELEVATION i DEPTH OOTTOM SCREEN: I 

ELEVATION I OEPTH EOTTOM OF HOLE: 
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DECONTAMINATION 

Number Page 

HS-02 2 of 29 , 
Revwon 

3 
.Effecwe Date 

05/04/90 
,,.,.,.. 

1.0 PURPOSE 

To establish general decontamination procedures and guidelines for developing site and activity 
specific decontamination procedures. 

2.0 SCOPE 

Applies to all EMG activities where exposu: hazardous materials may occur. 

3.0 GLOSSARY 
I_ 

None. 

4.0 RESPONSlBllJllES 

Office Health and Safetv Officer (OHSS) - The OHSS shall ensure that the site Health and Safety Officer 
(HSO) develops adequate decontamination procedures to prevent contamination of individuals or 
the environment beyond the exclusion zone. 

Site Manaaer (SM) - The SM will ensure that sufficient information has been provided to the OHSS to 
prepare adequate decontamination procedures for inclusion in the site-specific Health and Safety 
Plan (HASP) . 

5.0 PROCEDURES 

5.1 lNTRODUCllON 

Personnel responding to hazardous-substance incidents may become contaminated during the course 
of their work on a site. Protective clothing and respirators help prevent the wearer from becoming 
contaminated or inhaling contaminants, while good work practices help to reduce the contamination 
of protective clothing, instruments, and equipment. 

Even with these safeguards, contamination may occur. Harmful materials can be transferred into 
clean areas, exposing unprotected personnel. In removing contaminated clothing, personnel may 
come in direct contact with and/or inhale the contaminants. To prevent such occurrences, 
contamination reduction and decontamination procedures must be developed and implemented. 
Such procedures must be in place before anyone enters a hazardous area and they must continue 
(modified as necessary) throughout the period of operation. 

Decontamination involves physically removing contaminants and/or converting them chemically into 
innocuous substances. Hovv extensive decontamination must be depends on a number of factors, the 
most important being the types of contaminants involved. The more harmful the contaminant, the 
more extensive and thorough decontamination must be. Combining decontamination, the correct 
donning of protective clothing, and the zoning of the site work areas minimizes cross-contamination 
from protective clothing to wearer, equipment to personnel, and one area to another. Only general 
guidance can be given on methods and techniques for decontamination. The exact procedure is 
determined by evaluating a number of factors specific to the incident. 

The Health and Safety Officer (HSO) must exercise professional judgment in determining how the 
Contamination Reduction Corridor (CRC) will be organized and what decontaminants will be used. 
Factors that must be considered include: (1) the extent and type of hazard expected, (2)explosive 

r 
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5.2.2 Cantaminbtian Avoidance 

Contamination avoidance is the first and best method far preventing the transfer of c&tamination 
to personnel, or to uncontaminated areas. While planning site operations, methods are to be 
develaped to prevent the contamination of persannel and equipment. Each person involved in site 
operations must regularly practice the basic methods, listed below, of contamination avoidance. 

potential, (3) meteorological conditions, (4) topography, (5) levels of protection selected, and 
(6) availability of equipment and supplies. 

5.2 PRELIMINARY CONCERNS 

5.2.1 initial Plrnninq 

The initial decontamination plan is based an the assumption that all persannel and equipment 
leaving the Exclusive tone (area of potential contamination) are grossly contaminated. The plan 
includes a system for washing; rinsing; removal; and, when applicable; disposal of the protective 
clothing and equipment utilized. The washing and rinsing are done in combination with.a sequential 
removal of equipment and clothing, starting at thefirst station with the mast heavily contaminated 
article and progressing to the last station with the least contaminated article. Each piece of clothing 
or operation requires a separate decontamination station. These individual stations are to be spaced 
at about 3-foot intervals. 

Know the limitations of all protective equipment being used. 

Do not enter a contaminated area unless it is necessary to carry out a specific objective. 

When in a contaminated area, avoid touching anything unnecessarily. 

Walk around pools of liquids, discolored areas, or any area that shows evidence of possible 
contamination. 

Walk upwind of contamination, if possible. 

Da not sit or’lean against anything in a contaminated area. In cases where you have to 
kneel (e.g., to take samples) use a plastic ground sheet. 

Before sampling any hazardous waste, read the label and manifest (if available) for all 
containers to determine as best you can the identity of the substance to be sampled and 

the potential contamination hazard. Be cautious - the label may not accurately reflect 
contents. 

While checking far waste contents, the field persannel should also check for potential 
incompatibility of wastes. These conditions might be caused by heat, fire, gas, and 
explosion; the contact of water and alkali metals; violent polymerization; or solubiliration 
of toxic substances. Check waste containers far evidence of these conditions such as 

bulged drums, blistered paint, exploded drums, bubbles, dead ve$etation, and melted or 
corroded surfaces. 
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l If at all possible, Uo not set sampling equipment directly on contaminated areas. Place 
equipment on a protective cover such as a ground cloth. 

l Use the proper tools necessary to safely conduct the study. 

In addition, it is necessary to plan for use of very specific methods to help reduce the potential far 
contamination transfer. For example, using remote sampling techniques, opening containers by 
nonmanual means, bagging monitoring instruments, using drum grapplers, watering down dusty 
areas, and avoiding areas of obvious contamination. All reduce the passibility of contamination and 
preclude a more elaborate decontamination procedure. 

5.2.3 Site Orarnitation 

An area within the Attachment A) is designated the 
Contamination Reduction ass into and out of the Exclusive Zone 
and confines personnel de tion activities to a area. The size of the corridor depends 
on the wind direction (up nd), number of st n the decontamination procedure, the 
overall dimension of work cant f space available at the site. A corridor of. 
75 feet by 15 feet should be adequ ve decontamination. Whenever possible, it 
should be a straight path. 

The CRC boundaries must be conspicuou with entry and exit restricted. The far end is the 
hotline - the boundary between the Zone and the Contamination Reduction Zone. 
Personnel exiting the Exclusion Zone mu the CRC. Anyone in the CRC must be wearing 
the appropriate protection designated tamination crew. Another corridor may be 
required far the entrance and exit of hea ent needing decontamination. Within the CRC, 
distinct areas are set aside for the nonnel, portable field equipment, removed 
clothing, etc. These areas must be to those personnel wearing the appropriate 

protection. All activities within t fined to decontamination. The level of 
decontamination must be speilled the Site Health a 

Protective clothing, respir nitoring equipment, 
all maintained outside of Personnel dress into 
CRC and enter the Exclusio rough a separate acces 

5.3 DECONTAMINA’DON GUIDANCE 

lies, and other equipment are 
ve equipment away from the 
tat the hotline. 

The protection selected far a site study and the specific pieces of clothing warn in the Exclusive Zone 
dictate the items required and layout to the decontamination line. Different degrees of protection 
present different situations with respect to the type of decontamination procedure required. 
Attachments B-l, B-2, and B-3 outline the decontamination line organization for standard levels of 
protection; A, B, and C respectively. 

The reasan far leaving the Exclusion Zone determines the need far and extent of decontamination. 
Also, the time required far personnel decontamination must be ascertained and incorporated in the 
scheduling of site activities. A worker leaving the Exclusion Zone to pick up or drop off tools or 
instruments and immediately returning may not require full decontamination. A worker leaving to 
get a new air cylinder or change a respirator or canisters, however, would require some degree of 
decontamination. Personnel wearing self-contained breathing apparatuses must leave their work 
areas with sufficient air to walk to the CRC and go through decontamination. Individuals departing 
the CRC at breaktime, lunchtime, or the end of the day must be thoroughly decontaminated. 

0334901 
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DECONTAMINATION 

The type of decontamination equipment, materials, and supplies are generally selected on the basis 
of availability. The ease of equipment decontamination and disposability is also considered. Most 
equipment and supplies can be easily procured. Soft-bristle scrub brushes or long-handled brushes 
are used to remove contaminants. Buckets of water or garden sprayers are used far rinsing. Large 
.galvanized wash tubs, stack tanks, or children’s wading pools can alsa be used as containers for wash 
and rinse solutions. Large plastic garbage cans or similar containers lined with plastic bags are useful 
for the storage of contaminated clothing and equipment, and metal or plastic cans or drums are 
convenient for the temporary storage of contaminated liquids. Other gear includes paper or cloth 
towels far drying protective clothing and equipment. Heavy equipment such as bulldozers, trucks, 
backhaes, and drilling equipment are difficult to decontaminate. The methodology generally 
employed involves washing the equipment an a sloped concrete or plastic covered pad with a soapy 
water solution followed by a thorough water rinse.._The wash and rinse solutions are applied through 
the use of a high pressure spray unit. Particular attention should be given to tires, scoop, and other 
components which directly contact the contaminated areas. Wipe test shauld be employed to 
determine the effectiveness of the decontamination procedure. The wash water must also be 
collected for proper disposal unless expressly waived by the governing agency. 

Protective equipment, sampling tools, and other equipment are usually decontaminated by scrubbing 
with detergent water using a soft-bristle brush followed by rinsing with copious amounts of water. 
While this process may not be fully effective in removing same contaminants (in same cases, the 
contaminants may react with water), it is a relatively safe option compared to the use of a 
decontamination solution. The contaminant must be identified before a decontamination chemical is 
selected far use, as reactions of such a chemical with unidentified substances or mixtures may present 
additional hazard potentials. A decontamination solution must be selected in consultation with an 
experienced chemist. Some suggested decontaminating salutions are outlined in Attachment C. 

Once decontamination procedures have been establishes, all personnel requiring decontamination 
must be given precise instructions and practice moving through the decontamination line. Progress 
through the decontamination line must be deliberate, organized, and exceptionally thorough to 
minimize hazard potentials far persanal expasures and contamination transfer. 

Decontamination station detail far various protection levels are outlined in Attachment 0. 

5.4 CLOSURE OF CRC 

When the CRC is no longer needed, it must be closed dawn by the operators. All dispasable items 
used and generated during the operation must be double-baggad and either contained an the site or 
removed to an approved off-site dispasal facility. Decontamination and rinse solutions may be 
discarded an site if approved by regulatory agencies; Otherwise, they must be removed to an 
approved dispasal facility. Reusable rubber clothing should be dried and prepared far future use. If 
grass contamination had accurred, additional decontamination or dir-1 of these items may be 
required Cloth items must be bagged and removed from the site far final cleaning or dispasal. All 
wash tubs, pails, containers, etc., must be thoroughly washed, rinsed, and dried to removal from the 
site. 

6.0 REFERENCES 

None. 
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7.0 AllACHMENTS 

Attachment A - Contamination Reduction Zone Layout 
Attachment B-l - Decontamination Layout - Level A Protection . 
Attachment 8-2 - DecontaminationLaytout - Level B Protection 
Attachment B-3 - Decontamination Layout - Level C Protection 
Attachment D - Suggested Decontaminating Solutions 
Attachment D - Decontamination Station Detail (18 Sheets) 
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ATTACHMENT A 

CONTAMINATlON 
Rmucmo~ 

Contamination Aaduotlon Zone Layout 
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ATTACHMENT B-1 

DECONTAMINATION LAYOUT - LEVEL A PROTECTION 

-X X 

Outer Cbv8 !bmovrl 

EXCLUSION ZONE HOTLINE 

X X X X X 

Tape R8movrl Boot Cover &Glove Wash S8gr8B8ted 
Equipmwt 

Drop 

Iloot Cover R8movrl 

JuiVShty loot W8rh 

Boot Covw & 
Glov8 Rinu 

SuiVkfety Boot Rim 

10 F - Lnupsubtlng Suit rnd Hard H8t lkmovrl 

8’ 11 SC6 38ckp8ck R8movrl 

s8f8ty 6OOt R8fIIOV8l 

lnrmr Gbv8 W8Sh 

lnmr Gbv8 Rinu 

CONTAMlNAllON 
REDUCTION 

ZONE 

bmr Gbv8 R8movrl 

lnmr a0thing Romovrl 
CONTAMINATION CONTROL UNE 

1.1.1.w.1.-. .-,-.-.-.I.-.-.-,-.-.-.-.-.-.-.-.-.-.- 

Fi8ld W88h hdress SUPPORT ZONE 
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AlTACHMENT B-2 

DECONTAMINATION LAYOUT - LEVEL B PROTECTION 

EXCLUSION ZONE 
HOTLINE 

SuiVSCBNBoaVGbv8 Rins8 Boot Covw lGlov8 Wish 

%lit!s8f8ty Boot Wrsh 

Outw Gbw Romov8l 

Boot Cover I 
Glove Rinse 

SCBA Backpack R8movrl 

58fOty 6OOt hlWV8l 

lnmr G&w8 Wish 

CONTAMINATION 
REDUCTION 

ZONE 

lnmr Gbv8 Rins8 

F8~8 Pk8 R8mOV8l 

lnmr Glow Romovrl 

m.-.-.I.-.- 

Fbld W8sh 

lnnor Cbthing R8mOV8l 
CONTAMINATION CONTROL UNE .-.I,-.-,-.-.-.-.-.-.-.-.-.-.-.-.-.- 

SUPPORT ZONE 
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ATTACHMENT B-3 

DECONTAMINATION LAYOUT - LEVEL C PROTECnON 

EXCLUSION ZONE 
HOTLINE 

78p, ROmOv8l Boot Cover L&Glow W8sh 

C8nistor or 
M8Sk Ch8ng@ Outor Gbw Rwnovrl 

Boot Covor Ramw8l 

S8fw 6OOt ROllBW81 

IfIner Glove W8h 

lnnor Glow ltinw 

CONTAMlNATlON 
REDUCnON 

ZONE 

FIca P&c8 RIrnov8l 

lnwr Gbvo lkm0v8l 

Inmr Clothing Remov8l 
CONTAMINATION CONTROL LINE 

1.-.w.e*-.(1. .-.-.1.1.-.1.-.-.-.-.-.-.-.-.-.-.-.-.- 

Fldd W8Sh SUPPORT ZONE 
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Decon Solution Mixing Solutions Uses/Remarks 
I 
A. An aqueous solution follow the mixing Generally has the widest range of 

containing a low-sudring instructions written on the use. Best choice on sites where 
detergent. particular product Jpbel. contaminants are unknown or a 

wide range of contaminants exists. 
. 
B. An aqueous solution To ten gallons of water, add Decon solution of choice for base 

containing 5% sodium four pounds of sodium labile compounclr such as the 
carbonate (NA2CO3) carbonate. organophosphate pesticides. 
washing soda. Effective in neutralizing inorganic 

acids. Since sodium carbonate is a 
water softening agent, this 
characteristic is an aid in physical 
removal of contaminants. 

. 
, C. An aqueous solution To ten gallons of water, add Sodium bicarbonate can be used to 

containing 5% sodium four pounds of sodium neutralize either base or acid 
bicarbonate (NaHCO,) bicarbqnate. contaminants. Good decon for base 
baking soda. labile compounds. 

. 
D. An aqueous solution To ten gallons of water, add See uWremarks for Decon Solution 

containing 2% trisodium two pounds of trisodium B above. 

phosphate (NalPOs) TSP. phosphate. 
. 
E. An aqueous solution To ten gallons of water, add Cyanide salts.. 

containing 10% calcium eight pounds of calcium 
hypochlorite (CaCl20J hypochlorite. 
HTH. 

. 
F. Ethylenediaminetetra- Commercial product, follow EDTA is a chelating agent and is 

acetic acid (EDTA, product label. decon of choice for heavy metal 
versene, sesquesterene) contaminants. 

. 
G. An aqueous solution To ten gallons of water, add These compounds are chelating 

containing 3 to 5% citric, four pounds citric, tartaric or agents and are a decon of choice for 
tartlric, oxalic acids, of oxalic acid. heavy metal contaminants. 
their respective sodium 
salts. 

1 
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AITACHMENT D 

DECONTAMINATION STATION DETAIL 

3A.l Level A Decontamination 

Equipment Worn 

The full decontamination procedure outlined is for workers wearing Level A protection (with taped 
joints between gloves, boots, and suit). Such protection consist of 

1. Fully encapsulating suit with integral boots and gloves 
2. Self-contained breathing apparatus (SCBA) 
3. Hard hat (optional) 
4. Chemical-resistant boots with steel toe and shank 
5. Boot covers 
6. Inner and outer gloves 

Procedure for Full Decontamination 

Station 1: Seareggfird Eauipment Drop 

Deposit equipment used on the site (tools, sampling devices and containers, monitoring instruments, 
radios, clipboards, etc.) on plastic drop cloths or in different containers with plastic liners. Each drop 
area shall be designated for items suspected of being contaminated to different degrees. 
Segregation at the drop reduces the probability of cross-contamination. 

Equipment necessary is 

1. Containers of various sizes 
2. Plastic liners 
3. Plastic drop cloths 

Station 2: Boot Cover and Glove Wash 

Scrub outer boot covers and gloves with decon solution or detergent/water solution. 

Equipment necessary is 

1. Container (20 to 30 gal) 
2. Decon solution 
3. Detergent/water solution 
4. Two or three long-handled, soft-bristle scrub brushes 

0334901 
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Station 3: Boot Cover and Glove Rinse 

Rinse off decon solution. from Station 2 using copious amounts of water. Repeat as many times as 
necessary. 

Equipment necessary is 
% 

1. Container (30 to 50 gal) 
2. High-pressure spray unit 
3. Water 
4. Two or three long-handled, soft-bristle scrub brushes 

Station 4: Tape Removal 

Remove tape abound boots and gloves and deposit in container with plastic liner. 

Equipment necessary is 

1. Container (20 to 30 gal) 
2. Plastic liners 

Station 5: Boot Cover Removal 

Remove boot covers and deposit in container with plastic liner. 

Equipment necessary is 

1. Container (30 to 50 gal) 
2. Plastic liners 
3. Benchor stool 

Station 6: Outer -Glove Removal 

Remove outer glovesand deposit in container with plastic liner. 

Equipment necessary is 

1. Container (20 to 30 gal) 
2. Plastic liners 
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Station 7: SuiVSafetv Boot Wash 

Thoroughly wash fully encapsulating suit and boots. Scrub suit and boots with long-handled, 
soft-bristle scrub brush and copious amounts of decon solution or detergent/water solution. Repeat 
as many times as necessary. 

Equipment necessary is L 

1. Container (30 to 50 gal) 
2. Decon solution 
3. DetergenVwater solution 
4. Two or three long-handled, soft-bristle scrub brushes 

Station 8: SuiVSafetv Boot Ring 

Rinse off decon solution or detergent/water solution using copious amounts of water. Repeat as 
many times as necessary. 

Equipment necessary is 

1. Container (30 to 50 gal) 
2. High-pressure sprayunit 
3. Water 
4. Two or three long-handled, soft-bristle scrub brushes 

Section 9: Tank Chanae 

If worker leaves Exclusion Zone to change air tank, this is the last step in the decontamination 
procedure. Worker’s air tank is exchanged, new outer gloves and boot covers donned, and joints 
taped. Worker then returns to duty. 

Equipment necessary is 

1. Air tanks, 
2. Tape 
3. Boot covers 
4. Gloves 

. 
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Station 10: Fullv Encaosulatina Suit and Hard Hat Removal 

With assistance of helper, remove fully encapsulating suit and hard hat. Hang suits on rack or lay out 
on drop cloths. 

Equipment necessary is 

1. Rack 
2. Drop cloths 
3. Bench or stool 

Station 11: SCBA Backpack Removal 

While still wearing facepiece, remove backpack and place on table. Disconnect hose from regulator 
valve and proceed to next station. 

Equipment necessary is a table. 

Station 12: Safetv Boot Removal, 

Remove safety boots and deposit in container with plastic liner. 

Equipment necessary is 

1. Container (30 to 50 gal) 
2. Plastic liners 
3. Bench or stool 
4. Boot jack 

Station 13: Inner-Glove Wash 

Wash with decon solution or detergent!water solution that will not harm skin. Repeat as many times 
as necessary. 

Equipment necessary is 

1. Basin or bucket 
2. Decon solution 
3. Detergent/water solution 
4. Small table 
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Station 14: Inner-Glove Rinse 

Rinse with water. Repeat as many times as necessary. 

Equipment necessary is 

1. Water c 

2. Basin or bucket 
3. Small table 

c 

Station 15: Faceoiece Removal 

Remove facepiece. Deposit in container with plastic liner. Avoid touching face with fingers. 

Equipment necessary is 

1. Container (30 to 50 gal) 
2. Plastic liners 

Station 16: Inner-Glove Removal 

Remove inner gloves and deposit in container with plastic liner. 

Equipment necessary is 

1. Container (20 to 30 gal) 
2. Plastic liners 

Station 17: Inner-Clothina Removal 

Remove clothing soaked with perspiration. Place in container with plastic liner. Do not wear inner 
clothing off the site, since there is a possibility that small amounts of contaminants have been 
transferred in removing fully encapsulating suit. 

Equipment necessary is 

1. Container (30 to SO gal) 
2. Plastic liners 
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Station 18: Field Wash 

Shower if highly toxic, skin-corrosive, or skin-absorbable materials are known or suspected to be 
present. Wash hands and face if shoer is not available. 

Equipment necessary is 

1. Water 
2. Soap 
3. Smalltable 
4. Basin or bucket 
5. Field Showers 
6. Towels 

Station 19: Redress 

Put on clean clothes. A dressing trailer is needed in inclement weather. 

Equipment necessary is 

1. Tables 
2. Chairs 
3. Lockers 
4. Clothes 

Full Decontamination (Situation 1) and Three Modifications 

The preceding description outlines each station that is included in a complete worst-case 
decontamination protocol. It is obvious that different sites will present different hazard levels and 
thus that site-specific modifications of this protocol will be required. The following table illustrates 
the modifications that can be made in response to a variety of conditions. 

Number Page 
HS-02 17of29 

Revwon 
3 

Effectwe Ddte 05,04/go 

STATION NUMBER 

SIT+ I 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 

1 xxxxxxxx I x x x x x x x x x XI 

2 x x x x x x X’X x 

3 x x x x x x x x x x x 

4 x x x x 

*SIT- Situation Number 
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Situation i: The individual entering the Contamination Reduction Corridor (CRC) is observed ‘to be 
grossly contaminated, or extremely toxic substances are known or suspected to be present. 

Situation 2: Some as Situation 1 except that individual needs new air tank and will return to Exclusion 
Zone 

Situation 3: Individual entering the CRC is expected to be minimally contaminated. Extremely toxic 
or skin-corrosive materials are not present. No outer gloves or boot covers are worn. Inner gloves re 
not contaminated. 

Situation 4: Same as situation 3 except that individual needs new air tank and will return to Exclusion 
Zone. 

3A.2 Level B Dewntaminiltion 

Equipment Worn 

The full decontamination procedure outlined is for workers wearing Level 8 protection (with taped 
joints between gloves, boot, and suit). Such protection consists of 

1. One-piece, hooded, chemical-resistant splash suit 
2. Self-contained breathing apparatus 
3. Hard hat 
4. Chemical-resistant boots with steel toe and shank 
5. Boot covers 
6. Inner and outer gloves 

Procedure for Full Decontamination 

Station 1: Searwated Eduiament DrQg 

Deposit equipment used on the site (tools, sampling devices and containers, monitoring instruments, 
radios, clipboards, etc.) on plastic drop cloths or in different containers with plastic liners. Each will be 
contaminated to a different degree. Segregation at the drop reduces the probability of 
cross-contamination. 

Equipment necessary is 

1. Containers of various sizes 
2. Plastic liners 
3. Plastic drop cloths 

. 
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Station 2: Boot Cover and Glove Wash 

Scrub outer boot covers and gloves with decon solution or detergent/water solution. 

Equipment necessary is 

1. Container (20 to 30 gal) 
2. Decon solution 

. . . 

3. Detergent/water solution 
4. Two or three long-handled, soft-bristle scrub brushes 

Station 3: Boot Cover and Glove Rinse 

Rinse off decon solution from Station 2 using copious amounts of water. Repeat as many times as 
necessary . 

Equipment necessary is 

1. Container (30 to 50 gal) 
2. High-pressure spray unit 
3. Water 
4. Two or three long-handled, soft-bristle scrub brushes 

Station 4: Tape Removal 

Remove tape around boots and gloves and deposit in container with plastic liner. 

Equipment necessary is 

1. Container (20 to 30 gal) 
2. Plastic liners 

Station 5: SuitiSafetv Boot Wash 

Thoroughly wash chemical-resistant splash suit, SCBA, gloves, and safety boots. Scrub with long- 
handled, soft bristle scrub brush and copious amounts of decon solution or detergent/water solution. 

Equipment necessary is 

1. Container (30 to 50 gal) 
2. Decon solution 
3. Detergent/water solution 
4. Two or three long-handled, soft-bristle scrub brushes 
5. Small buckets 
6. Sponges or cloths 
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Station 6: .SuitiCBA/BootiGlove Rinse 

Rinse off decon solution or detergent/water solution using copious amounts of water. Repeat as 
many times as necessary. 

Equipment necessary is 
. . 

1. Container (30 to 50 gal) 
2. High-pressure spray unit 
3. Water 
4. Small buckets 
5. Two or three long-handled, soft-bristle scrub brushes 
6. Sponges or cloths 

Station 7: Tank Chanae 

If worker leaves Exclusion Zone to change air tank, this is the last step in the decontamination 
procedure. Worker’s air tank is exchanged, new outer glove and boot covers donned, and joints 
taped. Worker returns to duty. 

Equipment necessary is 

1. Air tanks 
2. Tape 
3. Boot covers 
4. Gloves 

Station 8: Outer-Glove Removal 

Remove outer gloves and deposit in container with plastic liner. 

Equipment necessary is 

1. Container (20 to 30 gal) 
2. Plastic liners 

Station 9: SCBA Backnack Removal 

While still wearing facepiece, remove backpack and place on table. Disconnect hose from regulator 
valve and proceed to next station. 

Equipment necessary is a table. 
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Station 10: .Splash Suit Removal 

With assistance of helper, remove splash suit. Deposit in container with plastic liner. 

Equipment necessary is 

1. Container (30 to 50 gal] 
2. Plastic liners 
3. Bench or stool 

Station 11: Boot Cover Removal 

Remove boot covers and deposit in container with plastic liner. 

Equipment necessary is 

1. Container (30 to SO gal) 
2. Plastic liners 
3. Bench or stool 

Station 12: Safetv Boot Removal 

Remove safety boots and deposit in container with plastic liner. 

Equipment necessary is 

1. Container (30 toB0~gal) 
2. Plastic liners 
3. Bench or stool 
4. Boot jack 

Station 13: Inner-Glove Wash 

Wash inner gloves with decon solution or detergent/water solution that will not harm skin. Repeat as 
many times as necessary. 

Equipment necessary is 

1. Decon solution 
2. Detergent/water solution 
3. Basin or bucket 
4. Small table 

Number Page 
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Station 14: Inner-Glove Rinse 

Rinse inner gloves with water. Repeat as many times as necessary. 

Equipment necessary is 

1. Water r, 
2. Basin or bucket 
3. Small table 

Station 15: Faceoiece Removal 

Remove facepiece. Avoid touching face with gloves. Deposit in container with plastic liner. 

Equipment necessary is 

1. Container (30 to SO gal) 
2. Plastic liners 

Station 16: Inner-Glove Removal 

Remove inner gloves and deposit in container with plastic liner. 

Equipment necessary is 

1. Container (20 to 30 gal) 
2. Plastic liners 

Station 17: Inner-Clothina Removal 

Remove clothing soaked with perspiration. Place in container with plastic liner. Do not wear inner 
clothing off the site since there is a possibility that small amounts of contaminants have been 
transferred in removing fully encapsulating suit. 

Equipment necessary is 

1. Container (30 to 50 gal) 
2. Plastic liners 

D334901 
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Station 18: Field Wash 

Shower if highly toxic, skin-corrosive, or skin-absorbable materials are known or suspected to be 
present. Wash hands and face if shower is not available. 

Equipment necessary is 

1. Water 
2. Soap 
3. Small tables 
4. Basins or buckets 
5. Field showers 

Station 19: Redress 

Put on clean clothes. A dressing trailer is needed in inclement weather. 

Equipment necessary is 

1. Tables 
2. Chairs 
3. Lockers 
4. Clothes 

Full Decontamination (Situation 1) and Three Modifications 

The preceding description outlines each station that is included in a complete worst-case 
decontamination protocol. It is obvious that different sites will present different hazard levels and 
thus that site-specific modifications of this protocol will be required. The following table illustrates 
the modifications that can be made in responseto a variety of conditions. 

SIT* 

STATION NUMBER 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 IS 16 17 18 19 

x x x x x x X’X x x x x x x x x x x 

x x x x x x x x x 

X x x x x x x x x x 

X x x x 

*SIT- Situation Number 
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Situation 1: The individual entering the CRC is observed to be grossly contaminated, or extremely 
toxic substances are known or suspected to be present. 

Situation 2: Some as Situation 1 except that individual needs new air tank and will return to Exclusion 
Zone 

Situation 3: Individual entering the CRC is expected to be minimally contaminated. Extremely toxic 
or skin-corrosive materials are not present. No outer gloves or boot covers are worn. Inner gloves are 
not contaminated. 

Situation 4: Same as situation 3 except that individual needs new air tank and will return to Exclusion 
Zone. 

3A.3 Level C Decontaminetion 

Equipment Worn 

The full decontamination procedure outlined is for workers wearing ILevel C protection (with taped 
joints between gloves, boot, and suit). Such protection consists of 

1. One-piece, hooded, chemical-resistant splash suit 
2. Canister-equipped full-face mask 
3. Hard hat 
4. Chemical-resistant boots with steel toe and shank 
5. Boot covers 
6. Inner and outer gloves 

Procedure for Full Deconteminetion 

Station 1: Seareaated Eauipment Drop 

Deposit equipment used on the site (tools, sampling devices and containers, monitoring instruments, 
radios, clipboards, etc.) on plastic drop cloths or in different containers with plastic liners. Each will be 
contaminated to a different degree. Segregation at the drop reduces the probability of 
cross-contamination. 

Equipment necessary is 

1. Containers of various sizes 
2. Plastic liners 
3. Plastic drop cloths 
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Station 2: Boot Cover and Glove Wash 

Scrub outer boot covers and gloves with decon solution or detergent/water solution. 

Equipment necessary is 

1. Container (20 to 30 gal) 
2. Decon solution 
3. DetergenVwater solution 
4. Two or three long-handled, soft-bristle scrub brushes 

Station 3: Boot Cover and Glove Rinse 

Rinse off decon solution from Station2 using copious amounts of water. Repeat as many times as 
necessary. 

Equipment necessary is 

1. Container (30 to 50 gal) 
2. High-pressure spray unit 
3. Water 
4. Two or three long-handled, soft-bristle scrub brushes 

Station 4: Taw Removal 

Remove tape around boots and gloves and deposit in container with plastic liner. 

Equipment necessary is 

1. Container (20 to 30 gal) 
2. Plastic liners 

Station 5: SuiVSafetv Boot Wash 

Thoroughly wash splash suit and safety boots. Scrub with long-handled, soft bristle scrub brush and 
copious amounts of decon solution or detergent/water solution. Repeat as many times es necessary. 

Equipment necessary is 

1. Container (30 to 50 gal) 
2. Decon solution 
3. Detergent/water solution 
4. Two or three long-handled, soft-bristle scrub brushes 

0334901 
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Station 6: SuiVXBAIBooVGIove Rinse 

Rinse off decon solution or detergent/water solution using copious amounts of water. Repeat as 
many times as necessary. 

Equipment necessary is 
Q 

1. Container (30 to 50 gal) 
2. High-pressure spray unit 
3. Water 
4. Two or three long-handled, soft-bristle scrub brushes 

Station 7: Canister or Mask Chanaq 

If worker leaves Exclusion Zone to change canister (or mask), this is the last step in the 
decontamination procedure. Worker’s canister is exchanged, new outer glove and boot covers 
donned, and joints taped. Worker returns to duty. 

Equipment necessary is 

1. Canister (or mask) 
2. Tape 
3. Boot covers 
4. Gloves 

station 8: Outer-Glove Removal . 

Remove outer glovesand deposit in container with plastic liner. 

Equipment necessary is 

1. Container (20 to 30 gal) 
2. Plastic liners 

Station 9: Solash Suit Removal 

With assistance of helper, remove splash suit. Deposit in container with plastic liner. 

Equipment ne !ssary is 

1. Container (30 to 50 gal) 
2. Bench or stool 
3. Plastic liner 

n7- '-ml 
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Station 10:. Boot Cover Removal 

Remove boot covers and deposit in container with plastic liner. 

Equipment necessary is 

1. Container (30 to 50 gal) 
2. Plastic liners 
3. Bench or stool 

Station 11: Safety Boot Removal 

Remove safety boots and deposit in container with plastic liner. 

Equipment necessary is 

1. Container (30 to 50 gal) 
2. Plastic liners 
3. Bench or stool 
4. Boot jack 

Station 12: Inner-Glove Wash 

Wash inner gloves with decon solution or detergent/water solution that will not harm skin. 
many times as necessary. 

Equipment necessary is 

1. Decon solution 
2. Detergent/water solution 
3. Basin or bucket 

Station 13: Inner-Glove Riny 

Rinse inner gloves with water. Repeat as many times as necessary. 

Equipment necessary is 

1. Water 
2. Basin or bucket 
3. Small table 

Repeat as 
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Station 14: .Facepiece Removal 

Remove facepiece. Avoid touching face with gloves. Deposit in container with plastic liner. 

Equipment necessary is 

1. Container (30 to 50 gal) -- 
2. Plastic liners 

Station 15: Inner-Glove Removal 

Remove inner gloves and deposit in container with plastic liner. 

Equipment necessary is 

1. Container (20 to 30 gal) 
2. Plastic liners 

Station 16: Inner-Clothina Removal 

Remove clothing soaked with perspiration. Place in container with plastic liner. Do not wear inner 
clothing off the site since there is a possibility that small amounts of contaminants have been 
transferred in removing fully encapsulating suit. 

Equipment necessary is 

1. Container (30 to 50 gal) 
2. Plastic liners 

Station 17: Field Wash 

Shower if highly toxic, skin-corrosive, or skin-absorbable materials are known or suspected to be 
present. Wash hands and face if shower is not available. 

Equipment necessary is 

1. Water 
2. Soap 
3. Tables 
4. Wash basins or buckets 
5. Field showers 

I 
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Station 18: Redress 

Put on clean clothes. A dressing trailer is needed in inclement weather. 

Equipment necessary is 

1. Tables 
2. Chairs 
3. Lockers 
4. Clothes 

Full Decontamination (Situation 1) and Three Modifications 

The preceding description outlines each station that is included in a complete worst-case 
decontamination protocol. It is obvious that different sites will present different hazard levels and 
thus that site-specific modifications of this protocol will be required. The following table illustrates 
the modifications that can be made in response to a variety of conditions. 

STATION NUMBER 
SIT’ i 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 

1 xxxxxxxx ‘xxxxxxxxxx 

2 xxxxxxxxx 

3 x x x x x x x x 

4 x x x x 

*SIT- Situation Number 

Situation 1: The individual entering the CRC is observed to be grossly contaminated, or extremely 
toxic substances are known or suspected to be present. 

Situation 2: Some as Situation 1 except that individual needs new air tank and will return to Exclusion 
Zone. 

Situation 3: Individual entering the CRC is expected to be minimally contaminated. Extremely toxic 
or skin-corrosive materials are not present. No outer gloves or boot covers are worn. Inner gloves are 
not contaminated. 

Situation 4: Same as situation 3 except that individual needs new air tank and will return to Exclusion 
Zone. 
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HNU PI-101 ORGANIC Rewon 
VAPOR METER 2 
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1.0 PURPOSE 

To establish procedures for the use, maintenance, and calibration o,f the HNU PI-101 Organic Vapor 
Meter. 

2.0 SCOPE 

Applies to each usage of the HNU PI-101 photoionization detector by INUUEMC personnel. 

3.0 GLOSSARY 
1. 

None. 

4.0 RESPONSlBlLlTlES 

Office Health and Safetv SuPervisor (OH%) - The OHSS shall insure that the user has been 
appropriately trained and certified in the usage of the HNU instrument. He/she shall also insure that 
the instrument is properly maintained and calibrated prior to its release for field service. 

Instrument User - The user should be personally secure that he/she has been adequately trained and 
understands the operation and limitations of the instrument. He/she is further responsible to insure 
that the appropriate probe(s) have been selected for compounds to be found on site and that the 
instrument has been calibrated and is working properly. 

5.0 PROCEDURES 

5.1 PRINCIPLE OF OPERATION 

The HNU System portable photoioniter detects the concentration of many organic gases as well as a 
few inorganic gases. The basis for detection is the ionization of gaseous species. The incoming gas 
molecules are subjected to ultraviolet (UV) radiation, which is energetic enough to ionize many 
gaseous compounds. The molecule is transformed into charged-ion pairs, creating a current between 
two electrodes. Each molecule has a characteristic ionization potential, which is the en’ergy required 
to remove an electron from the molecule, yielding a positively-charged ion and the free electron. The 
instrument measurbs this energy level. 

5.2 INSTRUMENT CONFlGlJRATlON 

Three probes, each containing a different UV light source, are available for use with the HNU. Probe 
energies are 9.5, 10.2, and 1 l.7eV. All three detect many aromatic and large-molecule hydrocarbons. 
The 10.2 and 11.7eV probes, in addition, detect some smaller organic molecules and some 
halogenated hydrocarbons. The 10.2eV probe is the most useful for environmental response work, 
since it is more durable than the 11 .feV probe and detects more compounds than the 95eV probe. 

5.3 CALIBRATION 

The primary HNU calibration gas is benzene (or isobutylene, a benzene equivalent). The span 
potentiometei knob is adjusted for benzene calibration. A knob setting of zero increases the 
sensitivity to benzene approximately ten-fold. The instrument’s response can be adjusted to give 
more accurate readings for specific gases and eliminate the necessity for calibration charts. Dally 
calibration is to be performed in accordance with Attachment C. 
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5.4 SPECIALIZED USES 

While the HNU is used primarily as a qualitative instrument, jt can also be used to detect certain 
contaminants or at least to narrow the range of possibilities. Noting instrument response to a 
contaminant source with different probes can eliminate some contaminants from consideration. For 
instance, d compound’s ionizing potential may be such that the 9.5eV probe produces no resmpmse, 
but the 10.2 and 11.7eV probes do elicit a response. Also, HNU does not detect methane or hydrogen 
cyanide. 

5.5 INSTRUMENT ADVANTAGES 

The HNU is easy to use in comparison to many other types of monitoring instrumentation. Its range 
detection limit is also in the low parts per million range. Response time is rapid; the meter needle 
reaches 90 percent of the indicated concentration in 3seconds for benzene. HNU can be zeroed in a 

contaminated atmosphere. 

5.6 CAUTIONS 

The instrument can monitor only certain vapors and gases in air. Nonvolatile liquids, toxic solids, 
particulates, and many other toxic gases and vapors cannot be detected. Because the types of 
compounds that the HNU can detect is only a fraction of the chemicals possibly present at a field site, 
a zero reading does not necessarily signify the absence of air contaminants. 

The instrument is nonspecific, and its response to different compounds is reiative to the calibration 
setting. Instrument readings may be higher or lower then the true concentration. These 
discrepancies can be especially serious problems when monitoring for total contaminant 
concentrations, if several different compounds are being detected at onc:e. In addition, the response 
of this instrument is not linear over the entire detection range. Care must, therefore, be taken when 
interpreting the data. All identifications should be reported as tentative until they can be confirmed 
by more precise analysis. Concentrations should be reported in terms of the calibration gas and span 
potentiometer of the gas-select-knob setting. 

The instrument cannot be used as an indicator for combustible gases or oxygen deficiency. 

6.0 REFERENCE5 

HNU Svstems. Inc. Instruction Manual for Model PI 101 Photoioniration Analvzer, 1975. 

E 6 E FIT Owration and Field Manual: HNU Svstems PI 101 Photoionit’ation Detector and Centurv 
S&e& (Foxboro) Model OVA-l 28 Oruanic Vaoor Anal=. 

Personal Communication with Fran Connel, HNU Systems, Inc., January 4, 1984. 
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7.0 ATTACHMENTS 

Attachment A - Start-up and Shutdown Procedures 
Attachment B - Maintenance and Calibration Schedule 
Attachment C - Calibration Procedure 
Attachmeet D - Cleaning the UV Light Source Window 
Attachment E - Cleaning the Ionization Chamber 
Attachment F - Troubleshooting 
Attachment G - Daily Calibration 

, . 
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AlTACHMENT A 

STARTdJP AND SHUTDOWN PROCEDURES 

Start-uq 

1. Attach the probe to the readout unit. Match the alignment key, then twist the 
connector clockwise until a distinct locking is felt. 

2. Turn the FUNCTI~ON switch to the battery check position. Check to ensure that the 
indicator reads within or beyond the green battery arc on the scale plate. If the 
indicator is below the green arc, or if the red LED comes on, the battery must be 
charged prior to using. 

3. To zero the instrument, turn the FUNCTION switch to the STANDBY position and 
rotate the ZERO POTENTIOMETER until the meter reads zero. Wait IS-20 seconds to 
ensure that the zero adjustment is stable. If not, then readjust. 

4. Check to see that the SPAN POTENTIOMETER is set at the appropriate setting for the 
probe being used. Follow procedures in Attachment C in the performiance of daily 
calibrations. 

5. Set the FUNCTION switch to the desired ppm range. 

6. Listen for the fan operation to verify fan function, 

7. Check instrument with an organic point source (such as a magic marker) prior to 
usage to verify instrument function. 

Shut Down 

1. Turn FUNCTION switch to OFF. 

2. Place the instrument on the charger. 

0334901 . 
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AlTACHMENT 6 

MAINTENANCE AND CALIBRATION SCHEDULE 

Function Freouency 

0 Routine Calibration Prior to each use* 

0 Factory Check-out and Calibration .-Yearly or when malfunctioning 

0 Wipe Down Read-Out Unit After each use 

0 Clean UV Light Source Window Every month or as use and site conditions dictate 

0 Clean the Ionization Chamber Monthly 

l Recharge Battery After each use 

l In accordance with the specifications identified in Attachment G. 1,,,.,,, 

0334901 
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ATTACHMENT C 

CALlRRAllON PROCEDURE 

Calibration Procedure 1 

1. Run through start-up procedures as per Attachment 1. 

2. Fill a sampling bag with HNU calibration gas of known contents. 

3. Allow sample bag contents to be drawn into the probe and check response in ppm. 

4. If the reading deviates +, 15 percent from the concentration of the calibration gas, the 
instrument requires maintenance. 

5. Each office must develop a mechanism for the documentation of calibration results. ‘This 
documentation includes: 

a. date inspected 

b. person who calibrated the instrument 

c. the instrument number (Serial number or Other ID number) 

d. the result of the calibration (ppm, probe ev, span pot setting) 

a. identification of the calibration gas (source, type, concentration) 

1. Run through start up procedures as per Attachment 1. 

2. Connect a sampling hose to the regulator outlet and the other end to the sampling probe of 
the HNU. 

3. Crack the regulator valve. 

4. lake reading after S-10 seconds. 

5. If the reading deviates i: 15 percent from the concentration of the calibration gas, the 
instrument requires maintenance. 

6. Calibration documentation should be as in No. 5 above. 
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AlTACH MENT 0 

CLEANING THE UV LIGHT SOURCE WINDOW 

Turn the FUNCTION switch to the OFF position and disconnect the sensor/probe from the 
Read Out/Control unit. 

Remove the exhaust screw located near the base of the probe. Grasp the end cap in one hand 
and the probe shell in the other. Separate the end cap and lamp housing from the shell. L 

Loosen the screws on the top of the end cap and separate the end cap and ion chamber from 
the lamp housing, taking care that the lamp does not fall out of this housing. 

Tilt the lamp housing with one hand over the opening, so that the lamp slides out of the 
housing into your hand. 

The lamp window may now be cleaned with any of the following compounds using lens 
paper: 

a. HNU Cleaning Compound-All lamps except the 11.7 eV 
b. Carbon tetrachloride-All lamps except the 11.7 eV 
c. Methanol-All lamps 

Following cleaning, reassemble by first sliding the lamp back into the lamp housing. Place the 
ion chamber on top of the housing, making sure the contacts are properly aligned. 

Place the end cap on top of the ion chamber and replace the two screws. Tighten the screws 
only enough to seal the O-ring. Do Not Overtrahten. 

Line up the pins on the base of the lamp housing with pins inside the probe shell and slide the 
housing assembly into the shell. It will only fit one way. 

0334901 
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1. Turn the FUNCTION switch to the OFF position and disconnect the sensor/probe from the 
Read Out/Control unit. 

2. 

3. 

Remove’the exhaust screw located near the base of the probe. Grasp the end cap in one hand 
and the probe shell in the other. Separate the end cap and lamp housing from the shell. 

._ 

Loosen the screws on the top of the end cap and separate the end cap and ion chamber from 
the lamp housing, taking care that the lamp does not fall out of this housing. 

4. The ion chamber may now be cleaned according to the following sequence: 

5. 

7. 

a. acetone rinse with agitation (10 min.), then dry (preferably with oven at 100°C). 

b. methanol rinse with agitation (10 min.), then dry (preferably with oven at 100°C). 

Place the ion chamber on top of the housing, making sure the contacts are properly aligned. 

Place the end cap on top of the ion chamber and replace the two screws. Tighten the screws 
only enough to seal the O-ring. go Not Overtiohten. 

8. Line up the pins on the base of the lamp housing with pins inside the probe shell and slide the 
housing assembly into the shell. It will only fit one way. 

A’ITACHMENT E 

CLEANING THE IONIZAllON CHAMBER 

0334901 * 



ATTACHMENT F 

TROU8LESHOOTlNG 

To be performed by qualified technician only. 

1. No meter response in any switch position (including BATT CHK). 

A. Broken meter movement. 

(1) Tip instrument rapidly from side to side. Meter needle should move freely and return 
to zero. 

8. Electrical connection to meter is broken. 

(1) Check all wires leading to meter and clean the contacts of quick-disconnects. 

C. Battery is completely dead. 

\ I 
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2. 

(1) Disconnect battery and check voltage with a volt-ohm meter. 

0. If none of the above solves the problem, consult the factory. 

Meter responds in 8All CHK position, but reads zero or near zero for all others. 

A. Power supply defective. 

(1) Check power supply voltages per Figure 11 of the HNU owner’s manual. If any voltage 
is out of specification, consult the factory. 

B. Input transistor or amplifier has failed. 

(1) Rotate zero control; meter should deflect up/down, as control is turned. 

(2) Open probe. 80th transistors should be fully seated in sockets. 

C. Input signal connection broken in probe or readout. 

(1) Check input connector on printed circuit board. The input connector should be firmly 
pressed down. 

(2) Check components on back side of printed circuit board. All connections should be 
solid and no wires should touch any other object. 

(3) Check all wires in readout for solid connections. 

0334901 
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ATTACHMENT G 

DAILY CALl8RAllON OF HNU PI-101 

HNU PI-101 organic vapor meters are to be field calibrated at the beginning of each work day, piior 
to actual on site usage. 

In order to accomplish this, HNUs assigned to jobs shall be accompanied with a calibration gas 
cylinder, an appropriate fitting, and a flexible connecting hose. The procedure for performing field 
calibration is as follows: c 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

Connect the probe to the instrument and turn it on. 

Attach the eight-inch extension to the probe. 

Set the Span Potentiometer to the setting specified on the calibration cylinder. 

Connect the cylinder fitting to the cylinder. ~ 

Connect the cylinder and the instrument together with the flexible tubing. 

Open the cylinder valve and wait 15 seconds. 

Instrument reading should coincide with the designed reading stated on the calibration 
cylinder label. 

If item number 7 does not coincide, adjust the Span Potentiometer until the desired reading is 

achieved. Any such adjustments must be within the following limits: 

Probe Initial Span Pot. Setting 
Maximum Acceptable Span 

Pot. Adjustment 
I 

9.5 eV 5.0 1.0 
I I 

10.2 eV 9.8 8.5 
I 

11.7eV 5.0 2.0 
. 

If these limits are exceeded, the sensitivity and accuracy of the instrument is hindered. At these 
points, the instruments are to be returned to the NUS Equipment Manager for inspection, necessary 
cleaning and maintenance, and recalibration. 

The manufacturer also recommends that the lamp inside of the probe be checked twice per week 
(16 hours of use) and cleaned at least weekly. This involves removing any noticeable obstructions or 
contamination from the lamp by wiping it off with a clean, soft cloth being careful not to scratch the 
circular window. 

. 
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ATTACHMENT G 
DAILY CALlBRATlON OF HNU PI-101 
PAGE TWO 

In using this instrument to protect NUS employees and subcontractors, it is imperative that it is 
accurately responding to airborne substances present at the work site. By implementing these 
procedures, this end will be better achieved. 

Additionally, all calibration activities must be documented in fidd log books, instrument calibration 
log sheets, or equivalent. This information must include the date inspected, the person calibrating 
the instrument, the instrument serial or identification number, the probe lamp eV (9.5, 10.2, or 11.7), 
identification of calibration gas (gas source stated on the cylinder label), the initial and final Span 
Potentiometer settings, and the instrument resultant reading. This information must be submitted to 
the Site Safety officer at the completion of the job. 
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1.0 OBJECTIVE 

To establish procedures for the use, maintenance, and calibration of the OVA 128 Vapor Analyzer. 

2.0 SCOPE 

Applies to each usage of the OVA instrument in implementation of the NUSIEMG Program. 

3.0 GLOSSARY 

None. 
*_ 

4.0 RESPONSlBlUTlES 

Office Health and Safety Suoervisor (OHSQ - The OHSS shall insure that the user has been 
appropriately trained and certified in the usage of the OVA. He shall also insure that the instrument 
is properly maintained and calibrated prior to its release for field service. 

instrument User - The user should be personally secure that he or she has bwn adequately trained, 
understands the operation of the OVA, and limitations of the instrument. He or she should also be 
sure that the instrument has been calibrated and is working properly. 

5.0 PROCEDURES 

5.1 PRINCIPLE OF OPERATION 

The OVA operates in two different modes. In the survey mode, it can determine the approximate 
concentration of all detectable species in air. With the gas chromatograph option, individual 
components can be detected and measured independently, with some detection limits as low as a few 
parts per billion. 

5.2 GAS CHROMATOGRAPH FUNCTION 

In the Gas Chromatograph (CC) mode, a small sample of ambient air is injected into a 
chromatographic column and carried through the column by a stream of hydrogen gas. 
Contaminants with different chemical structures are retained on the column for different lengths of 
time (known as retention times) and, hence, are detected separately by the flame ionization detector. 
A strip chart recorder can be used to record the retention times, which are then compared to the 
retention times of a standard with known chemical constituents. The sample can be injected into the 
column either from the air-sampling hose or directly from a gas-tight syringe. 

5.3 CALlsRATION 

The OVA is internally calibrated to methane by the manufacturer. When measuring methane,. it 
indicates the true concentration. In response to all other detectable compounds, however, the 
instrument reading may be higher or lower than the true concentration. Relative response ratios for 
substances other than methane are available. To interpret the readout correctly, it is necessary either 
to make calibration charts relating the instrument readings to the true concentrations or to adjust the 
instrument, so that it reads correctly. This second procedure is done by turning the lo-turn, gas-select 
knob, which adjusts the response of the instrument. The knob is normally set at 300 when calibrated 

, . 
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to methane. Secondary calibration to another gas is done by sampling a known concentration of the 
gas and adjusting the gas-select knob, until the instrument reading equals the true COnCQntratiOn. 

5.4 LIMITATIONS 

The OVA has an inherent limitation in that it can detect only organic molecules. Also, it should. not be 
used at temperatures lower than about 40°F, because gases condense in the pump and column. It has 
no temperature control and, since retention times vary with ambient temperatures for a given 
column, absolute determinations of contaminants are difficult. Despite these limitations, the CC 
mode can often provide tentative information on the identity of contaminants in air without relying 
on costly, time-consuming laboratory analysis. 

:. 
5.5 CAUTIONS 

The instrument can monitor only certain vapors and gases in air. Many nonvolatile liquids, toxic 
solids, particulates, and other toxic gases and vapors cannot be detected. Because the types of 
compounds that the OVA can potentially detect are only a fraction of the chemicals possibly present 
at an incident, a zero reading does not necessarily signify the absence of air contaminants. 

The instrument is nonspecific, and its response to different compounds is relative to the calibration 
satting. instrument readings may be higher or lower than the true concentrations. These 
discrepancies can be especially serious problems when monitoring for total contaminant 
concentrations, if several different compounds are being detected at once. In addition, the response 
of this instrument is not linear over the entire detection range. Care must, therefore, be taken when 
interpreting the data. All identifications should be repotied as tentative until they can be confirmed 
by more precise analysis. Concentrations should be reported in terms of the calibration gas and span 
potentiometer or gas-select knob setting. 

This instrument cannot be used as an indicator for combustible gases or oxygen deficiency. 

6.0 REFERENCES 

Century Systems (Foxboro). Service Procedures: Organic Vapor Analyzer; 128GC. 

7.0 AITACHMENTS 

Attachment A - Start-up and Shutdown Procedures (2 Sheets) 
Attachment 6 - Maintenance and Calibration Schedule 
Attachment C - Calibration Procedure (2 Sheets) 
Attachment 0 - Pump System Checkout 
Attachment E - Burner Chamber Cleaning 
Attachment F - Quad Ring Service 
Attachment G - Troubleshooting (2 Sheets) 
Attachment H - Shipping 
Attachment I - D.O.T. Exemption Permit (2 Sheets) 
Attachment J - D.O.T. Exemption Permit Extension 
Attachment K - Hydrogen Recharging 
Attachment L - Particle Filter Servicing 
Attachment M - Flow Diagram - Gas Handling System 
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ATTACHMENT A 

START-UP AND SHUTDOWN PROCEDURES 

START-UP 

1. Connect the probe/read out connectors to the side-pack assembly. 

2. Check battery condition and hydrogen supply. 

3. For measurement taken as methane equivalent, check that the GAS SELECT Dial is set at 300. 

4. Turn the electronics on by moving the INSR switch to the ON position and allow five (5) minutes 
for warm-up. 

5. Set CALIBRATE switch to Xl 0, use CALIBRATE knob to set indicator at 0. 

6. Open the H2 tank valve and the H2 supply valve all the way. Check that the hydrogen supply 
gauge reads between 8.0 and 12.0 psig. 

7. Turn the PUMP switch ON and check the flow system, according to the procedures in 
Attachment D. 

8. Check that the BACKFLUSH and INJECT valves are in the UP position. 

9. To light the flame, depress the igniter switch,until a meter deflection is observed. The igniter 
switch may be depressed for up to five(S) seconds. Do not depress for longer than 
five (5) seconds, since it may burn out the igniter coil. If the instrument does not light, allow it 
to run severat minutes and repeat ignition attempt. 

10. Confirm OVA operational state by sniffing an organic source, such as a magic marker. 

11. Establish a background level in a clean area, by using the charcoal scrubber (depress the sample 
inject valve) and recording measurements referenced to background. 

12. Set the alarm level, if desired. 

SHUTDOWN 

1. Close H2 supply valve and H2 tank valve (Do Not Ovetiiahten Valve$. 

2. Turn INSTR switch to OFF. 

3. Wait until H2 supply gauge indicates system is purged of Hz, then switch off pump. 

4. Put instrument on electrical charger at completion of day’s activities. 
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ATTACHMENT 8 

MAINTENANCE AND CALlBRATlON SCHEDULE 

Check Panicle Filters 

Check Quad Rings 

Clean Burner Chamber 

.Secondary Calibration Check 

Primary Calibration Check 

Check Pumping System 

Replace Charcoal 

Factory Service 

Weekly or as-needed 

Monthly or as-needed 

Monthly or as-needed 

Prior to project start-up 

Monthly or if secondary check is off by more than f 10% 

Prior to project start-up 

120 hours of use or when background readings are higher. 
with the inject valve down than with the inject valve up, in a 
clean environment. 

At least annually 

l Instruments which are not in service for extended periods of time need not meet the above 
schedule. However, they must b@ given a complete check-out prior to their first use addressing 
the above maintenance items. 
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ATTACHMENT C 

CALIBRATION PROCEDURE 

PRIMARY CAllBRATlON 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

Remave instrument components from the instrument shell. 

Turn on Electronics and Zero instrument on X10 scale. Gas select dial to 300. 

Turn on Pump and Hydrogen. Ignite Flame. Go to Survey Mode. 

Introduce a Methane Standard near 100 ppml 

Adjust R-32 Trimpot on Circuit Board to make meter read to standard. 

Turn off hydrogen flame and adjust meter needle to read 40 ppm (calibrate @ X 10) using the 
calibration adjust knobs. 

Switch to X100 Scale. The meter should indicate 0.4 on the l-lOmeter markings 
(0.4 x 100 = 40 ppm). If the reading is off, adjust with R33 Trimpot. 

Return to Xl0 Scale and adjust meter needle to 4Oppm with calibration adjust knob, if 
necessary. 

At the X10 Scale, adjust meter’to read 0.4 on the l-10 meter markings using the calibration 
adjust. Switch to Xl scale. The meter should read 4 ppm. If the reading is off, adjust using the 
R-31 Trimpot. 

SECONDARY cAyrRATlON 

1. Fill an air sampling bag with 160 ppm (Certified) methane calibration gas. 

2. Connect the outlet of the air sampling bag to the air sampling line of the OVA. 

3. Record the reading obtained off the meter onto the calibration record. 

DoCUMENTAllOQ 

Each office shall develop a system, whereby the following calibration information is recorded. 

a. Instrument calibrated (I.D. or Serial No.) 

b. late of calibration 

C. Method of calibration 

d. Results of the calibration 

l . Identification of person who calibrated the instrument 

f. Identification of the calibration ga.1 (source, type, concentration, Lot No.) 

,), 

0334901 
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1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

AlTACHMENT D 

PUMP SYSTEM CHECKOUT 

With pump on hold unit upright and observe flow gauge. 

Ball level significantly below a reading of 2 is inadequate flow. 

Check connections at the sample hose. 

Clean or t~place particle filters, if flow is i&aired or it is time for scheduled service. 

Reassemble and retest flow. 

If flow still inadequate, replace pump diaphragm and valves. 

If flow normal, plug air intake. Pump should slow and Sop. 

If no noticeable change in pump, tighten fittings and retest. 

If still no change, replace pump diaphragm and valves. 

Document this function in the maintenance records. 
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ATTACHMENT E 

BURNER CHAMBER CLEANING 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

Remove plastic exhaust port cover. 

Unscrew exhaust port. 

Use wire brush to clean burner tip and electrode. Use wood stick to clean Teflon. 
t 

Brush inside of exhaust port. 

Blow out chamber with a gentle air flow. 

Reassemble and test unit. 

Document this function in the maintenance records. 
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1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

ATTACHMENT F 

QUAD RING SERVICE 

Remove OVA guts from protective shell. 

Remove clip ring from bottom of Valve. 

Unscrew nut from top of valve. 

Gently pull valve shaft upward and free of housing. 

ObSQfW rings for signs of damage - replace as necersaty. 

Lightly grease rings with silicone grease. 

RQQSSQmblQ valve - do not pinch rings during shaft insertion. 

Document this function in the maintenance records. . 
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AllACHMENT G 

TROUBLESHOOTING _ 

Indication 

Q High Background Reading 
(More than 10 ppm) 

Q Continual Flameout 

Q Low Air Flow 

D Flame Will Not Light 

Q No Power to Pump 

Q Hydrogen Leak 
(Instrument Not in Use) 

1. 
2. 

1. 
.,2. 
3. 

1. 
2. 
3. 

1. 
2. 
3. 
4. 
5. 

1. 
2. 

1. 
2. 

Possible tiUSQS 

Contaminated Hydrogen 
Contaminated Sample Line 

Hydrogen Leak 
Dirty 8UrnQr Chamber 
Dirty Air Filters 

Dirty Air Filter 
Pump Malfunction 
Line Obstruction 

Low Battery 
lgnitor Broken 
Hydrogen Leak 
Dirty Burner Chamber 
Air Flow Restricted 

Low Battery 
Short Circuit 

Leak in Regulator 
Leak in Valves 

. . 
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ATTACHMENT G 
TROUBLESHOOTING 
PAGE TWO 

To be performed by qualified technician only. 

1. No meter rarponse in any switch position (including 8A’lT CHK). 

A. Broken meter movement. 
(1) Tip instrument’rapidly from side to side. Meter needle should move freely and return 

to zero. ‘. 

B. Electrical connection to meter is broken. 
(1) Check all wires leading to meter and clean the contacts of quick-disconnects. 

C. Battery is completely dead. 
(1) Oisconnect battery and chQck voltage with a volt-ohm meter. 

0. If none of the above solves the problem, consult the factory. 

2. Meter responds in 8ATT CHK position, but reads zero or near zero for all others. 

A. Power supply dQfQCtiVQ. 

(1) Check power supply voltagrr per Figure 11 of the HNU owner’s manual. If any voltage 
is out of specification, consult the factory. 

8. Input transistor or amplifier has failed. 
(1) Check input connector on printed circuit board. The input connector should be firmly 

pressed down. 
(2) Check components on back side of printed circuit board. All connections should be 

solid and no wires should touch any other object. 
(3) Check all wires in readout for solid connections. 

0334901 
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ATTACHMENT H 

SHIPPING 

Since the OVA-128 contains hydrogen, it is subject to shipping restrictions. 

A% Personal Lu- 

The OVA-128 can be taken. on a plane as luggage, since a permit has been issued from the 
Department of Transportation to the manufacturer (Foxboro). Please refer to the original permit 
(Attachment 9) and the QXtQndQd permit (Attachment 10). 

Air E%DrQ$q 

The following labels must be affixad to both sides of the OVA case when shipping OVA by Air Express. 

Q Danger - Peligro 
Q Flammable Gas 
Q Inside Container Complies with D.O.T. Regulations 
Q HydrogQnUN#1009 
Q Name and Address of Recipient 

A hazardous air bill must be filled out. The following information is requested. 

Proper Shipping Name Hydrogen 

Classification Flammable Gas 

I I.D. No. 1 UN 1049 

1 Net Quantity I75 Cubic Centimeters 

In addition, the shipping’s certification must besigned and marked CARGO AIRCRAFT ONLY. 

0334901 
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ATTACHMENT K 

HYDROGEN RECHARGING 

High.grade hydrogen (99.999%) is required. 

Connect the fill hose to the REFILL FITTING on the side Pack Assembly, with the FILUBLEED 
valve in the OFF position. 

Open Hz supply bottle valve. . . 

Place FILL/BLEED valve on fill hose in BLEED position momentarily to purge any air out of the 
system. 

Crack the instrument TANK VALVE. 

Open REFILL valve on instrument. 

Place FILL/BLEED valve in FILL position until the instrument PRESSURE GAUGE equalizes with 
the Hz SUPPLY BOTTLE PRESSURE GAUGE. 

Shut REFILL valve, FILL/BLEED valve, and H2 SUPPLY BOTTLE valve, in quick succession. 

Turn FILVBLEED valve to BLEED until hose pressure equalizes to atmospheric pressure. 

Turn FILVBLEED valve to FILL Position, then to BLEED position, then to OFF. 

Close TANK on instrument. 

Disconnect the FILL HOSE and replace protective nut on the REFILL FITTING. 
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ATTACHMENT L 

PARTICLE FILTER SERVICING 

ThQre are ‘two points in the air sampling line of the OVA where filters have bQQn placed to keep 
particulatar from entering tha instrument. The location of these filters are indicated on the figure in 
Attachmrnt M. Tha first filter is located in thQ probe assembly and tha second filtccr (gsimarv fiiltQr) is 
located on thQ side pack assembly. Cleaning procQdurQs are as follows: 

1. 

2. 

3. 

4. 

5. 

Detach the probe assembly from tha rQadout assembly. 

Disassemble the probe (thQ componants UrISCreW). 

The particle filtar IocatQd within tht proba can be cleansed by blowing air through the filter. 

RQaSSQmblQ the probe. 

Tht primary filter, located behind thQ sam@Q inlrt conncrctor on thQ side pack aswmbly, is 
accQssQd by removing thQ sample inlvt conn+ctor with a thin=walIQd 7116 inch socket wrench. 
RemOvQ tha filtw and clean as abow. 

6. Reassembla tha sample inlQt fitting and filtQr to thQ side pack assembly. 

7. Check sample flow rate. 

0334901 
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1.0 PURPOSE 

The purpose of this procedure is to provide general reference information on the sampling of 
groundwater wells. The methods and equipment described are for the collection of water samples 
from the saturated zone of the subsurface. 

2.0 SCOPE 

This procedure provides information on proper sampling equipment and techniques for groundwater 
sampling. Review of the information contained herein will facilitate planning of the field sampling 
effort by describing standard sampling techniques. The techniques described shall be followed 
whenever applicable, noting that site-specific conditions or project-specific plans may require 
adjustments in methodology. 

3.0 GLOSSARY 

None. 
, 

4.0 RESPONSlBlU’lIES 

Site Hvdroqeoloqist or Geochemist - responsible for selecting and detailing the specific groundwater 
sampling techniques and equipment to be used, documenting these in the Project Operations Plan 
(POP), and properly briefing the site sampling personnel. 

Site Geoloaist- The Site Geologist is primarily responsible for the proper acquisition of the 
groundwater samples. When appropriate, such responsibilities may be performed by other qualified 
personnel (engineers, field technicians). 

Site Manaaer- The Site Manager is responsible for reviewing the sampling procedures used by the 
field crew and for performing in-field spot checks for proper sampling procedures. 

5.0 PROCEDURE5 

5.1 GENERAL 

To be useful and accurate, a groundwater sample must be representative of the particular zone of the 
water being sampled. The physical, chemical, and bacteriological integrity of the sample must be 
maintained from the time of sampling to the time of testing in order to keep any changes in water 
quality parameters to a minimum. 

Methods for withdrawing samples from completed wells include the use of pumps, compressed air, 
bailers, and various types of samplers. The primary considerations in obtaining a representative 
sample of the groundwater are to avoid collection of stagnant (standing) water in the well and to 
avoid physical or chemical alteration of the water due to sampling techniques. In a non-pumping 
well, there will be little or no vertical mixing of water in the well pipe or casing, and stratification will 
occur. The well water in the screened section will mix with the groundwater due to normal flow 
patterns, but the well water above the screened section will remain isolated and become stagnant. 
To safeguard against collecting non-representative stagnant water in a sample, the following 
approach shall be followed prior to sample acquisition: 
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All monitoring wells shall be purged prior to obtaining a sample. Evacuation of three to 
five volumes is recommended for a representative sample. In a high-yielding groundwater 
formation and where there is no stagnant water in the well above the screened section, 
evacuatron prior to sample withdrawal is not as critical. 

‘For wells that can be purged to dryness with the sampling equipment being used, the well 
shall be evacuated and allowed to recover prior to sample acquisition. If the recovery rate 
is fairly rapid, evacuation of more than one volume of water is preferred. 

For high-yielding’ monitoring wells which cannot be evacuated to dryness, there is no 
absolute safeguard against contaminating the sample with stagnant water. One of the 
following techniques shall be used to minimize this possibility: 

A submersible pump, intake line of a surface pump or bailer shall be placed just below the 
water surface when removing the stagnant water and lowered as the water level 
decreases. Three to five volumes of water shall be removed to provide reasonable 
assurance that all stagnant water has been evacuated. Once this is accomplished a bailer 
may be used to collect the sample for chemical analysis. 

The inlet line of the sampling pump (or the submersible pump itself) shall be placed near’ 
the bottom of the screened section, and approximately one casing volume of water shall 
be pumped from the well at a rate equal to the well’s recovery rate. 

Stratification of contaminants may exist in the aquifer formation, both in terms of a concentration j 
gradients due to mixing and dispersion processes in a homogeneous layer, and in layers of variable 
permeability into which a greater or lesser amount of the contaminant plume has flowed. Excessive’ ’ 
pumping can dilute or increase the contaminant concentrations in the recovered sample compared to; 
what is representative of the integrated water column at that point, and thus result in the collectioru 
of a non-representative sample. 

5.2 SAMPLING, MONITORING, AND EVACUATION EQUIPMENT 

Sample containers shall conform with EPA regulations for the appropriate contaminants. 

The following equipment shall be on hand when sampling ground water wells: 

l Sample mckroina and shiraoina eauinment - Coolers for sample shipping and cooling, 
chemical preservatives, appropriate packing containers and filler, ice, labels and chain-of- 
custody documents. 

l Field tools and instrumentation - Thermometer; pH paper/meter; camera and film; tags; 
appropriate keys (for locked wells); engineers rule; water-level indicator; where 
applicable, specific-conductivity meter. 

l Pump% 

- Shallow-well pumps-Centrifugal, pitcher, suction, or peristaltic pumps with droplines, 
air-lift apparatus (compressor and tubing) where applicable. 

- Deep-well pumps--submersible pump and electrical power generating unit, or air-lift 
apparatus where applicable. 



l Other samolinq equipment - Bailers and monofilament line with tripod-pulley assembly (if 
necessary). Bailers shall be used to obtain samples for volatile organics from shallow and 
deep groundwater wells. 

l Pails - Plastic, graduated. 

l Decontaminatton solution%- Distilled water, Alconox, methanol, acetone. 

Ideally, sample withdrawal equipment shall be completely inert, economical, easily cleaned, 
sterilized, and reused, able to operate at remote sites in the absence of power sources, and capable of 
delivering variable rates for well flushing and sample collection. 

5.3 CALCULATIONS OF WELL VOLUME 

To insure that the proper volume of water has been removed from the well prior to sampling it is first 
necessary to know the volume of standing water in the well pipe. This volume can be easily 
calculated by the following method. Calculations shall be entered in the field logbook and on the 
field data form (Attachment A): 
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Obtain all available information on well construction (location, casing, screens, etc.). 

Determine well or casing diameter. 

Measure and record static water level (depth below ground level or top of casing reference 
point). 

Determine depth of well (if not known from past records) by sounding using a clean, 
decontaminated weighted tape measure. 

Calculate number of linear feet of static water (total depth or length of well pipe minus the 
depth to static water level). 

Calculate one static well volume in gallons (V = 0.163Trz). 

where: 

V = Static volume of well in gallons. 
T :: Thickness of water table in the well measured in feet, i.e., linear w of static 

water. 
= 

;;.I63 = 
Inside radius of well casing in inches. 
A constant conversion factor which compensates for the conversion of the 
casing radius from inches to feet, the conversion of cubic feet to gallons, and 
pi. 

Determine the minimum amount to be evacuated before sampling. 
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5.4 EVACUATION OF STATIC WATER (PURGING) 

5.4.1 General 

The amount of flushing a well shall receive prior to sample collection will depend on the intent of the 
monitoring program and the hydrogeologic conditions. Programs to determine overall quality of 
water resources may require long pumping periods to obtain a sample that is representative of a 
large volume of that aquifer. The pumped volume may be specified prior to sampling so that the 
sample can be a composite of a known volume of the aquifer. Alternately the well can be pumped 
until the parameters such as temperature, electrical conductance, and pH have stabilized. Onsite 
measurements of these parameters shall be recorded on the field data form. 

‘. 

For defining a contaminant plume, a representative sample of only a small volume of the aquifer is 
required. These circumstances require that the well be pumped enough to remove the stagnant 
water but not enough to induce significant groundwater flow from other areas. Generally three to 
five well volumes are considered effective for purging a well. 

The site hydrogeologist, geochemist and risk assessment personnel shall define the objectives of the 
groundwater sampling program in the Work Plan, and provide appropriate criteria and guidance to 
the sampling personnel on the proper methods and volumes of well purging. I 

5.4.2 Evacuation Devices 

The following discussion is limited to those devices commonly used at hazardous waste sites. 
Attachment B provides guidance on the proper evacuation device to use for given sampling 
situations. Note that all of these techniques involve equipment which is portable and readily 
available. 

5.4.2.1 Bailers 

Bailers are the simplest evacuation devices used and have many advantages. They generally consist of 
a length of pipe with a sealed bottom (bucket-type bailer) or, as is more useful and favored, with a 
ball check-valve at the bottom. An inert line is used to lower the bailer and retrieve the sample. 

Advantages of bailers include: 

l Few limitations on sire and materials used for bailers. 
l No external power source needed. 
l Bailers are inexpensive, and can be dedicated and hung in a well to reduce the chances of 

cross-contamination. 
l There is minimal outgassing of volatile organics while the sample is in the bailer. 
l Bailers are relatively easy to decontaminate. 

Limitations on the use of bailers include the following: 

0 It is time consuming to remove stagnant water using a bailer. 
l Transfer of sample may cause aeration. 
l Use of bailers is physically demanding, especially in warm temperatures at protection levels 

above Level D. 

D334901 
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” 5.4.2.2 Suction Pumps 

There are many different typ 
peristaltic, and pitcher pumps. Cc 
a fast pumping rate and for samp 
pump (therefore not suitable for wel 
creating suction. This tubing can be 
pump is a common farm hand-pump. 

tion pumps including centrifugal, diaphragm, 
hragm pumps can be used for well evacuation at 
ping rate. The peristaltic pump is a low volume 

hat uses rollers to squeeze a fiexible tubing, thereby 
a well to prevent cross contamination. The pitcher 

These pumps are all portable; inexpen 
suction, their use is restricted to area 
significant limitation is that the vacuu 
gases and volatile organics. In addit 
difficult to decontaminate. 

ily available. However, because they are based on 
Is within 20 to 25 feet of the ground surface. A 

pumps can cause significant loss of dissolved 
ternal components of these pumps may be 

5.4.2.3 Gas-Lift Samplers 

This group of samplers uses gas pressure the annulus of the well or in a venturi to force the 
water up a sampling tube.. These pump relatively inexpensive. Gas lift samplers are more, 
suitable for well development than for s ecause the samples may be aerated, leading to pH 
changes and subsequent trace metal pr loss of volatile organics. 

5.4.2.4 Submersible Pumps 

Submersible pumps take in water and push the sample up a sample tube to the surface. The power 
sources for these samplers may be compressed gas or electricity. The operation principles vary and 
the displacement of the sample can be by an inflatable bladder, sliding piston, gas bubble, or 
impeller. Pumps are available for 2-inch diameter wells and larger. These pumps can lift water from 
,considerable depths (several hundred feet). 

Limitations of this class of pumps include: 

l They may have low delivery rates. 
l Many models of these pumps are expensive. 
l Compressed gas or electric power is needed. 
l Sediment in water may cause clogging of the valves or eroding the impellers with some of 

these pumps. 
l Decontamination of internal components is difficult and time-consuming. 

5.5 SAMPLING 

5.5.1 Samplina Plan 

The sampling approach consisting of the following, shall be developed as part of the POP prior to the 
field work: 

l Background and objectives of sampling. 

l Brief description of area and waste characterization. 

l Identification of sampling locations, with map or sketch, and applicable well constructlon 
data (well size, depth, screened interval, reference elevation). 
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l Intended number, sequence volumes, and types of samples. If the relative degrees of 
contamination between wells is unknown or insignificant, a sampling sequence which 
facilitates sampling logistics may be followed. Where some wells are known or strongly 
suspected of being highly contaminated, these shall be sampled last to reduce the risk of 
cross-contamination between wells as a result of the sampling procedures. 

l Sample preservation requirements. 

l Working schedule; 

l List of team members. 

l List of observers and contacts. 

l Other information, such as the necessity for a warrant or permission of entry, requirement 
for split samples, access problems, location of keys, etc. 

5.5.2 SamDlina Methods 

The collection of a groundwater sample is made up of the following steps: 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

HSO or designee will first open the well cap and use volatile organic detection equipment 
(HNU or OVA) on the escaping gases at the well head to determine the need for respiratory 
protection. 

When proper respiratory protection has been donned, sound the well for total depth and 
water level (using clean equipment) and record these data in a well sampling data sheet 
(Attachment A); then calculate the fluid volume in the well pipe. 

Calculate well volume to be removed as stated in 5ection 5.3. 

Select appropriate purging equipment (see Attachment B). If an electric submersible pump 
with packer is chosen, go to Step 10. 

Lower purging equipment or intake into the well to a short distance below the water level 
and begin water removal. Collect the purged water and dispose of it in an acceptable 
manner. Lower the purging device, as required, to maintain submergence. 

Measure rate of discharge frequently. A bucket and stopwatch are most commonly used; 
other techniques include using pipe trajectory methods, weir boxes or flow meters. 

Observe peristaltic pump intake for degassing “bubbles.” If bubbles are abundant and the 
intake is fully submerged, this pump is not suitable for collecting samples for volatile 
organics. Never collect volatile organics samples using a vacuum pump. 

Purge a minimum of three-to-five casing volumes before sampling. In low permeability 
strata (i.e., if the well is pumped to dryness), one volume will suffice. 

If sampling using a pump, lower the pump intake to midscreen or the middle of the open 
section in uncared wells and collect the sample. If sampling with a bailer, lower the bailer 
to sampling level before filling (this requires use of other than a ‘bucket-type’ batler) 
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Purged water shall be collected in a designated container and disposed of in an acceptable 
manner. 

10. (For pump and packer asse Lower assembly into well so that packer IS 
positioned just above the scre pen section and inflate. Purge a volume equal to at 
least twice the screened inte unscreened open section volume below the packer 
before sampling. Packers s s be tested in a casing section above ground to 
determine proper inflation pressures f 

11. In the event that recovery time of the w slow (e.g., 24 hours), sample collection 
can be delayed until the following day. II has been bailed early in the morntng, 
sufficient water may be standing in the day’s end to permit sample collection. If 
the well is incapable of producing a sufficient volume of sample at any time, take the 
largest quantity available and record in the logbook. 

12. Add preservative if required. Label, tag, and number the sample bottle(s). 

13. Replace the well cap. Make sure the well is readily identifiable as the source of the 
samples. , 

14. Pack the samples for shipping. Attach a custody seal to the front and back of the shipping 
package. Make sure that traffic reports and chain-of-custody forms are properly filled out 
and enclosed or attached. 

15. Decontaminate all equipment 

5.5.3 Samsale Contsinrr 

For most samples and analytical ameters, either glass or plastic containers are satisfactory. 

Sample preservation techniques and e requirements depend on the type and concentration of 
the contaminant and on the type of a s to be performed. Procedure SF-l.2 describes the sample 
preservation and volume requirements most of the chemicals that will be encountered during 
hazardous waste site investigations. Pr ure SA-4.3 describes the preservation requirement for 
microbial samples. 

Handlina and Tranroortina km&s 

sible. It is preferable to use self-contained 
“chemical” ice (e.g., amination. If water ice is used, it shall be 
bagged and steps taken to ensure that the m does not cause sample containers to be 
submerged and thus possibly become cross-contam rd. All sample containers shall be enclosed in 
plastic bags or cans to prevent crosstontaminati shall be secured in the ice chest to 
prevent movement of sample containers and possi . 5ample packing and transportation 
requirements are described in SA-6.2. 

5.5.6 Sample Holdina Times 

Holding times (i.e. allowed ,time between sample collectio 
given in Procedure SF-1.2., 

analysis) for routine samples are 
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5.7 CHAIN-OF-CUSTODY 
c_SQL Q-w-j 

role in data gathering. Procedure SA-6.1 describes 
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U.S. EPA, 1980. Procedures Manual for Ground Water Monitorina at Solid Waste Disposal Facilities. 
Office of Solid Waste,, United States Environmental Protection Agency, Washington, D.C. 

Johnson Division, U.OP, Inc. 1975. Ground Water and Wells, A Reference Book for the Water Well 
Industry. Johnson Division, UOP, Inc., Saint Paul, Minnesota. 

Barcelona, M. J., J. P. Gibb and R. A. Miller, 1983. A auide to the Selection of Materials for Monitorinq 
Well Construction and Groundwater Samplina. ISWS Contract Report 327, Illinois State Water Survey, 
Champaign, Illinois. 

Scalf, M. R., J. F. McNabb, W. 1. Dunlap, R. L. Crosby and J. Fryberger, 1981. Manual of Ground Water 
Samplina Procedures. R. 5. Kerr Environmental Research Laboratory, Office of, Research and 
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5.6 RECORDS L See C2MP-J 
Records will be maintained fo each sample that is taken. The i mple log sheet will be used to record 
the following information: 

\ / 
l Sample identification name, location, pr ject number; sample name/number and 

location; sample type a time and da 
P 

; sampler’s identity). 

l Sample source and source +cription. J 

l Purge data - prior to remov volume and before sampling, pH, electrical 
conductance, temperature, shall beineasured and recorded. 

l Field observations and 
sampling method). 

l Sample disposition sent to, date and time; lab sample number, 
EPA Traffic Report number, chain-of-custody number. , 

l Additional remarks - 
authorities; samples 
analysis; etc.). 

with state, county, local regulatory 
value only; sampled for key indicator 



7.0 AlTACHMENTS 

Attachment A - Well Sampling Data Sheet 
Attachment B - Purging Equipment Selection 
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2 Monitormg Well Data 
v- 

z] Domestic Well Data C3se d 

7 Other 
BY 

Project Site Name 
NUS Source No. 

foul Well depth* 
‘Jvcll Caring Size & Depth: 

Staric Water Level: 
One Casmcr Volume: 
Stan Purse (hrs.): 
End Purse (hn.I- 
Total Purge Time imm.). 
Total Amount Purqed (gal.): 

Monitor Reading: 

. project Sat Number 
Source Location 

I Purge Data 
Volume 1 pd 1 S.C. ITerm. (Yji Color&Turbldity 

I I I 

I I 
! I 

“II,,, ” ,, 

I I 
I 
I 

t 
I 1 I 

aurqe Methoa: 
SamDIe Method: 

3epth Sampred: 
Samole Date & Tima: 

Sampled By: 

I t 

I I , 

I I 

Sample Data 
3H S.C. I Temp. (OC) Color & Turb*dlrv 

I 

Signature(s): 
I I I I 

Observations / Notes: 

0 Low Concenrration 0 Low Concenrration 
8 ;$ Concentration 8 ;$ Concentration 

IJ Composite IJ Composite 
0 Grab - Composite 0 Grab - Composite 

Type of Sample 

c 
Analysis: 

I 
Preservawe I 3qantc ircrgawc 

traffic koon Y 1 

rrp* 

1 I / i 
t 

1 

Volume 
1 I I 



S
ubject 

I 
N

um
ber 

S
A

-1.1 
P

age 
120f 

14 

G
R

O
U

N
D

W
A

T
E

R
 S

A
M

P
L

E
 A

C
Q

U
IS

IT
IO

N
 

R
evw

on 
0”” ‘I’~” 

2 
E

ffective 
D

ate 
0 s/04/90 

A
lT

A
C

H
M

E
N

T
 

B
 

P
U

R
G

IN
G

 E
Q

U
IP

M
E

N
T

 S
E

L
E

C
T

IO
N

 

I 
I 

n 
I 

R
 

I 

I 
I 

q
 

*
 

I 
” 

a 
I 

I 
I 

q
 



c4lePwm Inst. 
co. 

<l.WNA 

LCQ Pump c&m <lSO# 
<z.wmA 

I w/36 URb coql. Eab 2164 

QEOYOYlTW t.WE 

I.nJ26 lMw6naunin 

1.7m 03w6 mumm 

l.lUI2 90.150mL 

I w/36 PVC 0.2ul6 mumwl 

Source : Barcelona et al., 1983 
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0150 

0126 
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iq cycle 
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C- 
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PVC. PQ 
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Tdttldib 
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1.0 PURPOSE 

This procedure describes methods and equipment commonly-used for collecting environmental 
samples of surface water and aquatic sediment for either on-site examination and chemical testing or 
for laboratory analysis. 

2.0 SCOPE 

The information presented in this guideline is generally applicable to all environmental sampling of 
surface waters (Section 5.3) and aquatic sediments (Section 5.4) except where the analyte(s) may 
interact with the sampling equipment. The collection of concentrated sludges or hazardous waste 
samples from disposal or process lagoons often requires methods, precautions and equipment 
different from those described herein. 

3.0 GLOSSARY 

Environmental Sample - low concentration sample typically collected offsite and not requiring DOT 
hazardous waste labeling or CLP handling asa high concentration sample. I 

Hazardous Waste Samole - m&urn to high concentration sample (e.g., source material, sludge, 
leachate) requiring DOT labeling and CLP handling as a high concentration sample. 

4.0 RESPONSlBlLlTlES 

Field OIHarations Leader - has overall responsibility for the correct implementation of surface water 
and sediment sampling activities, including review of the sampling plan with, and any necessary 
training of, the sampling technician(s). The actuaj collection, packaging, documentation (sample 
label and log sheet, chain-of-custody record, CLP traffic reports, etc.) and initial custody of samples 
will be the responsibility of the sampling technician(s). 

5.0 PROCEDURES 

5.1 INTRODUCTION 

Collecting a representative sample from surface water or sediments is difficult because of water 
movement, stratification or patchiness. To collect representative samples, one must standardize 
sampling bias related to site selection; sampling frequency; sample collection; sampling devices; and 
sample handling, preservation, and identification. 

Representativeness is a qualitative description of the degree to which an individual sample accurately 
reflects population characteristics or parameter variations at a sampling point. It is therefore an 
important quality not only of assessment and quantification of environmental threats posed by the 
site, but also for providing information for engineering design and construction. Proper sample 
location selection and proper sample collection methods are important to ensure that a truly 
representative sample has been taken. Regardless of scrutiny and quality control apptied during 
laboratory analyses, reported data are not better than the confidence that can be placed in the 
representativeness of the samples. 
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5.2 DEFINING THE SAMPLING PROGRAM 

Many factors must be considered in developing a sampling program for surface water or sediments 
including study objectives; accessibility; site topography; flow, mixing and other physical 
characteristics of the water body; point and diffuse sources of conta8mination; and personnel and 
equipment’available to conduct the study. For waterborne constituents, dispersion deps -ds on the 

--Ical and lateral mixing within the body of water. For sediments, dispersion depenc :n bottom 

;wr 

.* or flow characteristics, sediment characteristics (density, size) and geochemic properties 
affect an adsorption/desorption). The hydrologist developmg the sampling plan must 

thererore, know not only the mixing characteristics of streams and lakes, but also must understand 
the role of fluvial-sediment transport, deposition, and chemical sorption. 

5.2.1 Samplina Program Obiectiver 

The objective of surface water sampling is to determine the surface water quality entering, leaving or 
remaining within the site. The scope of the sampling program must consider the sources and 
potential pathways for transport of contamination to or in a surface water body. Sources may include 
point sources (leaky tanks, outfalls, etc.) or nonpoint sources (e.g., spills). The major pathways for’ 
surface water contamination (not including airborne deposition are: (a) overland runoff; (b) leachate , 
influx to the waterbody; (c)direct waste disposal (solid or liquid) into the water body; and 
groundwater flow influx from upgradient. The relative importance of these pathways, and therefore 
the design of the sampling program, is controlled by the physiographic and hydrologic features of the 
site, the drainage basin(s) which encompass the site, and the history of site activities. 

Physiographic and hydrologic features to be considered include slopes and runoff direction, areas of 
temporary flooding or pooling, tidal effects, artificial surface runoff controls such as berms or 
drainage ditches (and when they were constructed relative to site operation), and locations of 
springs, seeps, marshes, etc. In addition, the obviousconsiderations such as the location of man-made 
discharge points to the nearest stream (intermittent or flowing), pond, lake, estuary, etc., shall be 
considered. 

A more subtle consideration in designing the sampling program is the potential for dispersion of 
dissolved or sediment-associated contaminants away from the source. The dispersion could lead to a 
more homogeneous distribution of contamination at low or possibly non-detectable concentrations. 
Such dispersion does not, however, always readily occur. For example, obtaining a representative 
sample of contamination from a main stream immediately below an outfall or a tributary is difficult 
because the inflow fraquently follows a stream bank with little lateral mixing for some distance. 
Sampling alternatives to overcome this situation are: (1) move the site far enough downstream to 
allow for adequate mixing, or (2)collect integrated samples in a cross section. Also, 
nonhomogeneous distribution is a particular problem with regard to sediment-associated 
contaminants, which may accumulate in low-energy environments (coves, river bends, deep spots, or 
even behind boulders) near or distant from the source while higher-energy areas (main stream 
channels) near the source may show no contaminant accumulation. 

The distribution of rarticulates within a sample itself is an important consideration. Many organic 
compounds are only slightly water soluble and tend to be absorbed by particulate matter. Nitrogen, 
phosphorus, and the heavy metals may also be transported by particulates. Samples will be collected 
with a representative amount of suspended ma+zrial; -. - -<far from the sampling device shall include 
transferrmg a proportionate amount of the SU:~’ .ded .ial. 
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5.2.2 Location of Samplina Stations 

Accessibility is the primary factor affecting sampling costs. The desirability and utility of a sample for 
analysis and description of site conditions must be balanced against the costs of collection as 
controlled by accessibility. Bridges or piers are the first choice for locating a sampling station on a 
stream because bridges provide ready access and also permit the sampling technician to sample any 
point across the stream. A boat or pontoon (with an associated increase in cost) may be needed to 
sample locations on lakes and reservoirs, as well as those on larger rivers. Frequently, however, a boat 
will take longer to cross a water body and will hinder manipulation of the sampling equipment. 
Wading for samples is not recommended unless it is known that contaminant levels are low so that 
skin contact will not produce adverse health effects. This provides a built in margin of safety in the 
event that wading boots or other protective equipment should fail to function properly. If it is 
necessary to wade into the water body to obtain a sample, the sampler shall be careful to minimize 
disturbance of bottom sediments and must enter the water body downstream of the sampling 
location. If necessary, the sampling technician shall wait for the sadiments to settle before taking a 
sample. 

Sampling in marshes or tidal areas may require the use of an all-terrain-vehicle (ATV). The same 
precautions mentioned above with regard to sediment disturbance will apply. \ 

Under ideal and uniform contaminant dispersion conditions in a flowing stream, the same 
concentrations of each would occur at all points along the cross section. This situation is most likely 
downstream of areas of high turbulence. Careful site selection is needed in order to ensure, as nearly 
as possible, that samples are taken where uniform flow or deposition and good mixing conditions 
exist. 

The availability of streamflow and sediment discharge records can be an important consideration in 
choosing sampling sites in streams. Streamflow data in association with contaminant concentration 
data are essential for estimating the total contaminant loads carried by the stream. If a gaging 
station is not conveniently located on a selected stream, the project hydrologist shall explore the 
possibility of obtaining streamflow data by direct or indirect methods. 

5.2.3 Freauencv of krmplinq 

The sampling frequency and the objectives of the sampling event will be defined by the work plan. 
For single-event site- or area-characterization sampling, both bottom material and overlying water 
samples shall be collected at the specified sampling stations. If valid data are available on the 
distribution of the contaminant between the solid and aqueous phasas it may be appropriate to 
sample only one phase, although this is not often recommanded. If samplas are collected primarily 
for monitoring purposes, consisting of repetitive, continuing measurements to define variations and 
trends at a given location, water samples shall be collected at a pre-enablished and constant interval 
as specified in the work plan (often monthly or quarterly) and during droughts and floods. Samples 
of bottom material shall be collected from fresh deposits at least yearly, and preferably during both 
spring and fall seasons. 

The variability in available waterquality data shall be evaluated before deciding on the number and 
collection frequency of samples required to maintain an effective monitoring program. 
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5.3 SURFACE WATER SAMPLE COLLECTION 

5.3.1 err, Str m Rive 

Methods for sampling streams, rivers, outfallr and drainage features at a single point vary from the 
simplest of hand sampling procedures to the more sophisticated multipoint sampling techniques 
known as the equal-width-increment (EWI) method or the equal-discharge-increment (EDI) methods 
(see below). 

Samples from different depths or cross-sectional locations in the water course taken during the same 
sampling episode shall be composited. However, samples collected along the length of the 
watercourse or at different t.imes may reflect differing inputs or d,iIutions and therefore shall not be 
composited. Generally, the number and type of samples to be taken depend on the river’s width, 
depth, discharge and on the suspended sediment the river’s transports. The greater number of 
individual points that are sampled, the more likely that the composite sample will truly represent the 
overall characteristics of the water. 

In small streams less than about 20 feet wide, a sampling site can generally be found where the water 
is well-mixed. In such cases, a single grab sample taken at mid-depth in the center of the channel is , 
adequate to represent the entire cross-section. 

sample each from just 
surement of DO, pH, 
composite and on the 

Lakes, ponds, and reservoirs hav s much greater tende tratify than rivers and streams. The 
relative lack of mixing requires th re samples be obtai 

The number of water sampjing sites will vary with the size and 
shape of the basin. In ponds and sma at the deepest point may be 
sufficient. Similarly, the measuremen conducted on each 
aliquot of the vertical composite. In nat ponds, the deepest point may have to be 
determined empirically; in impoundments, int is usually near the dam. 

In lakes and larger reservoirs, several vertical c shall be cornposited to form a single sample. 
In some cases, it may be of interest to form 
es. In a stratified lake, the epilimnion is the 

limnion is the lower, “confined” layer 
which is only mixed with the epilimni tmosphere during seasonal “overturn” 
(when density stratification disappears ones may thus have very different 
concentrations of contaminants if input e contaminants are volatile (and 
therefore vented from the epilimnion b r if the epilimnion only is involved 
in short-term flushing (i.e.,, inflow fro r outflow to shall Normally, however, a 
composite consists of several verticals samples collected at v 

In lakes with irregular shape and h bays and coves that are pro from the wind, separate 
composite samples may be need adequately represent water ince it is likely that only 
poor mixing will occur. Similarly ional samples are recommen a discharges, tributaries, 
land use characteristics, and oth@ such factors are suspected of influencing water quality. 
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Many lake measurements are now made in-sit usi 

k 

sensors and automatic readout or recording 
devices. Single and multiparameter instruments available for measuring temperature, depth, pH, 
oxidation-reductron potential (ORP), specific ductance, dissolved oxygen, some cations and 
anions, and light penetration. 

5.3.3 Estuaries 

Estuarine areas are by definition IO 
oceanic saline waters. 
freshwater inflow and mi 
sampling locations: 

ere inland freshwaters surface and ground) mix with 
three types dependent upon 

ry type is necessary to determine 

0 Mixed estuary - 
increase in salinity in the wa 
Typically this type of estuary is 
Being well mixed, the sampling 

l Salt wedge estuary - characterized 
freshwater flow along the surface. 
override the density differential 
tapering inland moves horizontal 
is being introduced into the estua 
may miss it entirely. 

vertical halocline (gradual or no marked 
gradual increase in salinity seaward. 

d in major freshwater sheetflow areas. 
ot cntical in this type of estuary. 

arp vertical increase in salinity and stratified , 
ese estuaries the vertical mixing forces cannot 

sh and saline waters. tn effect, a salt wedge 
forth, with the tidal phase. If contamination 
stream, water sampling from the salt wedge 

l Oceanic estuary - charact hing full strength oceanic waters. 
Seasonally, freshwater inf nderance of the fresh-saline water 
mixing occurrinlg near, or a 

Sampling in estuarine areas is no ly based upon the I phases, with samples collected on 
successive slack tides (i.e. when th e turns). Estuarine ling programs shall include vertical 
salinity measurements at 1 to t increments coupled h vertical djssolved oxygen and 
temperature profiles. 

53.4 Surface Water SrmPlina EauiDmant 

The selection of sampling equipment depends on the site conditions and sample type required. The 
most frequently used samplers are: 

l Dip sampler 

l Ye 

The dip sampler and the weighted bottle sampler are used most often. 
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The criteria for selecting a sampler include: 

l Disposable and/or easily decontaminated 
l Inexpensive (if the item is to be disposed 00 
l Ease of operation 
l Nonreactive/noncontaminating - Teflon-coating, glass, stainless steel or PVC sample 

chambers are preferred (in that order) 

Each sample (grab or each aliquot collected for compositing) shall be measured for: 

l Specific conductance “. ( 

l Temperature 
l pH (optional) 
l Dissolved oxygen (optional) 

as soon as it is recovered. These analyses will provide information on water mixing/stratification and 
potential contamination. 

5.3.4.1 Dip Sampling ! 

Water is often sampled by filling a container either attachad to a pole or held directly, from just 
beneath the surface of the water (a dip or grab sample). Constituents measured in grab samples are 
only indicative of conditions near the surface of the wia2clr and may not be a true representation of 
the total concentration that is distributed throughout the water column and in the cross section. 
Therefore, whenever possible it is recommended to augment dip sampllcn with samples that represent 
both dissolved and suspended constituents and both vertical and horizontal distributions. 

5.3.4.2 Weighted 6 

A grab sample can also older that allows a sample to be lowered to any 
desired depth, opened ed to the surface. This allows discrete sampling 
with depth. Several of these ned to provide a vertical composite. Alternatively, 
an open bottle can be lower raised to the surface at a uniform rate so that the 
bottle collects sample throu on raaching the surface. The 
resulting sample using ‘either met ughly approach what is known as a depth-integrated 
sample. 

A closed weighted 
device, and lines to open tha stopper 

(watch for bubbles). 

,pped glass or plastic bottle, a weight and/or holding 
r or raise the bottle. The procedure for sampling is: 

depth so as not to remove the stopper prematurely 

l Pull out the stopper w 

‘0 Allow the bottle to completely, as evide by the absence of air bubbles. 

l Raise the sampler 

l Decontamina de of the bottle. The bo n be used as the sample container 
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5.3.4.3 Kemmerer 

If sampler are desired at a specifi the parameters to be measured do not require a Teflon 
coated sampler, a standard Kern mpler may be used. The Kemmerer sampler is a brass, 
stainless steel or acrylic cylinder w r stoppers that leave the ends open while being lowered in 
a vertical position to allow free ater through the cylinder. “Messenger” is sent down the 
line when the sampler is at the to cause the stoppers to close the cylinder, which is 
then raised. Water is removed t iill sample bottles. 

5.3.5 Surface Water Samdina Techniuuer 

Most samples taken during site investigations are grab samples. TypicaHy, surface water sampling 
involves immersing the sample container in the body of water; however, the following suggestions 
are made to help ensure that the samples obtained are representative of site conditions: 

0 

0 

0 

0 

0 

l 

e 

5.4 

5.4.1 

The most representative samples are obtained from mid-channel at 0.6 stream depth in a 
well-mixed stream. 

Even though the containers used to obtain the samples are previously laboratory cleaned, 
it is suggested that the sample container be rinsed at least once with the water to be’ 
sampled before the sample is taken. 

For sampling running water, it is suggested that the farthest downstream sample be 
obtained first and that subsequent samples be taken as one works upstream. Work from 
zones suspected of low contamination to zones of high contaminIation. 

To sample a pond or other standing of water, the surface area may be divided into 
grids. A series of samples taken from 
grids are selected at random. 

x 

h grid is combined into one sample, or several 

Care should be taken to avoid excessive agitation of the water that results in the loss of 
volatile constituents. 

When obtaining samples in 40 ml septum vials for volatile organics, analysis, it is important 
to exclude any air space in the top of the bottle and to be sure that the Teflon liner faces in 
after the bottle is filled and capped. The bottle can be turned upside down to check for air 
bubbles. 

Do not sample at the surface, unless sampling specifically for a known constituent which is 
immiscible and on top of the water. Instead, the sample container should be inverted, 
lowered to the approximate depth, and held at about a 4Edegree angle with the month of 
the bottle facing upstream. 

SEDIMENT SAMPLING 

General 

Sediment samples are usually collected at the same verticals at which water samples were collected. If 
only one sediment sample is to be collected, the site shall be approximately at the center of water 
body. Generally, the coarser grained sediments are deposited near the headwaters of the reservoir 
Bed sediments near the center will be composed of fine-grlrined materiels which may, because of 
their lower porosity and greater surface area available for adsorption, contain greater concentrations 

,.,,,,,,,,_ 

,,,, “, ,,.,,I,,,,~ 
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of contaminants. The shape, flow pattern, bathometry (depth distribution), and water circulation 
patterns must all be considered when selecting sediment sampling sites. In streams, areas likely to 
have sediment accumulation (bends, behind islands or boulders, quiet shallow areas or very deep, 
low-velocity areas) shall be sampled while areas likely to show net erosion (high-velocity, turbulent 
areas) and suspension of fine solid materials shall be avoided. 

Chemical constituents associated with bottom material may reflect an integration of chemical and 
biological processes. Bottom samples reflect the historical input to streams, lakes, and estuaries with 
respect to time, application of chemicals, and land use. Bottom sediments (especially fine-grained 
material) may act as a sink or reservoir for adsorbed heavy metals and organic contaminants (even if 
water column concentrations are below detection limits). It is therefore important to minimize the 
loss of low-density “fines” during any sampling process. 

5.4.2 Samolina Eauipment and Techniauer 

A bottom-material sample may consist of a single scoop or core or may be a composite of several 
individual samples in the cross section. Sediment samples may be obtained using on-shore or 
off-shore techniques. 

. . . . 
undertake the samplj 

The following samplers may be used to collect bottom materials: 

l Scoop sampler 

5.4.2.1 Scoop Sampler 

A scoop sampler consists of a pole to which a jar or scoop is attached. The pole may be made of 
bamboo, wood or aluminum and be either telescoping or of fixed length. The scoop or jar at the end 
of. the pole is usually attached using a clamp. 

If the water body can be sampled from the shore or if it can be waded, the easiest and “cleanest” way 
to collect a sediment sample is to use a scoop sampler. This reduces the potential for cross- 
contamination. This method is accomplished by reaching over or wading into the water body and, 
while facing upstream (into the current), scooping in the sample along the bottom in the upstream 
direction. It is very difficult not to disturb fine-grained materials of the sediment-water interface 
when using this method. 

5.4.2.2 Dredgee 

Dredges are generally used to 
(i.e., coarse-grained or partial 
required. Dredges generally co 
either close upon impact or be a 
several hundred pounds) and require u 
are three major types of dredges: Pete 

ch cannot easily be obtained using coring devices 
Is) or when large quantities of materials are 

II arrangement of two buckets. The buckets may 
Most dredges are heavy (up to 

winch and crane assembly for sample retrieval. There 
an and Ponar dredges. 

The Peterson dredge is 
is high. The dredge sha 
miss lighter materials if 

in very deep water, or when the flow velocity 
bproaches bottom, because it can force out and 
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well where bottom material is unusually 
is unsuitable, however, for sandy, rocky, 

ith high flow velocities. 

The Ponar dredge is a Peterson dredge y the addition of side plates and a screen on the top 
of the sample compartment. The screen ample compartment permits water to pass through 
the sampler as it descends thus reducing t ock wave” and permitting direct access to the secured 
sample without opening the closed jaws Ponar dredge is easily operated by one person in the 
same fashion as the Peterson dr redge is one of the most effective samplers for 
general use on all types of subs e secured sample through the covering screens 
permits subsampling of the secur ing tubes or,Teflon scoops, thus minimizing the 
change of metal contamination f the frame of th vice. 
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1 .o PURPOSE 

The purpose of this procedure is to present methodologies for surveying and sampling aquatic 
organisms at hazardous waste sites to determine potential impacts on organisms at higher trophic 
levels. 

2.0 SCOPE 

The methodologies presented in this procedure are appropriate for: identifying aspects of aquatic 
ecological communities which suggest impact due. to hazardous waste contamination; identifying 
potential trophic pathways and transport mechanisms for substances of public health concern; and 
providing useful input to evaluation of the feasibility and risks of remedial deign alternatives. Not 
all.of the methodologies presented herein are appropriate for all sites because of health and safety 
constraints which must be factored into all field sampling and analysis plans incorporating the 
methodologies included in this guideline. 

3.0 GLOSSARY 

Benthos - Organisms living on, in, or attached to the bottom of a water body. 

Cladoccra - Water fleas, a suborder within the class comprising an important food for fish. 

Community - An assemblage of plant or animal species which appear to occur together or a given 
area. 

Ecosvstem - The biotic community and abiotic environment associated with a particular area. 

jchthvoolankton - Fish eggs and fish larvae sufficiently large to be captured by a SOS-micron mesh 
plankton net. 

MacrophvteZ - Essentially larger aquatic plants, or all plants except microscopic plants or algae. 

Macrozooolankton - Larval and post larval animal plankton sufficiently large to be captured by a 

505-micron mesh plankton net. 

PeriPhvton - Organisms attached or clinging to submerged stems, leaves, rocks or other surfaces 
projecting above the substrate. 

Plankton - Organisms which float with the current and generally lack swimming capability. 

Trophic Pathway - A pattern of energy .and material transfer from primary producers through 
successive levels of consumer organisms, and ultimately, to decomposers. 

4.0 RESPONSIBILITIES 

Site Manaaer - responsible for ensuring that a senior ecologist prepares, reviews, and oversees 
implementation of project specific plans for projects where aquatic ecological inventorying and 
sampling are required, and that such plans conform to this procedure. The Site Manager is also 
responsible to assure that the plans are reviewed by the Health and Safety Officer for conformance 
with Health and Safety Guidelines. 
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5.0 PROCEDURES 

5.1 PROGRAM DESIGN 

The site-specific aquatic ecology field program is designed after the following tasks have been 
completed! 

l Review and analysis of all available site-specific information. 

l Revievir and understanding of program objectives. 

l Review and understanding of the principles and procedures of each sampling and/or 
measurement method to be used (including review of specific equipment manuals). 

l Consultation with the Site HSO (especially if there is a potential for sampling from a boat). 

Program design will be dependent upon these factors and must be considered relevant to the type of 
environment being investigated (marine, estuarine, freshwater), in addition to program objectives. 
The sampling apparatus used for a specific project is dependent upon the type of environment since , 
not all gear is applicable in all, systems (e.g., electrofishing is ineffective in saline waters). Other 
considerations which may be relevant to sample survey design include: 
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Emphasis on indicator species - focusing the sampling effort on certain species may be of 
use as a quick aid to identifying stress in the environment. Additionally, observations of 
high incidences of pathological disorders in fish (e.g., fin rot) provides information on the 
probability of stress in a particular area. 

Collection of specimens for tissue analysis - chemical contaminants are often concentrated 
from one trophic level to the next, especially for fat soluble materials. Identification of the 
main food chains present in the study area will be useful in establishing which organisms to 
concentrate on relative to tissue analysis studies of bioaccumulation. 

Incorporation of sampling - concurrent samplng of biota and the physical/chemical 
environment (e.g., water quality) is important for interpreting presence/absence/ 
abundance data on species observed. 

Inclusion of downstream (or upstream) sampling - offsite sampling locations may be 
necessary to establish far field effects of contaminants, downgradients in species 
composition and recovery rates as contaminants are dispersed and diluted, or determine if 
differences between onsite and offsite biota are significant, and upgradient or similar but 
uncontaminated systems as controls. 

Tidal fluctuations - estuarine and marine environments experience tidal variations, and 
therefore require sampling in inter- and sub-tidal zones as well as during ebb and flood 
tides, to properly characterize the area. Inter-tidal zones possess unique species (spartina, 
mussels) which present trophic pathways to .both aquatic and terrestrial organisms. These 
species should be considered for tissue analyses for evaluating environmental fate, effects, 
and risks. 

Stream and lake cross-sections - depth and rate of flow vary, based on cross-sectton 
location, 



The objectives of certain hazardous waste site ecotogicat studies can be met with utilization of 
available information and qualitative methodologtes comprising a General Field Survey. In these 
instances, program design can be accomplished by the field biologist with review by the senior 
project ecologist and the site HSO. At those sites where qualitative information or sample collection 
is deemed necessary, the field program should be designed with input from statistician. This is 
required not only to ensure usefulness of data collected, but also to optimize time spent in the field. 

5.2 DATA RECORDING 

Standard aquatic ecology field data sheets (Attachment A) should be used for General Field Surveys. 
These sheets should be pre-printed on weather re$stant paper to ensure data preservation under 
adverse field.conditions, and include (but not be limited to) the following: 

l NUS Project Number, Site Name and Location 
l Date and Time 
a Recorder (Investigator) 
0 Station Location 
a Sample description and/or sample number as appropriate. 
l Weather conditions 
a Record of any photographs taken 

5.3 PRE-FIELD lNVESllGAllON ANALYSES 

Prior to the field effort, all relevant available information should be reviewed. This phase is 
particularly important for hazardous waste site studies because typically-employed field accessories 
such as binoculars or cameras are difficult to use in combination with personnel protection 
requirements (respirators, SCBA, etc.). At most sites, the quality and quantity of information 
obtained will be limited by the investigator’s ability to identify aquatic organisms and habitat 
through a respirator mask and by stress incurred from working in protective clothing. Hence, there is 
a strong need to make maximum use of available information prior to field investigation. Pre-field 
investigation should include the following: 

l Preliminary map depicting water bodies on-site or contained within drainage area that 
require investigation 

l Access routes (paths, trails accommodating all terrain vehicles, etc.) as well as emergency 
egress routes and safety stations 

l Existing background information on the study area including aquatic organisms that may 
be found, with emphasis on species which may be indicative of existing stress or 
contaminant vectors, from a public health standpoint. 

Sourcesof information to be sought and consulted include the following: 

l Aerial photography 

l USGS topographic maps 

l Observations and photographs obtained by previous investigators (e.g., FIT team or site 
reconnaissance survey) 

l State field biologists 
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l Published literature on aquatic ecosystems occurring on or near the site 

l Navigational and river maps, if applicable. 

l Published references on materials and methods (e.g., References 1 and 2 or this guideline) 

l State or federal endangered species specialists where appropriate. 

5.4 FIELD PREPARATIONS 
*. 

Complete any field-related activities that can be performed prior to actual conduct of the field study- 
this includes pre-labeling of sample containers, pre-recording certain information on data sheets 
(e.g., site and date), and preparing any anticipated sample preservatives to proper strength. 

5.5 GENERAL FIELD SURVEY 

The General Field Survey should rely largely on observational data obtained by the field biologist, 
utilizing a standard data sheet (sample shown in Attachment A) developed for each site. In some , 
instances simple techniques such as dip netting, which utilize disposable nets, can be employed to 
provide qualitative information on species present, or for obtaining specimens for tissue analysis. 

5.6 DETAILED FIELD SURVEY 

A Detailed Field Survey should be performed where more specific information (e.g., species 
abundance and bottom composition) is needed and where safety levels permit more intensive types 
of sampling. This type of survey would normally be performed only at Level D or C sites. Data 
typically obtained from this survey can include: 

0 Water Quality 
- PH 
- Dissolved oxygen 
- Temperature 
- Conductivity or salinity 
- Transparency 
Flow 
Average width and depth 
Circulation 
Tidal stage 
Bottom Composition -sieved samples 
Invertebrates - grab samples, drift nets 
Plankton (phyto, zoo, ichthyo) - nets, pumps 
Canopy - percent cover 
Fish - electrofishing; seining; set nets; gill nets 

Data typically obtained from this survey are recorded on the data sheet in Attachment B. 

Health and safety considerations are in all cases a major part of designing -a detailed field survey. 
Health and safety implications of field sampling techniques must be considered, as well as health risks 
to laboratory personnel performing any subsequent analyses. 
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5.7 QUANTlTAllVE STUDIES 

Quantitative estimates of species abundance may be difficult to obtain at some sites, due to health 
risks of the repeated sampling required for statistically-sound data. If after consideration of program 
objectives and site-specific health and safety conditions, a quantitative study is deemed necessary, a 
sampling and/or monitoring program can be designed. Frequency of sampling, as well as number of 
stations and samples per station, should be developed on the basis of statistical advice, the site 
ecologist’s understanding of on-site conditions, and the Site HSO’s review. 

Data sheets similar to those employed for Detailed Field surveys should be used, (Attachment C) and 
lab sheets should be developed as appropriate. . . 

5.8 SPECIFIC METHODS AND MATERIALS 

The methods described below are standard and, where health and safety conditions permit, 
appropriate for use at hazardous waste sites. 

5.8.1 Benthic Invertrbrates 

Benthic invertebrates live on or in the waterbody substrate. They can constitute an important ’ 
component of food chains of fish species, and consequently may link sediment-contained pollutants 
with the human food chain. Benthic macroinvertebrate communities are often used as indicators of 
stress on aquatic composition and density is largely determined by substrate types and local 
environmental conditions. 

Many methods have been employed for obtaining benthic samples. An ideal collection technique 
minimizes disturbance, minimizes time during which captured organisms can escape, and provides a 
defined volume. Sampling devices include hand-held corers, scoops, various grabs or dredges (Ponar, 
Peterson, Smith-McIntyre) the Surber sampler, and artificial monitoring substrates (e.g., Hester-Dendy 
Sampler). Major advantages and limitations are the following: 

I 
Area Sampled Advantages Limitations 

I 
Peterson and fOOcmz Will work in sand or Requires boat; unwreldy 
Smith-McIntyre gravel and heavy 
grabs 

I 
scoops Variable Simple Non quantrtative; may 

require hand immersion 
. 

Surber Sampler 1 OOOcm2 Semi-quantitative sample Shallow water device 
for streams appropriate (best when water 2’ 
for variety of substrates deep); requires hand 

immersion 
1 

Ponar Grab 500cm2 Manageable, Requires boat; limitedto 
quantitative sample soft se& ment 

, * 
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Artificial 
Substrate (e.g., 
Hester-Dendy 
Sampler) 

Hand Corer 

Area Sampled 

Series of small plates or 
materials of fixed area 

Various, up to 10 cm 
diameter 

Advantages Limitations 

Does not require Only samples the 
substrate extraction, community which 
simpler lab processing; develops during 
quantitative estimate of sampling interval no 
species and individuals measure of natural 
per area substrate 

Takes undisturbed, Cannot be used on hard 
quantitative samples; substrates; unwieldy. 
easy to use and can be Restricted to shallow 
used in relatively coarse water; may lose portion 
sediments of sediment; requires 

hand immersion 

Ponar Grab 500cm2 Manageable, 
quantitative sample 

Requires boat; limited to 
soft sediment 

Grab samples are usually washed through sieves in the field to prevent the loss of small animals which 
die and decay rapidly. Choice of sieve size is usually based on sediment grain size, but it also 
determines the type and size of animals retained. The most commonly used mesh size for final sieving 
is 0.5 mm. The material retained by the sieve is preserved in 10 percent buffered formalin and labeled 
for laboratory analyses. Artificial substrates are removed from the array, bagged and preserved in 
total for lab picking and identification. 

5.8.2 Plankton 

Zooplankton 

Zooplankton form a major food source for larval and adult fish as well as larger invertebrates. As 
they are typically microscopic, sampling procedures involve use of a net to strain them from the 
water. Nets are usually towed behind a boat, and fitted with flow meten (which measure volume of 
water filtered) if quantitative samples are required. 

General procedures are: 

l If metered, record start count (volume). 
l Tow for approximately 5 minutes at l-2 feet per second. 
l If metered, record end count (volume). 
l Empty contents of bucket into labeled sample container. 
0 Add preservative. 

Nets are rinsed by splashing water through the net from the outside to concentrate collected material 
in a sample bucket. Contents of the bucket are then emptied into labeled jars containing 5% 
buffered formalin. The mesh of the bucket should also be rinsed from the outside in to ensure all 
collected material is transferred to the sample jar. Fresh water plankton should be preserved with 
sucrose/rl% buffered formalin in order to preserve the cladocerans in a more easily identifiable form. 

The primary variables involved in program design are (a) mesh size, (b) length of tow, (c)net 
diameter, (d) depth of tow, and (a) time of tow (day or night). Mesh sizes for environmental studies 
are relatively standard (202 micron) as are length of tow (5-10 minutes with minimum volume of 



100 m3). Nets are usually 0.5 or 1 meter diameter. Oblique tows sample all water depths and provide 
data representative of the entire water Column. 

lchthyoplankton and Mrcrorooplankton 

lchthyoplankton and macrozooplankton include drifting organisms, typically fish eggs, larvae, and 
invertebrates of a size sufficient to be captured by a SOS-micron mesh plankton net of 0.5 or 1 meter 
diameter. 

Large mesh (5OS;micron) plankton nets with large mouths (0.5-l m) are usually towed behind a boat, 
although they can be anchored in a current. In order to obtain comparable data for different times 
and locations, similar quantities of water need to be filtered. This is generally assured by using flow 
meters to measure the quantity of water passing through the nets. For density estimates, flow meters 
are mandatory. 

Samples should be preserved with 10% formalin and placed in labeled vials. Sampling procedures are 
similar to those described for zooplankton. 

Phytoplankton , 

Phytoplankton are aquatic plarits that can occur as unicellular, colonial or filamentous forms. They 
are a primary food source for herbivorous zooplankton and fish. Typical sampling gear consists of 
either bottles (Kemerer, Van Dorn, Niskin or Nansen) or net sampling which is either towed through 
the water or water is pumped through. Nets can be used to selectively sample nanoplankton 
(<60 urn) or microplankton (< 10 urn). Samples may be preserved with buffered formalin 
(40ml/lOOmI of sample) merthiolate (36ml/ll of sample) or 95% alcohol (SO/SO mix of alcohol and 
sample). 

I 
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5.8.3 PeriDhvton 

Two standard procedures are available for documenting occurrence and estimating abundance of 
periphyton. If information on natural substrate is required, scrape periphyton off representative 
natural substrates such as rocks or logs, and place the collection in a sample vial with preservative. 
Sampling of natural substrates provides a more complete inventory of species occurrence and can be 
quantified by selecting replicate rocks from each station and scraping measured areas. 

For situations where in-situ scraping may be precluded by health and safety constraints, or more 
rigorously quantifiable estimates of abundance may be required, artificial substrates can be 
employed. These usually consist of racks of microscope slides held on edge with the long axis parallel 
to the current. Such arrays are anchored in the water for periods of 1-3 months, depending on study 
objectives. 

Substrates (either natural or artificial) are preserved in 3-S% buffered formalin. Each individual 
substrate is preserved in its own labeled vial. Substrates to be used for dry weight analysis do not 
have preservatives added. Vials should be of a size that will keep the slides from being scraped or 
bumped in transport. 

5.8.4 Macronhvtrf 

Macrophytes, (large aquatic plants) are important to any aquatic system as food, substrate for algae 
and invertebrates, and fish habitat. Mapping of large areas can be most efficiently done using aerial 
photographs. After delineation of macrophyte beds on the photographs, the areas should be verified 
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in the field. Spatial extent of the beds can then be determined using a planimeter. For smaller sites, 
the beds can be surveyed in the field. 

5.8.5 - Fish 

Fish comprise an obvious and important part of the food chain for human beings as well as ,for 
wildlife such as waterfowl. The principal methods for sampling fish at hazardous waste sites will 
probably be seines, electroshocking, and gill netting. 

Seines 

Seine nets vary in length from 8 to 2,000 feet and in depth from 4 to 200 feet. The smaller seines (haul 
seines) are most frequently used for biological sampling in shallow water. Haul seines usually have a 
pole at each end and are drawn through the water by two people. Use of anything larger than 
20 feet by 4 feet is not expected to be needed or practical at hazardous waste sites. 

Entire reaches of streams can be sampled with a seine. One end of the seine is pulled along one shore 
while the other end is pulled (usually in the direction against the current) in a parallel fashion along 
the opposite shore. After a predetermined distance one end of the seine is worked to the opposite , 
shore and the two ends beached. 

Seining can also be employed to sample the shallow zones along lake, estuary, or stream banks. The 
technique is much the same as that described above except that one end is worked near shore and the 
other in deeper water. The offshore end should be slightly ahead of the nearshore end forming a 
“1.” After a standard distance (25 feet is frequently used) to ensure comparability of different hauls 
(i.e., similar volumes of water scooped), the seine is beached. 

Once beached, all fish in the net should be identified, counted, and measured (total length). If 
appropriate, reference specimens should be retained. 

Haul seines are limited to use in water no more than waist deep. A clear shore for beaching should be 
chosen in advance. While seining the bottom the lead line should never come off the bottom and the 
float line should never go under the water. Substrate obstructions allow fish to escape under the net. 
Soft substrates allow the lead line to dig into the bottom making sampling difficult. Haul seines are 
selective for small, less mobile;fish. 

Electrorhocking 

Electrofishing is used in freshwater sampling and can provide specimens for obtaining data on species 
composition, relative abundance, size distribution, or tissue chemistry. 

Electroshocking involves producing an electric field between two electrodes immersed and placed in 
a water well or bucket in the water. Any fish entering the field are stunned which causes them to be 
captured with dipnets. After sampling, the fish should be measured, weighed, and identified or 
preserved in labeled bottles. 

There are essentially two types of electrofishing equipment -those using AC current and those using 
DC current. With DC current fish are attracted to the anode, facilitating recovery by the sampler. The 
field produced using AC current has a larger effective range, but fish may be lost in turbid or SW& 
waters, since they will not be attracted to the electrode. In addition there is a greater chance of 
killing the fish using AC. 
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If electrofishing by boat, move downstream at slow speeds especially when sampling deep poo’ls or 
runs. Sample all habitats including bank areas. One person operates the boat and equipment, while 
another collects stunned fish from the bow of the boat with a net. Efficiency may be increased by 
having a second boat follow the electrofishing boat, to net any fish out of reach of the first. 

If electrofishing on foot, the sampler wades upstream, taking care to sample all habitats. A second 
person follows to help net, carry the catch, or carry the cathode. 

The electric current generated by shocking equipment (particularly AC devices) can cause serious 
injury to the user if safety precautions are not rigorously followed. Before field use, the investigator 
should become thoroughly familiar with the equipment manufacturer’s instructions. Only devices 
with automatic cut-off (dead-man) switches should be used. Electroshocking crews should comprise 
three people, two samplers and an observer. Crew members entering the water or positioned on a 
boat must wear rubber boots and gloves. At least one member of the crew should be trained in First 
Aid and CPR (Cardiopulmonary Resuscitation). 

Gill Nets 

Gill nets are used in marine, estuarine and freshwater environments where fish movement is , 
expected. Experimental gill nets typically measure 40 m in length and consist of a graded series of 
(five) 8 m panels with mesh sizes ranging from 19 mm to 62 mm square. Nets are set for a prescribed 
period of time (i.e., 24hours). Captured fish are identified, enumerated, measured and weighed. 
(For onsite work, these nets should be considered expendable.) 

Trawling 

Trawls are nets used for sampling large deep water bodies, which may be present adjacent to a 
hazardous waste site. There are three basic trawl types: Try (permanent opening), otter (for 
demersel species), and mid-water (for various depths). Trawls are towed behind a boat against the 
prevailing surface current at a consistent speed and duration. Winches and booms are generallly 
needed to deploy and retrieve the nets. When retrieved, the cod end is opened and captured fish are 
identified, enumerated, measured, and weighed. 

5.9 EQUIPMENT DECONTAMINATION, MAINTENANCE AND STORAGE 

Proper decontamination, maintenance and storage procedures should be followed. 

6.0 REFERENCES 

American Public Health Association. 1981. Standard Method& 15th Edition. American Public Health 
Association, Washington, D.C. 

U.S. EPA, 1973. Bioloaical Field and Laboratorv Methods for Measurina the Oualitv of Surface Waters 
and Effluents. (C.I. Wever, editor). U.S. EPA, Cincinnati, Ohio. 

7.0 AITACH MENTS 

Attachment A - General Field Survey Data Sheets (3 Sheets) 
Attachment B - Detailed Field Survey Data Sheet 
Attachment C - Quantitative Study Data Sheets (2 sheets) 
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1.0 PURPOSE 

The purpose of this procedure is to present methodologies for surveying and sampling terrestrial 
vegetationand wildlife at hazardous waste sites. 

2.0 SCOPE 

The methodologies described in this procedure are appropriate for: identifying perturbations of 
terrestrial ecological communities which potentially relate to hazardous waste contamination; 
identifying potential transport mechanisms and food chain linkages for substances of public health 
concern; and providing the input to evaluate the feasibility and risks of remedial design alternatives. 
Methodologies presented herein cannot be assumed appropriate for all sites, because of site-specific 
health and safety constraints. 

3.0 GLOSSARY 

Community - Populations of plant and animal species which occur together over a given area. 

Food Chain - The various pat,hways involved in transfer of food substances from the abiotic ’ 
environment or from one organism or group of organisms to another organism or group of 
organisms. ,““““’ 

Transoort Mechanisms - The processes by which energy or substances move from one location to 
another. Can also refer to movement within an organism. 

Wetlands - Areas of open shallow water or land vegetated by assemblages of plant species adapted to 
standing water, saturated soil or regular flooding.... Methodological definition is presented in the 
January 10, 19B9 “Federal Manual for Identifying and Delineating Jurisdictional Wetlands.” 

4.0 RESPONSMJTIES 

Site Manaaer - Responsible for ensuring that project-specific plans are reviewed by a qualified 
ecologist and the site Health and Safety Officer, and that plans and their implementation are in 
compliance with this guideline. 

Proiect Bioloaist - Responsible for developing and implementing the sampling program, and 
interpreting the results of the program. 

5.0 PROCEDURES 

5.1 PROGRAM DESIGN 

The site-specific terrestrial ecology field program will be part of the Field Sampling and Analysis Plan 
and should be designed after the following tasks have been completed: 

l Determination by the Site Manager and project ecologist of the objectives of ecological 
field investigations; 

l Review and analysis of all available site-specific information; and 

l Consultation with the site Health and Safety Officer (HSO). 



Suqect Numoer Page 
SA-4.2 3 of1 1 

. ..I., TERRESTRIAL ECOLOGICAL INVENTORY ,,1 Revwon Effectwe Date 
AND SAMPLING 1 0 s/04/90 

The objectives of most terrestrial ecology studies for hazardous waste site investigations can be met 
with utilization of available information and qualitative methodologies comprising a General Field 
Survey. In these instances, program design can be accomplished by the field biologist with review by 
the project ecologist and the HSO. 

At those sites where quantitative information or sample collection is deemed necessary, the field 
program should be designed with input from a statistician. This is required not only to ensure 
usefulness of data collected, but also to minimize time spent in the field. 

5.2 DATA RECORDING *- 

Standard terrestrial ecology field data sheets (Attachment A identifies the types of forms needed to 
conduct quantitative plant sampling) should be used for General Field Surveys. In some instances 
(e.g., high winds or dense understory vegetation), compact bound water-resistant notebooks may be 
more appropriate. One page of each notebook should list all the information required to be 
recorded at each sampling or observation station, for reference while in the field. 

Some investigations may require specially-designed data forms. These should include’the following, 
at a minimum: 

l EPA Project Number, Site Name, and Location; 
a Date and Time; 
l Recorder (Investigator); 
a Station location; 
l Sample description and/or sample number, as appropriate; 
e Weather conditions; and 
l Record of any photographs taken. 

5.3 PRE-FIELD INVESTlGATlON ANALYSES 

Prior to the field effort, all relevant available information should be reviewed. This phase is 
particularly important for hazardous waste site studies because typically employed field accessories 
such as binoculars, camera and field keys are difficult to use at sites of level C, B or A. At many sites, 
the quality and quantity of information obtained will be limited by the investigator’s ability to 
identify plant and wildlife habitat features through a respirator mask. Hence, the pre-field 
investigation’should include the following: 

l Preliminary map or a listing of vegetation community types or wildlife habitat types likely 
to be encountered. 

l Location of known important habitats or communities (e.g., wetlands, extensive 
undisturbed natural areas, and habitat for game species); and 

l Access routes (paths, trails accommodating all terrain vehicles, etc.) as well as emergency 
egress routes and safety stations. 

D334901 
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Sources of information to be sought and consulted should include, but are not limrted to, the 
following: 

0 Aerial photography; 

l USGS topographic maps; 

l USGS County soil survey; 

l Historic& flood records and loo-year flood insurance maps; 
-. 

l State wetland maps; 

o Observations and photographs obtained by previous investigators (e.g., FIT team or site 
reconnaissance survey); 

. 
l County extension agents for wildlife and forestry data; 

l State field biologists; , 

l Published literature on natural vegetation (e.g., Kuchler, 1964; Eyre, 1980; Braun, 1950); 
and 

l State or federal endangered species specialists where appropriate. 

5.4 GENERAL FIELD SURVEY 

The General Field Survey comprises a series of observations and measurements recorded at plots 
located to achieve a representative sampling of the site and coverage of any known important areas. 
Standard quantitative data sheets (see Attachment A) should be compacted at each plot location; 
however, if time and cost is of a concern, then a qualitative study using site characterization sheets 
(Attachment B) may be an option. 

Vegetation observations should include a listing of characteristic species by strata: 

l Lower stratum includes dominant herbaceous species and those woody plants SO cm (knee- 
high) or less high; 

l Middle stratum includes woody plants higher than SO cm and of stem diameter less than 
2.5 cm; 

l Lower canopy stratum includes woody plants with stems of diameter ranging from (2.5 cm 
to 10 cm) 1 inch to 4 inches at chest height; and 

l Upper canopy stratum includes trees with stem.diameter greater than 10 cm (4 inches). 

Emphasis is on plant species which, because of their abundance appear to define a community type; 
are potentially part of the human food chain (e.g., berries and nuts); or are consumed by game 
species. Wetland communities warrant greater detail because they can constitute important wildlife 
habitat, particularly for waterfowl, and are likely sinks for water-borne contaminants. At a minimum, 
the field investigator should record sufficient data for applying in a qualitative manner the “Federal 
Manual for Identifying and Delineating Jurisdictional Wetlands.” 
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Observations relating to wildlife may also be recorded. In addition to actual sightings, observations 
includes tracks, dens, nests, scat, browsing signs, etc. Particular attention should be accorded to game 
species, which can constitute a link between contaminants arid the human food chain. Important 
classes of game species to be considered include waterfowl, mourning dove, upland game birds, deer, 
rabbit and squirrel. Waterfowl, are of particular concern at hazardous waste sites since they can be 
abundant, are mobile, utilize wetland habitats serving as contaminant sinks, and can be heavily 
harvested for human consumption. 

Observations of perturbations are important for interpreting cycling processes and identifying 
potential transport mechanisms. Typical observations of stress include: 

l Bare soil resulting from erosion, flooding, vehicular use or toxicity; 
l Occurrence of contaminant residues; 
l Construction and other human induced disturbances; 
l Fire; 
l Heavy grazing or browsing; 
l Unexplained mortality (e.g., standing dead tree boles); and 
l Insect and disease damage 

An inventory of selected areas adjacent to the site can greatly improve the usefulness of the General 
Field Survey. In some instances, off-site areas will supporT the same kinds of ecosystem occurring on- 
site, but in less disturbed states. Comparison of off-site with on-site ecosystems may provide some 
indication of the nature and degree of any on-site stresses. It is also important to identify and 
characterize possible off-site ecosystems that may serve as receptors for air-borne or water-borne 
contaminants originating on-site. An inventory of productive wildlife habitat in the region 
surrounding the site can provide a better estimate of potential wildlife usage of on-site areas by 
mobile species. 

5.5 SPEUAL INVESTlGATlONS 

At some hazardous waste sites it may be necessary to quantitatively estimate abundance of plant or 
animal species, or collect samples for chemical analysis. For these objectives, methodologies may have 
to meet statistical criteria as well as the site-specific health and safety considerations. Methodologies 
described below are standard, but not necessarily appropriate for all sites because of health and 
safety constraints. Selection of appropriate methodologies for quantitative studies at a particular site 
must include the involvement of an ecologist, statistician and health and safety specialist. 

5.5.1 

Vegetation 

Vegetation abundance may be measured in terms of stem density or cover. These measurements are 
obtained from nested plots, or quadrats; smaller-sized plots, used to sample the lower and middle 
strata, are contained (“nested”) within larger plots used for sampling lower and upper canopy plants. 
Quadrat and nested sub-plot size may vary with sampling objectives. 

Stem density is obtained by counting number of stems per plot. Cover is the percent of ground 
shaded by all the individuals of one species with the sun directly overhqad, and may be estimated by 
eye to the nearest percent. Where more precise measures of cover of herbaceous and low shrubs is 
required, the point-frequency and line-intercept methods, respectively, may be considered. 
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Plots are regularly spaced along transects. Number of transects and number of plots will depend on 
floral diversity and objectives of program. Sampling adequacy can be based on species-area curves. 

Wildlife 

Determination of wildlife species occurrence and estimation of density require special techniques 
depending on species of interest, season, and site features. Standard methods for detecting presence 
of secretive species include, but are not limited to, the following: 

0 Live and snap trapping (small mammals); 
l Pit trapping (small mammals, reptiles, and-amphibians); 
0 Spot-light surveys (nocturnal species); 
e Tape recordings and call counts (amphibians and birds); 
0 Mist netting (birds and bats); 
l Berlese or Tullgren funnels (soil invertebrates); and 
l Sweep netting (insects). 

Use of most of these techniques is discussed in Schemnitr, (1980). For information on use of funnels 
for sampling soil invertebrates, consult Bender etal. (1972), and on sweep netting and insect, 
sampling in general, consult Menhinick (1963) and Southwood (1966). 

Traps should be set at roughly regular intervals along survey lines located in each of the habitat types 
to be sampled. Spacing and number of traps will depend on species, territory size, trapping 
efficiency, program objectives, and investigator’s knowledge of species-specific behavior patterns. 
Spotlight searches and the playing of sound recordings are conducted at regular intervals along 
survey lines, with consideration for territory size and individual species behavior. Mist nets are 
located in areas likely to intercept low-flying birds; and likely locales can be selected based on 
feeding habits and site habitat features. 

‘For most species, standard quantitative measures of wildlife density involve total counts, sample 
counts or mark-and-recapture. Assumptions and formulae for estimating population densities from 
these techniques are presented in Wildlife Management Techniques (Schemnitt, 1980), and White 
et al. (1982). Density estimates are time-specific, as populations of most animals fluctuate greatly 
from season-to-season and year-to-year. 

5.52 Collectina Swcimonr for Chrmiurl Analvris 

The objectives of collecting plant and animal specimen for chemical analyses are to (1) identify 
occurrence of elevated concentrations of potential contaminants, (2) identify gradients of 
contaminant concentration, and/or (3) quantitativcly’determine concentrations in particular target 
species. For the latter two objectives a statistical approach will have to be developed to determine 
number of samples per tissue type, species, location, etc. 

Selection of species for chemical analysis vvill depend on the program objectives, nature of suspected 
contaminants, and ecosystems occurring on-site. In most instances, species selected will either be a 
possible component of the human food chain, or a known bioaccumulator of the contaminant(s) of 
concern. 

In developing a sampling plan and while collecting plant specimens, a number of factors have to be 
considered which influence concentrations of substances in vegetation. Concentrations may vary 
with height above ground, distance from plant perimeter, species, and plant tissue (e.g., leaf, root, 
current year stem, old growth stem and fruit). Many substances are relatively immobile in plants, 
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tending to accumulate at exterior surfaces where concentrations may be affected by rainfall washing 
and leaching. Soil factors can greatly influence substance availability for plant uptake and thus tissue 
concentrations. 

After sampling design has been determined, consult with the analytical laboratory for proper 
containers and storage procedures. For most sampling efforts, zip-lock plastic bags will be adequate. 
Animal specimen should be stored in refrigerated containers and then frozen until laboratory 
analysis. 
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Attachment A - Typical Terrestrial Ecology Field Data Sheet 
Attachment B - Site Characterization 
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ATTACHMENT A 

TYPICAL TERRESTRIAL ECOLOGY FIELD DATA SHEET 

I 

SITE: 

INVESTIGATO,R: I_ DATE: 

SAMPLING LOCATE OR TRANSECT: 

PLOT: 

REVIEWED: 

EACH QUANTITATIVE PLANT SAMPLING FORM SHOULD FEATURE ONE OF THE 
FOLLOWING: 

l Upper Canopy (stem diameter > 10 cm): Listing at a minimum each individual 
by species and DBH (diameter at breast height) 

l Lower Canopy (2.5 cm < stem diameter < 10 cm): Listing at a minimum each 
individual by species and DBH 

l Middle Stratum (Height > 50 cm and stem diameter < 2.5 cm and woody vines): 
Listing at a minimum each species and percent cover. 

Lower Stratum (all herbs; woody spp..< 50 cm tall): Listing at a minimum each 
species and percent cover. 

NOTING: 

o Terrain features 
.a Disturbances 
l Wildlife Observations 
l Wetlands 
l Etcetera 

D334901 
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AlTACHMENT B 

SITE CHARACTERIZATION . 

1. 

2. Topography and Soils: 

General Information: 
Site ID Number: 
County: 
Section: 
Watershed : 
Date: 
Observers: 
Air Photo Reference : 
Photographs Taken: 

. . 

Elevation: 
Slope Position: 
Soils: 

Slope Percent: 
Aspect: 

3. Vegetation (Cover Classas( 

Tree Stratum Shrub Stratum Herb Stratum 
. 

Cover (%): 1 
Cover Type: 1 
Association: 

Average Height Dominants: 
7 

Average DBH Dominants: 

Species Composition and Abundance: 
1 

1 
1. 

2. 
r 

3. 
I 

4. 
I . 

5. 

6. 
1 

7. 
* 

8. 

9. 
I 

10. 

11. 
I 

12. 
I 

13. 
. 

14. 
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ATlACHMENT B 
SITE CHARACTERIZATION 
PAGE TWO 

3. Vegetation (Cover Classes(l)) (CONTINUED): 

Tree Stratum Shrub Stratum Herb Stratum 
b I ‘. 

Cover (%): 
Cover Type : 

Association: 

Average Height Dominants: r 
Average D8H Dominants: 
Species Composition and Abundance: I . I 

1s. 

18. 

(1) Cover classes(midpoints): T < 1% none; 1 = l-S% (3.0); 2 x 6-15% (10.5); 3 t 16-2544 
(20.5); 4 = 2650% (38.0); 5 = Sl-75% (63.0); 6 = 76-95% (85.5); 7 L 96.100% (98.0). 

4. Wildlife: 
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1.0 PURPOSE 

This purpose of this procedure is to provide information on chain-of-custody procedures to be used 
under the NUS Program. 

2.0 SCOPE 

This procedure describes the steps necessary for transferring samples through the use of Chain-of- 
Custody Records. A Chain-of-Custody Record is required, without exception, for the tracking and 
recording of all samples collected for on-site or off-site analysis (chemical or geotechnical) during 
program activities. Use of the Chain-of-Custody Record Form creates an accurate written record that 
can be used to trace the possession and handling of the sample from the moment of its collection 
through analysis and its introduction as evidence. This procedure identifies the necessary custody 
records and describes their completion. 

This procedure does not take precedence over region-specific or site-specific requirements for chain- 
of-custody. 

3.0 GLOSSARY 

Chain-of-Custodv Record Form - A Chain-of-Custody Record Form is a printed twepart form that 
accompanies a sample or group of samples as custody of the sample(s) is transferred from one 
custodian to another custodian. A Chain-of-Custody Record Form is a controlled document, provided 
by the regional office of EPA. 

The chain-of-custody form is a two-page carbon-copy type form. The original form accompanies the 
samples during shipment, and the pink carbon-copy is retained in the project file. 

Controlled Document - A consecutively-numbered form released by EPA or Program Management 
Office (PMO) for use on a particular work assignment. All unused forms must be returned or 
accounted for at the conclusion of the assignment. 

Custodian - The person responsible for the custody of samples at a particular time, until custody is 
transferred to another person (and so documented), who then becomes custodian. A sample is under 
your custody if: 

0 It is in your actual possession. 
l It is in your view, after being in your physical possession. 
l It was in your physical possession and then you locked it up to prevent tampering. 
l It is in a designated and identified secure area. 

SampIg - A sample is physical evidence collected from a facility or the environment, which is 
representative of conditions at the point and time that it was collected. 
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4.0 RESPONSIBILITIES 

Field Operations Leader - Responsible for determining that chain-of-custody procedures are 
implemented up to and including release to the shipper. 

Field Samtilers - Responsible for initiating the Chain-of-Custody Record and maintaining custody of 
samples until they are relinquished to another custodian, to the shipper, or to the common carrier. 

Remedial Investiqation Leader - Responsible for determining that chain-of-custody procedures have 
been met by the sample shipper and analytical laboratory. 

*. 
5.0 PROCEDURES 

5.1 OVERVIEW 

The term “chain-of-custody” refers to procedures which ensure that evidence presented in a court of 
law is what it is represented to be. The chain-of-custody procedures track the evidence from the time 
and place it is first obtained to the courtroom and, secondly, provide security for the evidence as it is 
moved and/or passes from the custody of one individual to another. 

Chain-of-custody procedures, recordkeeping, and documentation are an important part of the 
management control of samples. Regulatory agencies must be able to provide the chain of 
possession and custody of any samples that are offered for evidence, or that form the basis of 
analytical test results introduced as evidence. Written procedures must be available and followed 
when~ever evidence samples are collected, transferred, stored, analyzed, or destroyed. 

5.2 SAMPLE lDENTiflCAllON p$EE. tiokK%hl AtJD Q&pp] 

The method of identification of the type of measurement or analysis 
performed. When in-situ measurem are recorded directly in bound logbooks 
or other field data records, with iden 

5.2.1 SamDIe Label 

Samples, other than in-situ measurements, a 
a laboratory or other location for analysis. 
portions, depending upon the analyses to 
with the Sampling Plan. Each sample coma 
Sample labels are provided by the PMO. The i 

l Project: EPA Work Assignment Num 

l Station Location: The unique sa 
from the Sampling Plan). 

l Date: A six-digit number in 
e.g., 12/21/85. 

tied from the sample location to 
r, a sample is often divided into 

med. Each portion is preserved in accordance 
entified by a sample label (see Attachment B). 

n recorded on the sample label includes: 

obtained from the Sampling Plan). 

g this sample (can be obtained 

onth, and year of sample collection; 

l Time: A four-digit numbe 
9:54 a.m., and 1629 is 

rcating the 24-hour of collection (for example: 0954 IS 

l Medium: Water, soil, s 
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Concentration: T xpected concentration (i.e., I 

Sample Type: Grab 

Preservation: Type of p rvation added an 

Analysis: WOA, BNAs, PC6 

Sampled By: Printed name o 

Case Number: Case number assi the Sample Management Office. 

fraff ic Report Number: Number cd from the traffic report labels. 

Remarks: Any pertinent additi 

Using just the work assignment numbe 

/ 

of the sam e label 
54 

maintains the anonymity of sites. This 
may be necessary, even to the extent o preventing th aboratory performing analysis from knowing 
the identity of the site (e.g., if the la ratory is part of an organization that has performed previous 
work on the site). 

5.2.2 kmule Identification Taq pie- WhPPJ 

A Sample Identification T r samples collected for CLP (Contract 
Laboratory Program) an is a w’ 1, waterproof paper label, 
approximately 3-by-6 inc or attachment to the neck 
of the sample bottle. Th Tag is a controlled,.d lvided by the regional EPA 
office. Following sample an the Sample Tag is retai story as evidence of sample 
receipt and analysis. 

The following information is reco 

l Project Code: Work Assi 

0 Station Number:: The m 
hyphens). 

f the Station Location Number, (between the 

l Month/Day/Year: Same as D 

l Time: Samea 

l Designate - ComplCrab: Co 

0 Station Location:: Same as 

l Samplers: Same as Sam 

0 Preservative: Yes or 

l Analyses: Ch 

tion on Sample Label. 
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l Remarks: Same as Remarks 
Report numbers are recorded). 

sure the Case Number and Traffic 

l Lab Sample Number: For 

The tag is then tied around the neck 

If the sample is to be split, it is al 
completed on the label attached to 

ontainers. Identical information is 

Blank, duplicate, or field spike sa 
compromise the quality control fu 
Procedure SA-6.6. 

ntified as such on the label, as they may 
tes, spikes, and splits are defined in 

5.3 CHAIN-OF-CUSTODY PROCEDURES 

After collection, separation, identification, and preservation, the sample is maintained under 
chain-of-custody procedures until it is in the custody of the analytical laboratory and has been stored 
or disposed of. 

5.3.1 Field Custodv Procedur@ 

l Samples are collected as described in the site-specific Sampling Plan. Care must be taken to 
record preci ple number on the label 
matches the 

l The person undertaking the actual sampling in the field is responsible for the care and 
custody of the samples collected until they are properly transferred or dispatched. 

l When photographs are taken of ing as part of the do procedure, the 
name of the photographer, da site location, and s ion are entered 
sequentially in the site logbook are taken. Once de the photographic 
prints shall be serially numbered, ding to the logbook 

l Sample labels shall be completed for each sample, using waterproof ink unless prohibited 
by weather conditions, e.g., a logbook notation would explain that a pencil was used to fill 
out the sample label because a ballpoint pen would not function in freezing weather. 

5.3.2 Transfer of Curt& and ShiPmenj 
bee A0 QAfT] 

Samples are accompanied by a Chain-of-Custody Record Form. C 

1. When transferring the possession of samples, the individuals 
relinquishing and receiving will sign, date, and note the time on the Record. This Record documents 
sample custody transfer from the sampler, often through another person, to the analyst in the 
laboratory. The Chain-of-Custody Record is filled out as follows: 

l Enter header information (project number, samplers, and project name - project name can 
be obtained from the Sampling Plan). 

l Sign, date, and enter the time under YReIinquished by” entry. 

Numoer Page 
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l Enter station number (the station number is the middle portion of the station location 
number, between the hyphens). 

l Check composite or grab sample. 

l Enter station location number (the same numoer as the station location on the tag and 
label). 

l Enter the total number of containers per station number and the type of each bottle. 

(. FF ilU,# 
Cer In tne remat& column. 

. . . 
9 =n+sr 

Make sure that the person receiving the sample signs the “Received by” entry, or enter the 
name of the carrier (e.g., UPS, Federal Express) under “Received by.” Receiving laboratory 
will sign “Recenred for Laboratory by” on the lower line and enter the date and time. 

Enter the bill-of-lading or Federal Express airbill number under “Remarks,” in the bottom 
right corner, if appropriate. 

Place the original (top, signed copy) of the Chain-of-Custody Record Form in the 

appropriate sample shipping package. Retain the pink copy with field records. 

Sign and date the custody seal, a l- by 3-inch white paper label with black lettering and an 
adhesive backing. Attachment G is an example of a custody seal. The custody seal is part of 
the chain-of-custody process and is used to prevent tampering with samples after they have 
been collected in the field. t 

Place the seal across the shipping container opening so that it would be broken if the 

container is opened. 

Complete other carrier-required shipping papers. 

The custody record is completed using black waterproof ink. Any corrections are made by drawing a 
line through and initialing and dating the change, then entering the correct information. Erasures 
are not permitted. 

Common carriers will usualSly not accept responsibility for handling Chain-of-Custody Record Forms; 
this necessitates packing the record in the sample container (enclosed with other documentation in a 
plastic zip-lock bag). As long as custody forms are sealed inside the sample container and the custody 
seals are intact, commercial carriers are not required to sign off on the custody form. 

If sent by mail, the package will be registered with return receipt requested. If sent by common 
carrier or air freight, proper documentation must be maintained. 

The laboratory representative who accepts the incoming sample shipment signs and dates the 

Chain-of-Custody Record, completing the sample transfer process. It is then the laboratory’s 
responsibility to maintain internal logbooks and custody records throughout sample preparation and 
analysis. 
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5.3.3 

Whenever samples are split with 

Samples Record Form is prepared for 
are being split. The person relinquis 
signature of a representative of the ap 
representative is unavailable or refuses 
appropriate, as in the case w.here the rep 
statement that the samples were delive 
form must be completed and a copy 

offer for split samples is declined. The 

overnment agency, a separate Receipt for 

marked to indicate with whom the sam,ples 
s to the party or agency shall require the 
acknowledging receipt of the samples. If a 

this is noted in the “Received by” space. When 
is unavailable, the custody record shall contain a 

‘gnated location at the designated time. This 

r, operator, or agent-in-charge even if the 

by the Field Operations Leader. 

6.0 REFERENCES 

U.S. EPA, 1984. User’s Guide to the Contract Laboratory Program, Office of Emergency and Remedial 

Response, Washington, D.C. 

7.0 ATTACHMENTS 

Attachment A - Chain-of-Custody Record Form for use in Region I 
Attachment B - Chain-of-Custody Record Form for use in Region II 
Attachment C - Chain-of-Custody Record Form for use in Region III 
Attachment D - Chain-of-Custody Record Form for use in Region IV 
Attachment E - Sample Label 
Attachment F - Sample Identification Tag 
Attachment G - Chain-of-Custody Seal 
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1.0 PURPOSE 

This procedure provides instruction for sample packaging and shipping in accordance with 

U.S. Department of Transportation (DOT) regulations. 

2.0 SCOPE 

Samples collected at hazardous waste sites usually have to be transported elsewhere for analysis. This 
requires that the samples be appropriately preserved to prevent or minimize chemical alteration prior 
to analysis, and be transported to protect their integcty, as well as to protect against any detrimental 
effects from leakage or breakage. Regulations for packaging, marking, labeling, and shipping 
hazardous materials and wastes are promulgated by the U.S. Department of Transportltion and 
described in the Code of Federal Regulations (49 CFR 171 through 177, in particular 172.402h, 
Packages Containing Samples). In general, these regulations were not intended to cover shipment of 
samples collected at controlled or uncontrolled hazardous waste sites or samples collected during 
emergency responses. However, the EPA has’ agreed through a memorandum of agreement to 
package, mark, label, and ship samples observing DOT procedures. The information presented here is 
for general guidance. 

This procedure is applicable to all samples taken from uncontrolled hazardous substance sites for 
analysis at laboratories away from the site. 

3.0 GLOSSARY 

Carrier - A person or firm engaged in the transportation of passengers or property. 

Hazardous Material -A substance or material in a quantity and form which may pose an unreasonable 
risk to health and safety or property when transported in commerce (“commerce” here to include any 
traffic or transportation). Defined and regulated by DOT (49 CFR 173.2) and listed in Attachment A of 
this guideline. 

Hazardous Waste - Any substance listed in 40 CFR Subpart D (~261.20 et seq) or otherwise 
characterized as ignitable,. corrosive, reactive, or EP toxic as specified under 40CFR Subpart C 
(~261.20 et seq) that would be subject to manifest requirements specified in 40 CFR 262. Defined 
and regulated by EPA. 

Marking - Applying the descriptive name, instruction, cautions, weight, or specification marks or 
combination thereof required to be placed outside containers of hazardous materials. 

& - Not otherwise indicated. 

~.o.s. - Not otherwise specified. 

Q&l - Other regulated material. 

Packaainq - The assembly of one or more containers and any other components necessary to assure 
compliance with the minimum packaging requirements of 49CFR 174, including containers (other 
than freight containers or overpacks), portable tanks, cargo tanks, tank cars, multiunit tank car tanks. 

Placard - Color-coded, pictorial sign depicting the hazard class symbol and name to be placed on all 
four sidesof a vehicle transporting certain hazardous materials. 
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RePortable Duantitv (ROJ - A parenthetical note of the form “(RQ-10001454)” following an entry in 

the DOT Hazardous Materials table (49 CFR 172.101) indicates the reportable quantity of the 
substance in pounds and kilograms. If a spill of that amount or more of the substance occurs during 
transit or storage, a report must be filed with DOT according to y171.15-15 concerning hazardous 
materials i’ncidents reports. If the material spilled is a hazardous waste, a report must always be filed, 

regardless of the amount, and must include a copy of the manifest. If the RQ notation appears, it 

must be shown either immediately before or after the proper shipping name on the shipping paper 
(or manifest). Most shipping papers and manifests will have a column designated “HM” which may 
be used for this purpose. 

4.0 RESPONSIBILITIES 

Field Operations Leader or Team Samolina Leader - responsible for determining that samples are 
properly packaged and shipped. 

Samplina Personnel - responsible for implementing the packaging and shipping requirements. 

5.0 PROCEDURES 

5.1 lNl’RODUCflON 

Samples collected for shipment from a site shall be classified as either environmental or hazardous 
material (or waste) samples. In general, environmental samples are collected off-site (for example 
from streams, ponds, or wells) and are not expected to be grossly contaminated with high levels of 

hazardous materials. On-site samples (for example, soil, water, and materials from drums or bulk 

storage tanks, obviously contaminated ponds, lagoons, pools, and leachates from hazardous waste 
sites) are considered hazardous. A distinction must be made between the two types of samples in 
order to: 

l Determine appropriate procedures for transportation of samples. If there is any doubt, a 
sample shall be considered hazardous and shipped accordingly. 

Number Page 
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l Protect the health and safety of laboratory personnel receiving the samples. Special 
precautions are used at laboratories when samples other than environmental samples are 
received. 

5.2 ENVIRONMENTAL SAMPLES 

5.2.1 Packaainq 

Environmental samples may be packaged following the procedures outlined in Section 5.4 for 
samples classified as “flammable liquids” or “flammable solids.” Requirements for marking, labeling, 
and shipping papers do not apply. 

Environmental samples may also be packed without Ming placed inside metal cans as required for 
flammable liquids or solids. 
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l Place sample container, properly identified and with a sealed lid, in a polyethylene bag, 
and seal the bag. 

l Place sample in a fiberboard container or metal picnic cooler which has been lined with a 
large polyethylene bag. 

l Pack with enough noncombustible, absorbent, cushioning materials to minimize the 
possibility of the container breaking. 

l Seal large bag. 

l Seal or close outside container. 

5.2.2 Msrkina Labeling 

Sample containers must have a completed sample identification tag and the outside container must 
be marked “Environmental Sample.” The appropriate side of the container must be marked “This 
End Up” and arrows placed appropriately. No DOT marking or labeling are required. 

5.2.3 ShiDDina Pawn 

No DOT shipping papers are required. However, the appropriate chain-of-custody forms must be 
included with the shipment. 

5.2.4 Transoomtion 

There are no DOT restrictions on mode of transportation. 

5.3 DETERMINATION Of SHIPPING CLASSIFICATION FOR HAZARDOUS MATERIAL SAMPLES 

Samples not determined to be environmental samples, or samples known or expected to contain 
hazardous materials, must be considered hazardous material samples and transported according to 
the requirements listed below. 

5.3.1 Known Substancts 

If the substance in tht sampleis known or can bt identified, package, mark, label and ship according 
to the sptcific instructions for that material (if it is listed) in the DOT Hazardous Materials Table, 
49CFR 172.101. 

Unz and Company have published the following steps to help in locating a proptr shipping name 
from the Hazardous Materials Table, 49 CFR 172.101. 

1. Look first for the chemical or technical name of the material, for example, ethyl alcohol. 
Note that many chemicals have mart than one technical name, for example, 
perchloroethylene {not listed in 172.101) is also called tetrachloroethylene (listed 172.101). 
It may be useful to consult a chemist for all possible technical names a material can have. If 
your material is not listed by its technical name then. . . . . . .’ 

, 

n22nanr 
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2. Look for the chemical family name. For example, pentyl alcohal is not listed but the 
chemical family name is: alcohol, n.o.s. (not otherwise sptcified). If the chemical family 
name is not listed then. . . . . . 

3. Look for a generic name based on end use. For example, Paint, no.5 or Fireworks, n.o.s. If 
.a generic name based on end use is not listed then. . . . . . . . . 

4. Look for a generic family name based on end use, for example, drugs, n.0.s. or cosmetics, 
n.o.s. Finally, if your material is not listed by a generic family name but you suspect or 
know the material is hazardous because it meets the definition of one or more hazardous 
classes, then. . . . . . . 

5. You will have to go the the general hazard class for a proper shipping name. For example, 
Flammable Liquid, n.o.s, or Oxidizer, n.o.s. 

5.3.2 Unknown Substances 

For samples of hazardous substances of unknown conttnt, select the appropriate transportation 
category according to the DOT Hazardous Materials Classification (Attachment A), a priority system of 
transportation categorits. 

The correct shipping classification for an unknown sample is selected through a process of 
elimination, utilizing Attachment A. Unless known or demonstrated othtrwise (through the use of 
radiation survey instruments), tht samplt is considered radioactive and appropriate shipping 
regulations for “radioactive material” followed. 

If a radioactive material is eliminated, the sample is considtred to contain “PoisonA” materials 
(Attachment B), the next classification on the list. DOT dtfines “Poison A” as extrtmely dangerous 
poisonous gases or liquids of such a naturt that a very small amount of gas, or vapor of the liquids, 
mixed with air is dangerous to lift. Most Poison A materials are gases or compressed gases and would 
not be found in drum-type containers. Liquid Poison A would be found only in closed containers; 
however,all samplts taken from closed drums do not have to be shipped as Poison A, which provides 
for a “worst case” situation. Based upon information available, a judgment must be made whether a 
sample from a closed container is a Poison A. 

If Poison A is eliminated as a shipment category, the next two classifications are “flammable” or 
“nonflammable” gases. Since few gas samples art collected, ‘flammable liquid” would be the next 
applicable category. With the elimination of radioactive material, Poison A, flammable gas, and 

nonflammable gas, the samplt can bt classified as flamrnablt liquid (or solid) and shipped 
accordingly. These procedures would also suffice for shipping any other samples classified below 
flammable liquids in tht DOT classification table (AttachmentA). For samples containing unknown 
mattrials, categories listed below flammqble liquids/solids on AttachmentA am generally not used 
because showing that these materials are not flammable liquids (or solids) requires flashpoint testing, 
which may be impractical and possibly dangerous at a site. Thus, unless the sample is known to 

consist of materials listed as less hazardous than flammable liquid (or solid) on Attachment A, it is 
considered a flammable liquid (or solid) and shipped as such. 

For any hazardous material shipment, utilize the shipping checklist (Attachment C) as a guideline to 

ensure that all sample-handling requirements are satisfied. 

0334901 
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5.4 PACKAGING AND SHIPPING OF SAMPLES CLASSIFIED AS FLAMMABLE LIQUID (OR SOLID) 

5.4.1 Packaainq 

Applying the word “flammable” to’a sample does not imply that it is in fact flammable. The word 
prescribes the class of packaging according to DOT regulations. 

1. 

2. 

3. 

4. 

5. 

Collect sample in the prescribed container with a nonmetallic, Teflon-lined screw cap. To 
prevent leakage, fill container no more than 90 percent full. 

Complete sample label and sample identification tag and attach securely to sample 
container. 

Seal container and place in 2-mil thick (or thicker) polyethylene bag, one sample per bag. 
Position sample identification tag so that it can be read through bag. Seal bag. 

Place sealed bag inside metal can and cushion it with enough noncombustible, absorbent 
material (for example, vermiculite or diatomaceous earth) between the bottom and sides 
of the can and bag to prevent breakage and absorb leakage. Pack one bag per can. Use 
clips, tape, or other positive means to hold can lid securely, tightly and permanently. Mark 
can as indicated in Paragraph 1 of Section 54.2, below. 

Place one or more metal cans (or single l-gallon bottle) into a strong outside container, 
such as a metal picnic cooler or a DOT-approved fiberboard box. Surround cans with 
noncombustible, absorbent cushioning materials for stability during transport. Mark 
container as indicated in Paragraph 2 of Section 5.4.2. 

5.4.2 MsrkinaAaWnq 

1. Use abbreviations only where specified. Place the following information, either hand- 
printed or in label form, on the metal can (or l-gallon bottle): 

0. Laboratory name and address. 

0 “Flammable Liquid, n.o.s. UN 1993” or o Flammable Solid, n.o.s. UN 1325.” 

Not otherwise specified (no.3 is not used if the flammable liquid (or solid) is identified. Then the 
name of the specific material is listed before the category (for example, Acetone, Flammable Liquid), 

followed by its appropriate UN number found in the DOT Hazardous Materials table (49 CFR 172.101). 

2. Place all information on outside shipping container as on can (or bottle), specifically: 

l Proper shipping name. 
0 UN or NA number. 
l Proper label(s). 
l Addressee and sender. 

Place the following labels on the outside shipping container: “Cargo Aircraft Only” and 
“Flammable Liquid” (or “Flammable Solid”). “Dangerous When Wet” label shall be used if 
the solid has not been exposed to a wet environment. “Laboratory Samples” and “THIS 
SIDE UP” or ‘THIS END UP” shall also be marked on the top of the outside container, and 
upward-pointing arrows shall be placed on all four sides of the container. 
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5.4.3 Shipoina Papers 

1. Use abbreviations only where specified. Complete the carrier-provided bill of lading and 
sign certification statement (if carrier does not provide, use standard industry form, see 
Attachment 0). Provide the following information in the order listed (one form may be 
used for more than one exterior container). 

l “Flammable Liquid, n.o.s. UN1993” or “Flammable Solid, n.o.s. UN1325.” 

0 “Limited Quantity” (or “Ltd. Qty.“). . . 

0 “Cargo Aircraft Only. * 

l Net weight (wt) or net volume (vol), just before or just after “Flammable Liquid, n.0.s.” 
or “Flammable Solid, n.o.s.,” by item, if more than one metal can is inside an exterior 
container. 

0 “Laboratory Samples. (if applicable). 

2. Include Chain-of-Custody Record, properly executed in outside container. 

3. “Limited Quantity” of “Flammable Liquid, n.o.s.” is limited to one pint per inner container. 
For “Flammable Solid, n.o.s.,” net weight of inner container plus sample shall not exceed 
one pound; total package weight shall not exceed 25 pounds. 

5.4.4 Tranrrwtation 

1. Transport unknown hazardous substance samples classified as flammable liquids by rented 
or common carrier truck, railroad, or express overnight package services. Do not transport 
by any passenger-carrying air transport system, even if they have cargo-only aircraft. DOT 
regulations permit regular airline cargo-only aircraft, but difficulties with most suggest 
avoiding them. Instead, ship by airline carriers that only carry cargo. 

2. For transport by government-owned vehicle, including aircraft, DOT regulations do not 
apply. However, procedures described above, with the exception of execution of the bill of 
lading with certification, shall still be used. 

6.0 REFERENCES 

U.S. Department of Transportation, 1983. Hazardous Materials Regulations, 49 CRF 17 l- 177. 

NUS Standard Operating Procedure SA-6.1 - Sample Identification and Chain-of-Custody 

NUS Standard Operating Procedure SA-1.2 - Sample Preservation 

NUS Standard Operating Procedure SF-l .5 - Compatibility Testing 
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11. 
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13. 

14. 

15. 

16. 

ATTACHMENT A 

DOT HAZARDOUS MATERIAL CLASSIFICATION (49 CFR 173.2) 

Radioactive material (except a limited quantity) 

Poison A 

Flammable gas 

Nonflammable gas 

Flammable liquid 

Oxidizer 

Flammable Solid 

Corrosive material (liquid) 

Poison 8 

Corrosive material (solid) 

Irritating material 

Combustible liquid (in containers having capacities exceeding 110 gallons (416 liters]) 

ORM-8 

ORM-A 

Combustible liquid (in containers having capacities of 110 gallons [416 liters] or less) 

ORM-E 
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ATI’ACHMENT 8 

DOT LIST OF CLASS “A” POISON (49 CFR 172.101) 

Physical State at 
Material Standard 

Temperature 

Arsine Gas 
. 

Bromoacetone Liquid 

Chloropicrin and methyl chloride mixture Gas 

Chloropicrin and nonflammable,nonliquefied 
compressed gas mixture Gas 

Cyanoqen chloride Gas(>13.1°C) 

Cyanogen gas Gas 

Gas identification set Gas 

Gelatin dynamite (H. E. Germaine) m- 

Grenade (with Poison “A” gas charge) -I- 

Hexaethyl tetraphosphatekompressed gas mixture Gas 

Hydrocyanic (prussic) acid solution Liquid 

Hydrocyanic acid, liquefied Gas 

Jnsecticide (liquefied) gas containing Poison “A” or Gas 
Poison “8” material , 

Methyldichloroanine Liquid 

Nitric oxide Gas 

Nitrogen peroxide Gas 

Nitrogen tetroxide Gas 

Nitrogen dioxide, liquid Gas 

Parathion/compressed gas mixture Gas 

Phosgene (diphosgene) Liquid 

0334901 
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ATTACHMENT C 
HAZARDOUS MATERIALS SHIPPING CHECKUST 

PACKAGING 

1. Check DOT 172.500 table for appropriate type of package for hazardous substance. 
2. Check for container integrity, especially the closure. 
3. Check for sufficient absorbent material in package. 
4. Check for sample tags and log sheets for each sample, and chain-of-custody record. 

SHIPPING PAPERS * 

1. 
2. 
3. 

Check that entries contain only approved DOT abbreviations. 
Check that entries are in English. 
Check that hazardous material entries are specially marked to differentiate them from any 
nonhazardous materials being sent using same shipping paper. 

4. Be careful all hazardous classes are shown for multiclass materials. 
5. Check total amounts by weight, quantity, or other measures used. 
6. Check that any limited-quantity exemptions are so designated on the shipping paper. 
7. Offer driver proper placards for transporting vehicle. 
8. Check that certification is signed by shipper. 
9. Make certain driver signs for shipment. 

RCRA MANIFEST 

1. 
2. 

Check that approved state/federal manifests are prepared. 
Check that transporter has the following: valid EPA identification number, valid driver’s 
license, valid vehicle registration, insurance protection, and proper DOT labels for materials 
being shipped. 

3. Check that destination address is correct. 
4. Check that driver knows where shipment is going. 
5. Check that the driver is aware of emergency procedures for spills and accidents. 
6. Make certain driver signs for shipment 
7. Make certain one copy of executed manifest and shipping document is retained by shipper. 
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1.0 PURPOSE 

This procedure contains examples of forms in current use for RI activities, and a brief explanation of 
the function of these forms. The intent of this procedure is simply to compile and introduce these 
forms, and not to provide detailed explanations of the Forms. 

2.0 SCOPE 

Attachment A lists the forms,illustrated in this procedure. Forms identified as controlled documents 
are issued by EPA, are sequentially numbered, and may not be altered. Those which are not listed as 
controlled documents and not required documents issued by EPA may be altered or revised for 
project-specific needs, with notification of. 

3.0 GLOSSARY 

Controlled Document - A consecutively-numbered form released by EPA for use on a particular work 
assignment. All unused forms must be returned or accounted for at the conclusion of the assignment. 

4.0 RESPQNSlBlLlllES 

Field Werations Leader - The Field Operations Leader is responsible for ensuring that the appropriate 
forms illustrated in this guideline are correctly used and accurately filled out. In general, the 
sampling technician or Field Operations Leader will fill out forms related to sample labeling, 
shipment and analysis (see Section5.1); the site geologirtlgeohydtologist will fill out borings logs, 
groundwater level and geohydrological test forms (see Section 5.2); and the field Operations Leader, 
site Health and Safety Officer, or field technicians, will fill out equi’pment calibration and 
maintenance records (see Section 5.3). 

5.0 PROCEDURES 

5.1 SAMPLE COLLECTION, LABiEUNC, SHIPMENT AND REQUEST FOR ANALYSIS 

5.1.1 Sam~la Label 

The sample label is a 2-by &inch white label with black lettering and an adhesive backing. 
Attachment B-1 is an example of a sample label. These labels are required on every sample but are 
not controlled documents. Guidelines for filling out sample labels are contained in SA-6.1.’ 

5.1.2 

The Sample Identification Tag (A 
Laboratory Program (CLP) analysis. 
of the sample bottle with a strin 
and is available from the Regi 
in filling out Sample ldentific 

B-2) must be used with samples collected for Contract 
IS a white, heavy paper label that is attached to the neck 
The Sample Identification Tag is a controlled document, 

I Center (RSCC). Procedure SA-6.1 provides the steps 

5.1.3 Chain-of-Custodv Record Form 

The Chain-of-Custody Record Form accompanies a sample (or group of samples) as it is transferred 
from person to person. This form must be used for any samples collected for chemical or geotechnical 
analysis, whether on-site or off-site. It is a controlled document. Each EPA Region in Zone 1 uses a 
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slightly different Chain-of-Custody form. Attachment B-3 illustrates a Chain-of-Custody Record form 
used by Region III. Chain-of-custody record forms for Regions I, II, and IV are illustrated in SA-6.1 as 
well as procedures for filling out forms. 

5.1.4 Chain-of-Curtodv Seal 

Attachment B-4 is an example of a custody seal. The Custody seal is a l- by 3-inch adhesive-backed 
label. It is part of a chain-of-custody process and is used to prevent tampering with samples after they 
have been collected in the field. It is used whenever samples are shipped with an accompanying 
Chain-of-Custody Record form. The chain-of-custody seal is available from the RSCC. 
Procedure SA-6.1 describes the procedures for using chain-of-custody seals. 

-. 

If CLP analyses are requested, a Delive 
Authorized Requestor and submitted 
This form is required but not, a controlle 

er (DO) form (Attachment B-S) is completed by the 
Sample Bottle Repository (see Procedure SA-6.6). 

is used for CLP analyses. This form is completed by 
sample bottles are shipped. A copy of the PL is 

received with the sample bottle shipme ined by the Authorized Requestor. 
. 

5.1.8 Samde Lw Sheet 

at is used to record specified types of data 
Sample Log Sheets. The data recorded on 
nd sample as well as pointing out any 
filling out the Sample Log Sheet are 

d by the EPA Sample Management Office to 
r (RSCC). These forms are obtained from the 

RSCC as needed for specific work assig 
system and are used to trace the shi 
forms are for two types of sampl 
and B-12, respectively). The organ 
collection of low- and medium-con 
20 samples can be recorded on each 
contained in SA-6.6 

forms are part of the EPA sample-tracking 
Ies for CLP laboratory analysis. Presently, these 
R) and inorganics (ITR) (see Attachments B-1 1 
forms are used to document and identify the 

for organic and inorganic analysis. Up to 
lines for filling out traffic repot-t forms are 

5.1.10 Traffic Re~ti Label 

The Traffic Report Label is a small pren 
backing. Attachment B-1 3 provides ex 
appears on a traffic report label is uniqu 
addition to the number, each label co 
(VOA, etc.) or as to preservation of th 
described in Procedure SA-6.6. 

e label with black lettering and an adhesive 
ral traffic report labels. The number which 
and used to track samples for CLP analysis. In 

n as to the type of analysis to be performed 
d unpreserved, etc.). Use of these labels IS 

0334901 
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5.1.11 

In addition to routine analytical service 
through the CLP. These may include 
analyses, analyses requiring lower 
analyses (e.g., EP toxicity testing). F 
Procedure SA-6.6), the SAS Packin 
Packing Lists are provided by the 
required. Use of the SAS form is fu 

ome special analytical services (SAS) are available 
round or verification analyses, non-priority pollutant 

an RAS methods provide, or other specific 
of request (in contrast to “RAS plus SAS,” see 
4) is used rather than a traffic report. SAS 
through the RSCC, which provides forms as 

. . 
5.1.12 Dioxin ShiDment Record (DSR] 

The Dioxin Shipment Record (DSR) provides a e ord for one shipment batch (up to 24samples) of 

x 

dioxin samples to a CLP laboratory. Samples ar individually numbered using the pre-printed labels 
provided with the DSR (see Attachment B-l 5). S are provided by the SMO to each region through 
the RSCC. DSRs must be used to track ship ent o dioxin samples submitted for CLP analysis. See 
Procedure SA-6.6 for detailed description of the use of DSRs. 

5.1.13 SamDIe ShiaDina loq 

The sample shipping log, shown in Attachme 

x 

-16 is required by RegionIll EPA and is to be 
completed whenever samples are shipped to CL Laboratory. The sample shipping log is then 
$ubmitted to the RSCC the week following sa Ie collection. 

5.2 GEOHYDROLOGICAL AND GEOTECHNICAL FORMS 

52.1 @oundwater Levcll Marruremertt Sheet 

. A groundwater level measurement sheet, shown in Attachment C-l should be filled out for each 

During the performance of a pumping test, a I 
short time period. The pumping test data shee 
the data collection format, and allowing th 
This form is not a controlled document. 

unt of data must be recorded, often within a 
ent C-2) facilitates this task by standardizing 

erval for collection to be laid out in advance. 

This data sheet (Attachment C-3) is similar .to 
different data must be recorded for pump 
tests, as shown on this sheet. This form is n 

scribed in Section 5.2.2. However, somewhat 
ation wells and in-situ hydraulic conductivity 

5.2.4 Packer Tett ReMMino Forms 

A packer test reporting form shown in Attachmen -4 is used for collecting data when conducting 
packer tests during monitoring well drilling. are not controlled documents. I 
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5.2.5 Summarv Loa of Borinq 

During the progress of each boring, a log of the materials encountered, operation and driving of 
casing, and location of samples must be kept. The Summary Log of 6oring (Attachment C-S) is used 
for this purpose. In addition, if volatile organics are monitored on cores, samples or cuttings from the 
borehole (using HNU or OVA detectors), the results are entered on the boring log at the appropriate 
depth. The boring log also provides space for entry of the laboratory sample number and the 
concentration of a few key analytical results. This feature allows direct comparison of contaminant 
concentrations with soil characteristics. 

The Summary Log of Boring is not a controlled document. .. 

5.2.6 Monitorina Well Construction Details Form 

A Monitoring Well Construction Details Form must be completed for every monitoring well installed. 
This form contains specific information on length and type of well riser pipe and screen, backfill, filter 
sand and grout characteristics, and surface seal characteristics. This information is important in 
evaluating the performance of the monitoring well, particularly in areas where water levels show 
temporal variation, or where there are multiple (immiscible) phases of contaminants. Depending on 
the type of monitoring well (in overburden or bedrock), different forms are used (see 
Attachments C-6 through C-10): The Monitoring Well Construction Details Form is not a controlled 
document. Guidelines on completing this form are contained in GH-1.7. 

5.2.7 Test Pit Loq 

are not controlled documents. k 

When a test pit or trench is constructed for inv ’ ative or sampling purposes, a Test Pit Log must be 
filled out by the responsible field geologist or pling technician. Test Pit Logs (Attachment C-l 1) 

5.3 EQUIPMENT CAlMAllON AND MAINTENANCE FORMS 

5.3.1 Eauioment Calibration Loq 

The calibration or standardization of monitoring, measuring or test equipment is necessary to assure 
the proper operation and response of the equipment, to document the accuracy, precision or 
sensitivity of the measurement, and determine if correction should be applied to the readings. Some 
items of equipment require frequent calibration, other infrequent. Some are calibrated by the 
manufacturer, other by the user. 

Each instrument requiring calibration has its own Equipment Calibration Log (Attachment D-l) which 
documents that the manufacturer’s instructions were followed for calibration of the equipment, 
including frequency and type of standard or calibration device. This form is not a controlled 
document. 

6.0 REFERENCES 

None. 
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ATTACHMENT A 

TECHNICAL FORMS IN CURRENT USE FOR REMEDIAL INVESTIGATIONS 

Form Usage Controlled/. 
Attachment Number Described in Required 

SOP Number Document 

B-1 Sample Label SAe6.1 Required 

B-2 Sample Identification Tag ‘. SA-6.1 Controlled 
1 

B-3 Chain of Custody Record, Region III SAa6.1 Controlled 
I 

B-4 Chain-of-Cusrady Seal SAm6.6 Controlled 
1 

B-5 CLP Sample Bottle Repository Form S&6.6 Required 

8-6 Repository Packing List Form SA-6.6 Required 

B-7 Groundwater Sample Log Sheet SA-6.6 Required 

B-8 Soil Sample Log Sheet WP6.6 Required 

B-9 Surface Water Sample Log Sheet 21196.6 Required 
/ 

B- 10 Container Sample Log Sheet SA-6.6 Required 
1 

B-1 1 Organics Traffic Report Form SA-6.6 Control led 
I 1 

8- 12 lnorganics Traffic Report Form SA-6.6 Controlled 

B- 13 Traffic Report Labels SA-6.6 Control led 
1 

B-14 Special Analytical Services (SAS) Packing List SA-6.6 Required 
, 

B-1 5 Dioxin Shipment Record Form SA*6.6 Required 

B-16 Sample Shipping Log SA-6.4 Required 

C-l Groundwater Level Measurement Sheet GH-2.5 Required 
, 

c-2 Pumping Test Data Sheet GH-2.3 Required 

c-3 Hydaulic Conductivity Testing Data Sheet GH-2.4 Required 

c-4 Packer Testing Report Form GH-2.2 Required 
. 

c-5 Summary Log of Boring GH-1 .S Required 

C-6 Overburden Monitoring Well Construction Sheet GH-1.5 Required 

c-7 Confining Layer Monitoring Well Construction Sheet GH-1.5 Required 
1 

C-8 Bedrock (Open Hole) Monitoring Well Construction Sheet GH-1.5 Required 
I I 

c-9 Bedrock (Well Installed) Monitoring Well Construction Sheet GH-1.5 Required 

C-10 Bedrock (Well Installed) Monitoring Well Construction Sheet GH-1.5 Required 

C- 11 Test Pit Log GH-1.8 Required 

D-l Equipment Calibration Log IIS Required 
. 
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ATTACHMENT B-5 
CLP SAMPLE BOTTLE REPOSITORY 
SUPERFUND DELIVERY REQUEST 

Date of Request: Type of Request: 

(Date/Time request called in) 
From (Name): 
Affiliation: \ 
Telephone: / 
AR Signature: \ / 

TO: I-Chem Research Corporat 
23787-F Eichler Street 
Hayward, CA 94545 
Phone: 41 S/782/3095 

Ship the following items for arrival by: (Date) 
(If applicable) Ship to arrive no earlier than: /\ (Date) 

/ \ . I 

Item 
No. of Cases 

1 I \ 
Ii l-liter /amber glass bottle 12 \ 
J 32-0~. wide-mouth glass jar 12 

. 
K Cliter amber glass bottle 4 

I 
L 500-i+ polyethylene bottle 24 

\ 
Ship To: 
(Provide 

/ 

\ 
street address) 
Attention: \ 
Call before del’ ery: 
(Phone No.): \ 

DISTRIBUTION: White-Repository Yellow-Requestor Pink-SMO 

0334901 
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ir Other 

Project Site hwne 

NUS Source No. 

Low Concentrrtion 
High Concentration 

Grab - Composite 

\ 
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I\ 

I \ I 

0334901 

c 



Numoer 

15of36 Revlslon SA*6’4 ~ :r:zte 05,04,go 
2 

SAMPLE LOG SHEET 

surface $011 
Subsurface Sorl 
Sediment 
Lagoon / Pond 
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ATTACHMENT B-8 

Page 
Case 

J 

Project Sita Name 
NI IC Cm~rrr hlrr 

I. Project Site Number 
Faurrr I nrntinn 

or~cripttorl 

Nepth Sampled: \ 1 / 
I 

Bmple Oat0 & Time: \ /I 
1 

Impled By: \ / 
I / 

Ignaw*( \ I / 
\ / 

typi of Sample 
Low Concrntntion 

Grab - Compositr 
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SAMPLE LOG SHEET 

Project Site Nam 
NUS Source No. 

Project Site Numb 

I 

I Sample Method: 
\ 

I Depth Sampled : 

I ---~ Sample Ovre &Time: 

I Sampled By: 

I Signatures: 

Type of Simple 
tow Concentration 
High Concrntratron 
Grab 
Composite 
Grab - Composite 

Andyris: I Prwervetive 

i 

I 

Orqamc \ I InorganIc 

Oat0 Shippld I I \ 
Tirnr Shim 

Lab 

I 

voluma I 
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Container Data 

Proirct SitQ 

NUS Saurcr Na. c Lacatian ._-- ---.-- ..-. 

Containar Source 

/ \ \ 
Oispositlon of SrmplQ kmplr Oescri ption 

8 
Contriner kmplrd 

LayQf 3 

COntQlnQf oprn~d but not 
sampld. RQQIon 

CSol.OLiq. 

Contamrr not opawd. 
m 

Reason 

Monitor RQ8ding: 

AnQlyris: / Tim* Shippod \ 

/ Cab 

/ 

/ Votumo 
\ 
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ATTACHMENT C-l 

GROUNDWATER LEVEL MEASUREMENT SHEET 

Project Name: 
Project No. : 
Personnel : 
Date: 

Temperature Range: Equipment No.: 
Precipitation: Equipment Name: 
Barometric Pressure: Latest Calibration Date: 

Tidally-Influenced: 1 ] Yes 

LOCATION 

Municipality: 
- County: 

State: 
Street or 
Map Location 
(If Off-Site) 

WEATHER CONDITIONS 

I INo 

4 

Well or Elevation of Water Level Adjusted 
Pietometer Date/Time Reference Point Indicator Depth 

Groundwater 

Number (Feet)* Reading (Feet)* (Feet)* 
Elevation (feet)* 

l All elevations to nearest 0.01 foot. 
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PUMPING TEST DATA SHEET 
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WELL DIAMETER: SCREEN LENGtCUDEPfH: ............................... ................... 
.................................... 
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ATTACHMENT C-5 

1 BORlNG LOG NW CORPORA T/ON 1 
PROJECT: ._ .................................... ............ ........... ........ BORING ND.: _, ._ ,,,,_,, ,, ,,,,,,, ............ 
PROJECT NO.: ................................ DATE: ..................... DRILLER:. ........................... 

ELEVATION: ...................................... FIELD GEOLOGIST: .................................................. .... 
WATER LEVEL DATA : ................................... .... .... ............... .... ...... .............. :.; .. 
(Date, Time & Conditions) .............................. ... ........... ........... .............. ........ ... 

LrmoLoov MATERIAL DESCRIPTION 
IANnE Dwm #Lnwsd MWLI CHUO~ , 0: 

“0 
*a Ihl n-on aKovw tlkrcnm SOIL 

l iMt on no0 6Awu on MNSITW 
comYmNcv MATERIAL :.: 

s411*10 co 1 
nn null IXI LIMmn 

ROD MO. INTMVAL bzxs 
COLOR 

CLASSiFlCATtON ICI REMARKS 
IS 

I 

Sucqec? humbe’ 
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AllACHMENT C-6 

jCJ?“dZ ‘.S 

OVERBURDEN 
MONITORING WELL SHEET 

--a .--- 
PROJECT 
PROJECT.NO. 
EL- ~~ .EVATION 
Fl tLU CII -’ - ‘FOLOGIST 

2RILLER 
LOCATION 
BORING 

DRILL!YG 

DATE . . 
METHOO 
DEVELOPMENT 
ME-00 

GROUND 
iLEVATION 

ELEVATION OF TOP OF SURFACE CASING 
ELEVATION OF TOP OF RISER P!PE: 

4 I 
WCK - UP TOP OF SURFACE CASING: I 

14, 
1 STICK . l,P RiSER PIPE : I 

TYPE OF SURFACE SEAL: 

I.D. OF SURFACEUSING: 
TYPE Of SURFACE CASING, 

RISER PIPE I.D. 
TYPE OF RISER PIPE: 

9OREHOLE DIAMETER: 

TYPE OF BACKFILL: 

ELEVATlON / DEPTH TDP OF SEAL: 

TYPE OF SEAL: 

DEPTH TOP OF SAND PACK: 

ELEVATION I DEPTH TOPOF SCREEN: 

- TYPE OF SCREEN: 

SLOT WE I LENGTH: 

I 0. OF SCREEN: 

- TYPE OF SAND PACK: 

P 
ELEVATION I DEPTH UOOnOM Of SCREEN: 

ELEVATION I DWTH (IOVOM OF SAND PACK: 
TYPE OF JACKFILL MLOW OlSERVATlON 

/ 

WELL: 

ELEVATION I OEPTH OF HOLE: 

.-., c 

,I.. 

0334901 
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ATTACHMENT C-7 

30RING NO.: 

CONFINING LAYER 
MONITORING WELL SHEET 

ROJECT 
ROJECT NO. 
LEVATION 
ELD GEOLOGIST 

LOCATION 
BORING 
DATE 

’ DRILLER 
DRILLING 
METHOD 
XVELOPMENT 
METHOD 

- EiEVATlON OF TOP Of PERM CASING : 
ELEVATION OF TOP OF RISER PIPE: 

TYPE OF SURFACE SEAL: 

. I.D. OF PERM. CASING: 
?YPE OF SURFACE CASING: 

. RISER PIPE I.D. 
TYPE OF RISER PIPE: 

. BOREHOLE DIAMETER: 

. PER&l. CASING 1.0. 
TYPE OF CASING &BACKFILL. 

- ELEVATION/DEPTH TOPCONFINING LAYER: 
. ELEVATION I DEPTH BOTTOM OF CASING: 
c ELEVATION/ DEPTH BQT. CONfINING LAYER: 

- ELEVATION I DEPTH TOP OF SEAL: 
_ TYPE OF SEAL: 

- DEPTH TOP OF SAND PACK: 

r ELEVATION/DEPTH TOP OF SCREEN: 
TYPE OF SCREEN: 

- TYPE OF SAND PACK: 

- BOREHOLE DIA. BELOW CASING: 

. ELEVAT!ON I DEPTH BOTTOM OF SCREEN: 

, ELEVATION I DEPTH 907OM OF SAND PACK: 
TYPE OF BACKFILL BELOW OBSERVATION 
WELL: 

_ ELEVATION I DEPTH OF HOLE: I 



ATTACHMENT C-8 

q EORINC NO. 
IIEDROCK 

(3 Aklanibuftoncampucy 
MONITORING WELL SHEET 

OPEN HOLE WELL P 
P 
E 
F 

1 
I- 

‘ROJECT * 
‘ROJECT NO. 
LEVATION 
IELO CLOLOGI~T 

LOCATION 
BORING :, 
OATE 

I 

DRILLER 
DRILLING 
METHOO 
DEVELOPMENT 
METHOD 

GROUNO 
ELEVATION 

a-t 

ELEVATION OF TDP OF CASING: 

SUbjeff 

FORMS USED IN RI ACTIVITIES 
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STICK UP OF CASING ABOVE GROUND 
SURFACE: 

TYPE OF SURFACE SEAL. 

I D OF CkiNG: 
TYPE OF CASING: 

TEMP I PERM.: 

DlAMETER.DF HOLE; 

TYPE OF CASING SEAL: 

+ DEPTH TO TOP OF ROCK: 

- DIAMETER OF HOLE IN BEDROCK: 

OESCRlllE IF CORE I REAMED WITH BIT: 

OESCRlllE JOINTS IN IIED.ROCK AND DEPTH: 

ELEVATION I DEPTH OF HOLE: , 
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AlTACHMENT C-9 

BORING NO : 

BEDROCK 
MONlTORtNG WELL SHEET 

WELL INSTALLED IN BEDROCK 

ELEVATlON OF TOPOF SURFACE CASING : 
ELEVATION OF TOP OF RliER P!Pf: 
ELEVATION TOP OF PERM. CASING: 
TYPE OF SURFACE SEAL: 

RISER PIPE I.D. 

BOREHOLE DIAMETER: 

PERM. CASING I.D. 

ELSVATION/OEPTH BOROM OF CASING: 

BOREHOLE DIA. SELOW CASING: 
TYPE OF BACKFILL: 

ELEVATION / DEPTH TOP Of SEAL: 
TYPE OF SEAL: 

ELEVATION I DEPTH TOP OF SAND PACK: 

ELEVATION1DEPTH TOP OF SCREEN: 
TYPE OF SCREEN: 

TYPE OF SAND PACK: 

ELEVATION I DEPTH BOnOM OF SCREEN: 

ELEVATION I DEPTH BOTTOM OF SAND PACK: 
TYPE OF BACKF!LL BELOW OBSERVATION 
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AlTACHMENT C-10 

30RlNG vo 
BEDROCK 

MONITORING WELL SHEET 

r 
; PROJECT 
’ PROJECT NO. 
1 ILEVATION 

WU INSTALLED IN BEDROCK 

LOCATION 
DRILLER 
DRILL!% 

BORING 
DATE . 

I METHOD 
DEVELOPMENT 

$LEVATlON TOP OF WER: 
:YPE OF SURCACE SEAL. 

i D OF SURFACE CASING. 

DIAMETER OF HOLE: 

ELEVAT:ON I DEPW ‘OP OF SEAL: 
c ELEVATION I DEPTH TOP OF IIEDROCK. 

TYPE OF SEAL: 

ELEVATION! DEPTH TOP OF SAND: 

!LEVATION I OEPTn TOP OF SCREEN: 

TYPE OF SCREEN: 

SLOT SIZE x LENGTH: 

_ DIAMETER OF HOLE IN BEDROCK: 

CORE I REAM: 

III ELEVATIO(Y I OCPTW 8OTTOM SCREEN: 
= 

iii ELEVATION I DEP- 8OlTOM OF HOLE: 

D334901 
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ATTACHMENT C-l 1 

DATE: . . . . . . . . . . ..o.... 

MATERIAL DESCRIPTION 

RfMARKS 

fw.dARKS ., . . . 
\ 

. ..r............. . . ,.... . . . . . . . . . . . . ., ._ ._... .._. 
..“......... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ., ,. 

PHOTO LOG . . ,. . _. . . . 
TEST PIT . ..,,., . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ,....,.,,,...................... . . . . . 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
PAGE ..,,, .,.OF. .._... . . . . 
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FIELD REPORTS 

I 

1.0 PURPOSE 

This procedure describes the periodic field reports which are required to be filled out during the 
conduct of Remedial Investigation (RI) field studies. These reports on the progress of field 
assignments are not to be confused with the forms associated with boring and well installation, 
sampling, sample custody and equipment maintenance described in Procedure SA-6.4. 

These reports serve several purposes: 

l To maintain a written record of major everits/accomplishments/probiems related to the 
field work. 

l To allow ongoing monitoring of the actual progress of field tasks in comparison to the 
planned schedule, and to allow timely corrective action (if required). 

l To inform Site Managers of progress/accomplishments for inclusion in The Monthly Project, 
Tracking System. 

2.0 SCOPE 

The reports described herein are to be used during field investgiations, but do not replace or take 
precedence over project-specific or subcontractor-specific required reports. Additional reporting may 
particularly be required at enforcement-lead sites. 

3.0 GLOSSARY 

None 

4.0 RESPONSlBlLlllES 

Field Operations Leader - responsible for assuring that the appropriate reports are completed in the 
required time-frame. Responsibilities for filling out individual reports are identified within the 
description of the reports (see below). 

5.0 PROCEDURES 

5.1 PROGRAM DESIGN 

The primary means of recording onsite activities is the site logbook (see ProcedureSA-6.3) and other 
field logbooks (e.g. geologists notebook, health and safety officer’s logbook, sample logbooks). 
However., these logbooks and notebooks usually contain extremely detailed information which is 
required for data interpretation or documentation, but not for tracking and reporting of progress. 
Furthermore, the field logbooks remain onsite for extended periods of time and are thus not 
accessible for review by project management. The reports described in this procedure are, in essence, 
simplified summaries of the logbooks, which are designed to provide only the information needed by 
project management to keep informed of the progress of field activities. 



I Subject 

FIELD REPORTS .“,, 1, 

5.2 DAILY ACllVlTlES REPORT 

52.1 Description 

The Daily Activities Report documents the activities and progress for each day’s field work. This 
report is filled out on a daily basis whenever there are drilling, test pitting, well construction, or other 
related activities occurring which involve subcontractor personnel. These sheets summarize the work 
performed and form the basis of payment to subcontractors (Attachment A is an example of a Daily 
Activities Report). 

52.2 Responsibilities t 

It is the responsibility of the rig geologist to complete the report and obtain the driller’s signature 
acknowledging that the times and quantities of material entered are correct. 

52.3 m 

At the end of the shift, the rig geologist submits the Daily Activities Report to the Field Operations 
Leader (FOL) for review and filing. The Daily Activities Report is not a formal report and thus requires 
no further approval. The reports are retained by the FOL for use in preparing the site logbook and 
weekly Field Summaries, and are submitted to the Site Manager weekly along with the Weekly Field 
Summary. 

5.3 FIELD ‘TRIP SUMMARY 

53.1 Darcrimtion 

The Field Trip Summary is an abstract of the Site Logbook, summarizing the major activities onsite for 
a particular week or field cycle (e.g., lodays). It should be organized on a day-byday basis, and 
contain the following information #t a minimum (see Attachment 5): 

0 Date (week ending) 
0 Personnel onsite (contractor, subcontractors, visitors) 
l Weather conditions encountered during the week 
0 Site activities 
l Number and type of samplescollected (including C.O.C. form numbers) 
0 Issuer impacting progress of the project. 

5.3.2 Reroonribilitieg 

The Field Operations -Leader or responsible individual onrite if not the FOL (e.g., geophysics team 
leader, sampling team leader) is responsible for completing the Weekly Field Summary at the end of 
each week of ongoing site activity, or at the completion of an activity (if no further activity will take 
place during that week). 

Numoer Page 
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5.3.3 Submittal and Aooroval 

The summary, along with Daily Activities Reports, Health & Safety Officer’s Reports, and any other 
documentation, must be delivered or sent to the Site Manager at the end of each week. 

The Field .Trip Summary is an internal informational document and is not subject to project 
management review or approval. 

6.0 REFERENCES 

None. 

7.0 ATTACHMENTS 

Attachment A - Rig Shift Report 
Attachment B - Field Trip Summary Report (2 pages) 
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ATTACHMENT A 

DAILY ACTlVlnES RECORD - FIELD INVESTIGATION 

ROJECT NAME: 
LENT: LOCATION: 

ATE: ARRIVAL TIME: 

ONTRACTOR: DRILLER: 

NUS CORPORATION 

PROJECT NO.: 

DEPARTURE TIME: 

CUMULATIVE 
ITEM (1) QUANTITY (2) 

3. Overburden Drillfng, IO-Inch 250 tt. 

1. Overburden Drlllfng Winch 4so ft. 

5, Bedrock Drilllnq Cinch 530 ft. 

5. Bedrock Orflllnp lO-Inch 660 ft. 

7. Blldmck Drilling Winch 150 ft. 

3. Temporary 6-tnch Steel Casing 250 ft. 

3. Temporary lO-lnch’ftnl Cdng 200 ft. 

10. Tmporary ICInch Steel Casing 250 ft. 

11. Penurent &inch Steel Casing 1,250 ft. 

12. -Penunmt IO-inch Steal Casing 400 ft. 

13. PVC Uell Constructton/lnstrllrtion - 1.120 ft. 

14. Mlne Void Sraltng 8 

15. Boring Bwkfllllng HA 

16. dolt Dwtlopment 24 hrs. 

17. Tort Borlngs 200 ft. 

18. Test Pit Excavatton 50 hrs. 

19. Standby 20 hrs. 

( 1 I AS UStED IN WCS 
(2) INCLUDE QUANTIW AND UNITS 

(Ex. 20 ft., 6 hn.) 
APPROVED BY: 

NUS FIELD REPRESENTATIVE 

DRILLER OR REPRESENTATIVE 



ATTACHMENT 8 
PAGE 1 OF 2 

FIELD TRIP SUMMARY REPORT 

SUNDAY 

Date: 

Weather: 

Personnel : 

Onrite: 

Site Activities: I. 

Sutqect 

FIELD REPORTS 

Xijmber 

Revwon 

5A-6.5 

2 

Page 

6 of 7 
Effective Date 05/04/90 

MONDAY 

Date: Personnel : 

Weather: I Onsite: 

Site Activities: 

TUESDAY 

Date: Personnel: 

Weather: Onsita: 

Site Activities: 

WEDNESDAY 

Date: 

Weather: 

Personnel : 

Onsite: 

Site Activities: 



Subject 

I FIELD REPORTS 

Number ?age 
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Revwon Effectwe Date 
2 05/04/90 

ATI’ACHMENT B 
PAGE 2 OF 2 
FIELD TRIP SUMMARY REPORT 

THURSDAY’ 

Date: 

Weather: 

Personnel : 

Onsite: 

Site Activities: 

FRIDAY 

Date: 

Weather: 

Personnel : 

Onsite: 

Site Activities: 

SATURDAY 

Personnel: 

Weather: Onsite: 

Site Activities: 

I 

D334901 



ENVIRONMENT& 

INFRASTRUCTWRE Daily Time Log 

Date: ! I 
Circle: Sun Mon Tut Wed Thu Fri Sat 

Silt: Project No.: 
Weather. 

Task/Equipment: 
FGm/Contractor’s Personnel: 

RUST’s Personnel: 
Hrs On-Site: 
Hrs On-Site: 

Site Visitors: 

Time hg indicating work in progress, remarks: 
o600-0630 

1ocxI - 1030 

iloo - 1130 

1300 - 1330 

1500 - 1530 

i ., : ‘: :: : j’::: .: ::,>; :.; ,, :..., .:‘... ,. ‘. 1. . . I-::> ,_,,., : _ . .._ : ,..,,, ‘.’ .’ ,. 1530 _ *60(-j y( i’“‘s’-:.:..:‘...~~~:.:~~~ .:::~.~~~~..,::-:-rI;.:,“:i-ii~...~ . . . . . . :y.y .; .,: . .;” :.< ._.;:..; . . .,;-:-. .. ; “. .:. .>,; .:’ _ ( . . . . : : : :...>. . . . . . :,.., ,., ,... :‘.. . . ... ‘y.‘?.:‘: ..\,.:..~:~ c : : :: ,,.:,;. : ‘.:+,. .:..- I’,. .j’--y:,::j..i,: :. ..: ::, : ;p. ,:.i, ,. . . . .: z.. :, .: .A~.‘.:::,;,:+ (.:. .,: 
1600 - 1630 

. . :’ 1730- 1go(j .: . ..( \. .: ,: ‘. 
. . ...,: .-.‘, . ._ 

‘:;,: .‘.’ .. .:.:: ..; ,,:. ;,;,:.y ...,: ,,,,:,: ,. 
,: ;:; .,, .Z(. ,” 

Items requiring follow-up: _ 

‘., ,.. 



- - 

Summary of Daily Activities 

Include items such as: boring numbers, footage driIM, well numbers, well construction, wells developed, samples and 
locations, problems, actions requhd, stand-by time, etc... 

(1) 

(2) 

(3) 

(4) 

(3 

(6) 

(7) 

(8) 

Stand-by time: 
Access delays: 
Actions required: 

hrs. 
hrs. 

Rev. 4193 FS&/Eanh.Sci 



Soils Data Form 

Site 

Date 

Tie 

coIlectors 

Project Number 

Soil Sample Area 

Soil Subsample 

Sheet - of - 

Sample Depth 

Physical Description Of Subsampling Iacation: 

Description Of Subsample: 

Any Other Characteristics Of Note: . 

Rev. 2l93 FSO6/Eanh.Sci 



ENVIRONMENT & 

INFRASTRUCTURE Surfie WaterlSedment Data Form 

SURFACE WATER 

Site 

Date 

Time 

Collectors 

Project Number 

Taperanup; 

PH 
Conductivity 
Dissolved Oxygen 

Turbidity: Low 
Medium 
High 

I Color: 
Odor: 

Sample Number I 
Sampling Equipment 

Water Depth: 

Physical Description of Surface Water Sample Location: 

SEDIMENT 

Date 
Time 

Collectors 

Sample Number I 1 

Sampling Equipment 

Physical Description of Sediment Location: 

Physical Description of Sediment: 

FSOS/Earth.Sci 



FIELD BDRING LOG 
W/ATMOSPHERIC MONITORING 

PROJECT NO. 
WATER LEVEL READINGS 

bnee~ _ 01 - 

BORING NO. 

WATER URoulD SlWACE ELEV.8 
DATE/TM DEPTH -- i%i: w”r;;EH - COOROIWLTE TWEI 

--- Nmllw 

-- -- EAST: 

--- DATE/TINE STARTI 

-tiT DATE: DATE/T IUE WET& 
VENT UETmKh WELL INSTALLATIQI DATES 

ii 
t; 
L 

ORAPMIC 
uses 

SOIL DESCRIPTION AND SAMfLlffi DATA AIR y(wITWffi 

lllz LDG DRILLING COMMENTS 

- - - - .- - -- - -- .- - - - __------- --------.------_I----.- 

I I 
-- 

I II 
-. - 

-- 

-. - 

- -- 

-- 
I I- 

-- 

-- 

-- 
I -- 

-- 

-. - 

-- 

-. - 

-- 
I I I I I I 

_,---- --.---- w----e- -------- -.----e-----e<- 

- ,_ - -- - -- .- - - - ----- ---------- -<c------v--- - 

- ,- - -- - -- .- --------- _I___------.----------- - 

- ._ -- - - -- .- - - - -------- _-----.--.-------w--w,- 

---- - -- .- - __---------NV ---- --------- - 

- ,- - - -------- -- 

e------w 

__-_-------- 

v----w-- 

- -- -. 

- -. - - - ----- ------ _- 

_--.---- ---- 

__-.--- __----- 

- -I- -. - - ---b-w- w----v 

--- 

---- --- --e-v 

- .- -- _------- _---- 

- .- -- - - ---- --- 



GW I GP I GM 

PMCENTAGES OF GRAVILSAND 
AN0 FINES MAY K STAYED IN 
TERMS IMICATING A RANGE OF 
PERCENTAGES AS FOLLOWS, 

RACE PARTICLES ARE PRSGENT I”, 
EST. TO K LESS THAN IS 

EW 5 TO IOI 
ITTLL I5 TO 23% 
OuE 30 TO .,a 
IOSTLY SO TO 100% 

GC I SW I SP I SM k SC I ML I MH. I CL I CH I OL I OH 

GTAmAm RlaTuTla TEST 
caRl8TE%T a WmlTY 

FINFA OllAIlm 

VERY SOFT IVSI o-z 
SOFT ICI 3-4 
molu1 WI s-e 
STIFF IS71 S-16 
VERY STIFF IVST) IT-SO 
YAW In) 7% 

COARGE GRAlllltD 

VERY LOOSE IVLI o-4 
LOOSE ILi 5-S 
MEDIUM DENSE lMD1 IO-% 
ONK lOI 30-49 
VERY OENSE IVD) ,50 

L 

DESFR1PTICI)I 

ANGULAR PARTICLES NAVE Sl4ARP EDGES AND 
REILATIVELY PLANE SIDES 
WIYM UNPOLISNED SURFACES 

SUSAIICUAR PARTICLES ARE SIMILAR TO ANGULAR 
OESCRIPTIGN GUT HAVE ROlW0ED EDGES 

SUMOUNOED PARTICLES “AVE NEARLY PLAN2 SIDES 
SUY HAVE WELL-ROUNDED 
CORNERS AK) EKES 

RWIWO PARTICLES HAVE SWOTKY CUnVEO 
SIOES AND NO EDGES 

CRITmlA ca aKKRlDlyo 
YMrrmc coo(TIO 

MY AISENCE OF MOISTURE. OUSTY. 
DRY TO TCE TOUCH 

MGIST 

WET 

OAYP SUY NO VISIGLE WATER 

VlhLE FREE WATER, USUALLY 
SOIL IS GELOY WATER TABLE 

A 
CRITERIA COI OCURlSI*o 8TIIIETU 

IRATIFIEG ALTERNATING LAYERS OF VARYIRG 
MATERIAL OR COLOR WITH LA”ERS AT 
LEAST GYM THICK MOTE iNlCKN2SS 

LYINATED ALTERNATING LAYERS OF VARYING 
MATERIAL OR COLOR WITM TWL LAYERS 
LESS THAN SYY THICKI NOTE TNICKNESS 

ASSURED GREAKS ALONG DEFINITE PLAMES OF 
FRACTURE WITH LITTLE 
RESISTANCE TO FRACTURING 

.ICKER- 
IDED 

.OCKY 

FRACTURE PLAIU% APPEAR PAlSHE 
OR GLOSSY. SGWEYIMES STRIATED 

COHESIVE SOIL THAT CAN SE OROKEN 
DOWN INTO SMALL ANGULAR LUMPS 
WMICH RESIST FUITHER SREAKOOWN 

INSED INCLUSION OF SMALL POCKETS ff 
DIFFERENT SOILS SUCN AS SMALL 
LENSES OF SAN0 SCATTERED THRGUGN 
A MA% OF CLAY, NGTE THICKNESS 

WOGENEGUS SAME COLOR ANO APPEARANCE 
TNWUGNWT 

ADDITIONAL DRILLING DATA 
SPLIT TUBE SIZE ID 00 
HAMMER WT. lb 
THIN WALL WBE SIZE 

In drop 
00 ,,, 

CASING USED LF Oh 
DRILL ROD SIZE 
DRILL BIT TYPE 
DRILL BIT SIZE 

(0) lb) 
(0) lb) 

AUGER TYPE 
HOLLOW STEM A-; 

SOIL DESCRIPTION REOUIREMENTS 
ITO It LHISO IY T)(IS QI)LII WIlM EMll ITEM SUCRATW m A CQy*h 

I CONSIETEKY OR DSIOITY (BAOED ON N VALUE, 
2 MUNSCLL COLOR KSCRl?TlON 
3 YURSELL HUE~CIGIOMA 
4 US% tWUP NAW (ALL CAPS1 
S GRAIN Sl2E RANGE IFOR SAN0 G O(IAVELj 
6 ROUNOnESS OR AWtrUARlTY ISAND G SRAVELI 
7 YOISTWE 
G PLASTICITY 
0 CoHEsIMss 
10 DISTINCTIVE FUTURES 
II DEPOSITIOWIL ENVIRGNYENT 
12 FORUATION~YMOER IOPTIONAL. IF KNGWN-ALL CAPS;) 

CRIYtl(A F# mCRl~l*o PLASTICIT 

A I/Z-IN I3w4I THREAD CANNOT 
‘L%IC SE ROLLED AT ANY WATER CONTENT 

.ow THE T”READ CAN 8ARELY 82 ROLLED 
AND THE LUl4F CANRGT SE FORM0 WNEN 
ORIER THAN TM PLASTIC LIMIT 

LIEOWN THE THREAD IS EASY 70 ROLL AND NGT 
MUCH TIME IS REGUIREO TO REACH THE 
PLASTIC LIMIT. THE YMEAO CANNOT SE 
RCROUEO AFTER REACNING TH PLAST-Ii 
LIMIT. THE LUMP CRUUELES WHEN DRIER 
TNAN TIGZ PLASTIC LIUIl 

4lSH IT TAXES CONSIDERISLE TIME ROLLING AND 
K(EADING TO MACW THE PLASTIC LIYIT. 
THE TMEAO CAN OE REROLLED SEVERAL TIM! 
AF7’ER REACNINS THE PLASTIC LIMIT. 
THE LIMP CAN SE FORMED WITNGUT C-M 
WHEN DRIER THAN THE PLASTIC LIMIT 

NOTE: IKLUM ESTIMATE OF GRAVEL, SAM,. AND SILT A)(D CLAY 
PERCENTAGES IN LGWER RIGNT CGRRER GF OESCRIPTION INTERVAL 

ISEE EXAYCLE SELGWI 

TWICU. H&LOW-BTN *ull 8IDLS WITN IIC-CIT. 
WE Ala PK cwcTlQwI 

IUlll CLNYUL YIY IOU- CO. IWTI 

HOLLGW-STEM FLl6UTlNG DIAMETER AUGER HEM 
NSIDE DIAMETER IIN. (IN.) CUTTING OIAUETER I IN. I 

2 II4 5 510 c II4 
2 S/4 B lfe 0 114 
3 II4 6 118 7 “4 3 ,,4 7 I,* ,,,... 

T ,/4 
4 II4 7 519 e l/4 
c II4 8 s/a IO l/4 
e II4 II 518 12 I/2 

JAR YETWOO - TIGI RELATIVE PERCENTAGE OF 
COARSE-AND FINE-GRAIIPD MATERIAL MAY SE ESTIMATED 01 
TNGROUtllLY SHAKING A MIXTURE GF SOIL ARD wATEW IN A TEST 
TUBE OR JAR. AND TNEN ALLOWING TME YIXTURE TO SETTLE. THE 
COARSE PARTICLES WILL FALL TO TN SOTTW AND SUCCESSIVELY 
FI)(LR l ARTICLKS WILL SE f#PGSITEO WITH INCREASING TIM., 
TN& OAND SlttS WILL FALL W7 GF SUSPENSIGN IN 20 TO SO SEC. 
TW RELATIVE ~OPOIWONS cm4 ae gsmu4TEo mm TM 
RELATIVE VOLUW OF EACN SIZE OEPARATE. TNIE UETHGO 
SMOIM.0 IE CGRRELATPD TO PARTICLE-SIZE LABORATORY 
DETLRYIMATIGRG 

VISUAL METHGO - MENTALLY VISUALIZE THE GRAVEL 
SIZE PARTICLES PLACED IN A SACK 
(WI OYNER CONTAINER) 011 SACKS. THEN DG TN2 
SAYE WITH THE SAN0 SIZE PARTICLSS AND TNE FINES. 
TNEN MENTALLY COMPARE TWE WR OF SACKS 
TO ESTIMATE YWE PERCENTAGS OF FLUS NG. 4 
SIEVE Sl2E AND uwur NO. 4 SIEVE Sl2E PREIFNY. 
THE PERCENTAGES OF SAN0 UD FIWS IN TWE 
UIRUS SIEVE SIZE MO. 4 YATERIAL CAN YNEN 
SE ESTIMATED FROM YWE WASN TEST 1X4.31 

WASII TEST- FOR RELATIVE PERCEN7AOE OF SAN0 AN0 
FIRES. SELECT AM MGISTEN ENOUGH Ul)(uS NO. 4 SIEVE 
SIZE MATERIAL TO FGRY A I-IN I25-MMI CUSE OF SOIL. 
CUT TNE CUBE IN HALF. SET OWE HALF TO TW SIDE. 
ANV PLACE TM2 OTNER HALF IN A SMALL DISH. 
WASM AR0 DLCANT THE FIMS OUT GF THE MATERIAL 
IN THE OISN UNTIL THE WASH WATER IS CLEAR 
ALIQ THEN COWARE THE TWG SAMPLES AND ESTIMATE 
TN PERCLNTAGE OF SUO AM FINES. MWER 
TWY THE PERCENTAGf IS SASERD OR WEIGMT. 
RGT VOLUIE. MWEMR Twh VOLUME CGMPARSION 
WILL FRGVIDE A RaAM(*OLE INDICATIoI( OF 
ORAIN Sl2E C(mCENTAGES. 
X4.3.1 WNILC wAD(IRG. IT NAY SE NECEPSART 
TO BREAK OOWR LUMPS GF FINES WITH TNE 
FlrmER TO OET TM CORRECT PERCENTASES 

lOCWTIcICATI0) OT I((oIDuIC CM-QIIOID WU.8 
tl#l YylllL TLSTS 

SOIL 
iYuSOL ORY STRENGTH I OILATANCY TOUGMMESS 

LOW OR 

YL NONE TO LOW 
SLOW TO YWIEAO 

RAPID CA4HOT 
% FGRYED 

CL YLOIUM TO HIGH NOM TO 
SLOW YEDIlM 

ull LOW TO UEOIUM NONE TO 
ow LOW TO MEOIU 

Cl4 IllGIl TO MRY’HIQH WOWE HI0H 

YISCCLLIMWS OATA 

I CU. FT.= 1-S GAL. IAPPROXI 
I GALLON = .I34 CU. FT. IAPPROXI 
I CU. YO. * 202 GAL. IAPPRGXI 
I GALLON = .‘I05 CU. 10. IAPPROXI 
I GALLON ff WATER = 8.34 LOS. IAPPROXI 
1 CU. FT. OF FRESH WATER = 82.4 LOS. IAPPROX, 
PPI*.4Y X THE HSlG”7 GF THE WATER COLW ,N I:T 
FEET OF “SAD n PS, X 2.304 
I SARREL = 42 GALLONS IAPPROXI 
I S&K OF SAND = I CU. FT ANO APPROX 100 LGG. 
I SACK OF CEYENT * I CU. FT. ANO APFROX GO LGE. 
I PAIL GF SENTONITE PELLETS * SO LBS. IAPPROXI 

VOLW G+ SCMEvUl.E 40 PVC PIPE 

DIAMETER 0.0. I.D. 
v- .-.- 

CALIL 

t 
I I I 
I I I 

I I I 

cuurcm 

SAYLING DATA 
,,,, 1,11111 ,,,,,, 

r= L =r yy uses 
SOIL DESCRIPTION AND 

gE B N A R NO. Y DRILLING COMMENTS 

3 ////A I ES “.‘. ‘. ‘. .’ Y.ll.whh brwh. IIOYR LlG, P-Y GRADED SAN0 
- - L -c.- : 

sp LY2----,-L---,,,- 
: WITH ORAWL. II”. +* mtilun. r~uta 14 l w,m,nd.a. 

. _ 
drT. Ir4n-skln4. LACUSTRINS 

L2 G * --+:- --------------- ----- 
15,1)1/00 



aconta 

la!ll!nB I?NvIRoNMI?NT& FIELD ROCK CORE LOG 
Sheet 1 of 

BORING NO. 

SITE: - PROJECT NO. 

WATER LEVEL READINGS 

DATE 7-w DEPTH CASWG GROUND SURFACE ELSV: 

DRILLING RIG: - --- COOROlNATEilYPE: 

CORE BARREL I Srrz - --- NORTH: 

CASING USED: - --- EAST: 

LOGGED ew - --- DATEITIMESTART: 

RRM/DmLLER: ASANOGNMENT DATE: - DATEITMECGMFLETE: 

FNYSICAL SElTlNo: AMNDDNMENT METHGD: - WEU WSTA~~N DA-~ 

CORING DATA 

RPCK DESCRIPTION 
COMMENTS 



ENVIRONMENT& 

IiG%ASTRUm 
Field Modification Form 

Item No. ’ 

Project: 
Project No.: 
Requested By: 
Contract 

Description of Modification: 

Reason for Modification: 

,’ 

Refer to: 

Refer to Work Plan/QAPP Page and Paragraphs: 

It is understood and mutually agreed that this form is to be used only to record minor modifications which do not increase 
or decrease the contract priceor change the intent of a specific provision of the contract. Any modifications involving change 
to the Work Plan or QAPP documents must be approved by prior to execution. 

APPROVAL: 

RUST E&I On-Site Representative Representative 

I’ By: 

Date: 

By: 

Tide: 

Date: 

Rev.3193 ERD 1007 



,, ,,,, 

Modification Date Date 
Number Descriprion Submitted Approved 

*. 

., 

,.. ,. 

Rev. 3193 F314/CF/FkLMad. 



ENVIRONMENT& 

INFRASRUCTURE 

Site: Datemi slxlrtz 
Inaprctwlby: 
Project No.: 
survey Cooadinsacs: 

Wakrr Ta6le WeU 
InsM&n Dhgmm 

Dsl@ieneFmishcd: Wall No.: 
Driller Name: 
Drilling Fm: 

Grnmd Surface Wevatian: 

VenardYcs/No - 
Vented YES/?%3 Type 
protective caging and well casing 

Type- Schedule 

Material/Mesh size 

X bag- Tolal lbs- 

Mate&l/Mesh size 

Schedul- 

*Top of 
Annular 
Space 
seal -a 

“Fine Sand 
FineSand n *Filter Pack 

tgr-ft. 
*Top of 
Screen -ft. 

4 TM 
Filter r 

*Bottom of 
SQatn 
section -ft. 
*Bottom of 

&Mater. 

*MeasuredFrom 
GroundSurface Borehole Diameter 
WATER SOURCE 
Notes: 



llusr ENVIRONMENT& 

INE3ASTRUCTURE 

Site: 
Insprcd by: 
Proiect No.: 

DateJIlmeStart Dadhe Finished: 
Driller Name: 
Drilling Fm: 

Well No.: 

sweym Ground Surface E&vat& 

?-- +l - ------ - c!iminn 
I 

---w 
tpvcr- stickuD 4 ~CAPORPLUG~ Vent&YES/NO Type 

L a I (Stick 
------r 

up / 

t 

\ 

\ 

Annular 
space seal 
Thickness 

13 

Bentonite 
Seal 

d Thickness 

*Top of 
seal -4. 

*Top of 
seal -A 

.-, gal or Ibs (Circle) 

Type of Benu&e 
Mix 

\ Tocal+QuMtity 
lb !iEz%e+ 

-&al Mud Wt. h 

@H* 
lb&al ” 1 .c 

Total 

F 
Well 

7 WELL CASING 1 Type- Schedule 
OD ID Length/set 
Flmhthmaded YEmo Tefla Tape YES/NO 

*Top of Fine 
1 Sand~fL 

*Top of Filter 
Pack Sand 

rt7 Screen 
Length 

Filter ,- 
L 

A 1 Pack L 
Thicbress 

Total lbs - 

J 

*Bottom of 

+&tar. 

*Measured From 
Ground Surface 
WATER SOURCE 
Notes: 

Borehole Diameter 

Rev. 9B4 
FSZS~Sci 



Well No. Dare: / / 

Mon. Tues. Weds. Thurs. Fri. 

Site: 

Wtathez: Project No.: 

Development Method: pumpeda Bailed 0 Other: 

Pump Type: Bailer Type: 

Volume Calculation: 

(D.T.B. - D.T.W. x volJft, = PVC/well volume) + (N* x H* x Annulus volJft.) = Total Well Volume 
* (Wells that cannot be purged dry, 10x’s the Total Well Volume must be purged) 

(Wells hat can be purged dry, slowly removing water, without surging until dry) 
Depth to l3eprhr.o Volume 

Time (&%.) (i%!f) 
Removed odor 

W.) PH cold. Temp. Color Y/N Turbidity I 

Comments: 

*N = porosity of filter m 
*H = leaqrh of filter pack a: length of saturated 

filter pack (water level within screen length) 
* = A 30-minute surge and purge before the 

10x’s the Total Well Volume 

I 

Annulus vol./B. Inside Diameter volJft 
4 0.42 1” 0.04 

6" 124 1.25" 0.06 

8” 238 2" 0.16 
, 

10” 3.85 4" 0.65 

Signatunx 



w 
ENVIRONMENT& 

1NFmucruRE Well Purging and Sampk Collection 

Project No.: Well No. C-3 Site: 

Purging Method: 

Pump Type: 

Pumped 0 Bailed 0 Other: 

Bailer Type: 

Weather Conditions: 

Volume Calculation: 

(D.T.B. - D.T.W. x vol./ft. = Gals./well vol.) 
(Gab/well vol. x 5 = Total Volume to be removed) Gals/well vol.: 

Depth to Depth to Volume 

(2.E.) 
Bottom Removed ‘. 

Odor 
Time (D.T.B.) (I@.> PH Cond. Temp. Color Y/N Turbidity 

--- I 

Sample Readings 

Comments: 

Field Blank Taken 0 Time: . 

Well Duplicate 0 No.: 

Signature: 

Inside Diameter 
1” 

1.25” 

2” 
4” 

vol Jf& . 
0.04 
0.06 

0.16 

0.65 

Date: / / 



Iallm ENVIRONMENT& 
INFRASTRUCTURE Water Elevation 

PROJECT NO. 

Elevation Depth 
Well Of To 

Number Top Of Pipe Warer 
Waler 

Elevation 

SITE 

Depth Well Integrity 
To 

Bottom Lmhd cmppd Cm&ad Obawt Comments 

- 

. Description Of Site 

Soil Conditions 

Weather Tempcmture 

Entered On Computer 

Rev. 4193 

Signnturc 

F509/Eanh 



ENVIRONh4XN’IX 
lBTRMTRUCTURE StqflGauge Inform&on Form 

Site: Date: 
By: Project No.: 

Staff Guage No. 

Top of Pipe Elevatiow 
Dauniie: ‘. water Levek 
COmlIlellts: 

Staff Guage No. 
L4YWtiOll: 
Top of Pipe Elevation: 
Date/Time: 
comments: 

Watct Level: 

Staff Guage No. 
Location: 
Top of Pipe Elevation: 
Daceflime: Water Level: 
Comments: 

Staff Guage No. 
Lotzation: 
Top of Pipe Elevation: 
Date/Time: 
Comments: 

Water Level: 

Rev. 3l93 F3 17fcFfiaugt 



ENVIRONMENT& 
INFIIASTRUC’T’URE hlsmnt calibrata*on Log 

INSTRUMENT 

Actual 
Date Known Illstrument Adjustments Calibrated 

Calibrated Standard Reading BY Comments 

, 

coMMENTs: 

Rev. 993 FS(n/Eanh.Sci 



ENVIRONMENT & 
INFRASTRC~CTURE 

Atmospheric Monitoring Log 
Field Health and Safety 

,..) .,,,,,,,, 

Page - - 
Date / 9’ 

Circle: Sun Mon Tue Wed Thu Fri Sat 

Site: Project No.: 
Site Safety Offiier: 
Action Levels: D q - C n------C, B o- (Stop work, call in for instructions) 
(Check box and write in levels for upgrade) 
Task/Equipment 

Time OVA HNu 02 LEL HzS 
PPM PPM % % PPM 

Comments: Duration of Readings, 
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1 .O GENERAL 

This Site-Specific Health and Safety Plan (HASP) was prepared for the Risk Assessment 
(RA) Work Plan (WP) for the Ammunition Burning Ground (ABG), Demolition Range (DR), 
and the Old Rifle Range (ORR) at the Naval Surface Warfare Center Crane Division in 
Crane, Indiana (NAVSURFWARCENDIV), under Halliburton NUS Corporation Prime 
Contract No. N62472-90-D-1298 for the U.S. Navy, Southern Division, Charleston, South 
Carolina, in accordance with the regulatory requirements of 29 CFR 1910.120, “Hazardous 
Waste Operations and Emergency Response.” In addition, the scope of work shall comply 
with and reflect the following applicable regulations and appropriate guidance publications, 
as a minimum: 

. Federal Acquisition Regulation, F.A.R. Clause 52.236-l 3: Accident 
Prevention. 

. U.S. Army Corps of Engineers (USACE), Safety and Health Requirements 
Manual, EM 385-l-l (latest revision, 1987). 

l Occupational Safety and Health Administration (OSHA), Construction Industry 
Standards, 29 CFR 1926, and General Industry Standards, 29 CFR 1910. 

. NIOSH/OSHA/USCG/EPA, “Occupational Safety and Health Guidance 
Manual for Hazardous Waste Site Activities,” October 1985. 

. Environmental Protection Agency (EPA) 40 CFR, Part 61, “National Emission 
Standards for Hazardous Air Pollutants; Asbestos NESHAP Revision; Final 
Rule,” November 20, 1990. 

l Other applicable Federal, State, and local safety and health requirements. 

The purpose of this HASP is to summarize the project organization and responsibilities; 
establish standard operating procedures (SOPS) for preventing accidents, injuries, and 
illnesses; identify hazards; discuss the personal protective equipment that may be used; 
identify personnel health and safety training requirements; summarize the monitoring 
techniques; establish emergency procedures; describe the medical surveillance program; 
provide appropriate first aid equipment for site activities; provide for accident 
recordkeeping; and establish a schedule for safety inspections. 

This HASP addresses those activities associated with the Sampling Analysis Plan (SAP) 
field activities identified in the RA WP to be conducted at NAVSURRNARCENDIV 
(Figure l-l). Specifically, field investigation activities will be conducted at three Solid 
Waste Management Units (SWMUs), the ABG, DR, and the ORR (Figure l-2). 

l-l 
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NO SCALE 

SOURCES: CHESAPEAKE DIVISION, NAVAL FACILITIES ENGINEERING COMMAND, 11979 
AND NAVAL ENERGY AND ENVIRONMENTAL SUPPORT AGENCY, 1983. 
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This HASP will be implemented by the Rust Environment & Infrastructure (E&l) Regional 
Environmental Health and Safety Manager (REHSM), CLEAN Health and Safety Health 
Manager (CLEAN HSM), and the Site Health and Safety Officer (SSO) during site work. 
The SSO will be responsible for posting on-site the OSHA Job Safety and Health 
Protection poster. 

Compliance with this HASP is required of all personnel who enter the sites. Assistance in 
implementing this HASP can be obtained from the REHSM and the CLEAN HSM. 

The content of this HASP may change or undergo revision based upon additional 
information made available to health and safe@ personnel through monitoring results or 
due to changes in the technical scope of work. Any changes proposed must be approved 
by the REHSM and the CLEAN HSM. A HASP Field Modification Form is presented in 
Appendix C. 

1.1 SCOPE OF WORK 

l Surface Soil Sampling 
l Surface Water/Sediment Sampling 
l Soil Borings/Monitoring Well Installation 
. Monitoring Well DevelopmentlGroundwater Sampling 
l Surface Water and Groundwater Hydraulic Characterization 
l Tissue Sampling 

1.2 PROJECT PERSONNEL 

e/Frrm 

Lorrie Ransome, Ph.D. 
Rust E&l 

Charles Zeal, P.E. 
Rust E&l 

Pam Markelz 

Richard Tinsley,CSM 
Rust E&l 

David Richardson 
Rust E&l 

Ii.t!!s 

Designated Lead 

Project Manager 

Corporate Env. Health 
and Safety Director 

Regional Env. Health 
and Safety Manager 

Health and Safety 

l-2 

Work Phone HOme Phone 

414/458-8711 414/452-l 368 

414/458-8711 414/459-7301 

4141458-8711 4 1414574570 

708/955-6704 708/961-1361 

414/458-8711 414/459-9519 
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Rust E&l 

Rust E&l 
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., ,,, 
Work Phone Home Phone 

On-Site Health and 
Safety Officer 

(To be determined 
before field 
activities are 
initiated;) 

On-Site Health and (To be determined 
Safety Officer before field 
(Alternate) activities are 

‘. initiated) 

D:\CT07601\HASPi\TEXT 
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2.0 ASSIGNMENT OF HASP RESPONSIBILITY 

The following describes the health and safety designations and general responsibilities 
which will be implemented for field activities associated with the implementation of the 
RJWVP. 

2.1 CORPORATE HEALTH AND SAFETY MANAGER 

The REHSM and the CLEAN HSM have overall responsibility for development and 
implementation of this HASP. The HSMs shall approve any changes to this HASP due to 
modification of procedures or newly proposed site activities. 

The CEHSD will be responsible for the development of new company safety protocols and 
procedures necessary for field operations and will also be responsible for the resolution of 
any outstanding safety issues which arise during the site work. Health and safety-related 
duties and responsibilities will be assigned only to qualified individuals by the HSMs. 
Before personnel may work on-site, a current medical examination and acceptable health 
and safety training must be approved by the HSMs. 

2.2 SITE SAFETY OFFICER 

The HSMs shall direct the site health and safety efforts through an Assistant SSO as 
needed. The SSO will be responsible for implementing the HASP. The SSO may direct 
or participate in on-site activities as appropriate when this does not interfere with primary 
SSO responsibilities. The SSO has stop-work authorization which he/she will execute 
upon determination of an imminent safety hazard, emergency situation, or other potentially 
dangerous situations, such as detrimental weather conditions. Authorization to proceed 
with work will be issued by the HSMs in conjunction with the Project Manager. The Naval 
Explosive Ordnance Department (EOD) or Crane Army Ammunition Activity (CAAA) 
unexploded ordnance (UXO) expert also has stop-work authorization based on unexploded 
ordnance clearance activities. 

2.3 SUBCONTRACTORS 

Subcontracts will be issued for various tasks including soil boring and monitoring well 
installation. Other subcontracts may be issued for additional tasks, however, none are 
anticipated. Subcontractors shall comply with the requirements outlined in this HASP and 
in accordance with OSHA 29 CFR 1910 and 29 CFR 1926; but, in all cases, subcontractors 
shall be responsible for site safety related to or affected by their own field operations (i.e., 
heavy equipment operations). D:\CT076OlWASP1\TEXT 
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3.0 SITE LOCATION AND DESCRIPTION 

3.1 LOCATION 

The NAVSURFWARCENDIV is located at Crane, Indiana, which is approximately 75 miles 
southwest of Indianapolis. NAVSURFWARCENDIV is an active facility and encompasses 
more than 100 square miles. Activities conducted at the NAVSURFWARCENDIV include 
the manufacture, testing, and disposal of off-specification and out of date military 
ordnance. 

3.2 AMMUNITION BURNING GROUND (ABG) 

Open burning at the ABG commenced in the 1940s. Generally, waste military energetic 
materials are now open burned in specially constructed bum pans or concrete pads. 
Currently, 27 burn pans are in operation at the ABG. Burns are typically carried out by 
pouring bulk propellants or energetic material into the pans to several inches in depth and 
remotely igniting. 

Sludge burning pans are also in operation at the ABG. Sludge from various locations at 
the NAVSURFWARCENDIV are transported to the ABG and placed in the sludge burning 
pans, dewatered by gravity and an underdrain system, air dried to an optimum point, 
ignited, and burned in place. 

Red phosphorus along with spent (burned) pyrotechnics are mixed with flammable 
solvents, fuel oil, and production scrap wood to be burned a second time to assure 
complete destruction before transporting off site for disposal. 

The maximum amount of material burned per week is 490,000 pounds. The ABG covers 
approximately 20 acres. 

Access to this area is restricted. All personnel must report to the ABG Control Building 
prior to any on-site activities for instructions and clearance. 

3.3 DEMOLITION RANGE (DR) 

High explosive waste munitions have been disposed of at the DR by detonation since the 
1940s. The DR covers approximately 40 to 50 acres. From 1956 to 1960 as much as 
10 tons per day were disposed. Munitions are palletized, double charged and buried to 
assure detonation. 

3-l 
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Access to this area is restricted. All personnel must report to the DR Office located at the 
entrance of the site area. Mr. Luther Webster is the DR site manager and will be the 
NAVSURFWARCENDIV contact person for instructions and clearance prior to any on-site 
activities in this area. 

The site is located on a ridge top with four sedimentation ponds located at the base of the 
ridge to capture surface runoff. 

3.4 OLD RIFLE RANGE (ORR) 

The ORR was originally used as a Marine rifle range. Today it is used for explosive 
treatment and disposal. The 1 O-acre site has been used for open burning/flashing since 
or before 1983. Small projectiles that has been defused are burned in large pans to 
eliminate any remaining residue. This operation is conducted twice to assure of waste 
destruction. Metals and soils are then segregated and containerized in roll-off boxes for 
disposal. 

Access to this area is restricted. Clearance to this area shall be obtained through the DR 
officer (Mr. Luther Webster). 

D:\CT07601\HASPl\TEXT 
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4.1 WASTE DESCRIPTION/CHARACTERIZATION 

The following chemical information is presented in order to identify the types of materials 
that may be encountered at the SWMUs. Detailed information on these materials was 
obtained from: 

l ACGIH, Threshold Limit Values and Biological Exposure Indices for 1994-95. 
. Hazardlines. . . 
l Chemical Data Sheets. 
l NIOSH Pocket Guide to Chemical Hazards - 1990. 

The following is a list of chemicals and compounds that are potentially found on-site. 
Chemical Data Sheets and/or Hazardlines for each compound listed below, providing 
information such as the chemical’s characteristics, health hazards, protection, exposure 
limits, and first aid procedures are presented in Appendix A. These chemicals include: 

Ammonium Picrate 
Arsenic 
Barium 
Benzene 
Black Powder 
Cadmium 
Chromium 
Chromium Oxide 

Diesel Fuel 
DNB 
2,4 - DNT 
2,6 - DNT 
HMX 
Lead 
Mercury 
Nitroglycerin 

Phosphorus 
RDX 
Selenium 
Silver 
1,3,5-TNB 
2,4,6=TNT 
Trichloroethylene 

Waste Types: Liquid X Solid X Gas _ 
Sludge X Semi-solid Other 

Characteristics: Corrosive 
Explosive X 
Radioactive 
Other Toxic 

Flammable X 
Volatile X 
Inert 

Exposure limits for the chemicals of potential concern are presented in Table 4-I and the 
tasks, hazards, and control measures are shown in Table 4-2. 

4.2 DEGREE OF HAZARD 

On-site hazards include physical and chemical hazards. No radiological, biological, or 
laboratory wastes are suspected on-site. 

4-1 
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TABLE 4-1 

EXPOSURE LIMITS 
NAVSURFWARCENDIV 

CRANE, INDIANA 

Compounds 
PEL 
iIxu!d 

Benzene 
Trichloroethylene 
Diesel Fuel 

Metals 

Arsenic 
Barium 
Cadmium (dust) 
Chromium (VI) 
Chromium Oxide 
Lead (dust) 
Mercury”) 
Selenium 
Silver (Soluble) 

osrve Compounds 

2,4,6-Trinitrotoluene 
2,4-Dinitrotoluene 
2,6-Dinitrotoluene 
RDX 
HMX 
1,3,5Trinitrobenzene 
Dinitrobenzene 
Phosphorus 
Ammonium Picrate 
Nitroglycerin 
Black Powder 

-l PPm 
50 wm 

-- 

0.01 
0.5 

0.005 
1.0 
0.5 

0.05 
0.05 
0.2 

0.01 

0.5 
1.5 
1.5 
1.5 
-es 
w-m 
1.0 
--- 
--- 
--- 
--- 

TLV 
blrlm3i 

10 PPm 
50 wm 

5 

0.01 
0.5 
0.01 
0.5 
0.5 

0.15 
0.05 
0.2 
0.1 

0.5 
0.15 
0.15 
1.5 
--- 
mm- 
1.0 
--- 
--- 

0.05 ppm 
..-- 

STEL 
(malml 

5 PPm 
537 
1 OQ) 

o.oo2’3’ 
-- 
--- 
--- 
--- 
-a- 

0.03 
--- 
-- 

--- 
--- 
-- 
3(z) 
--- 
--- 
--- 
B-w 
--- 
0.1 
-- 

E! 

9.25 

9.47 

--- 

w-m 

es- 

--- 

we- 

--- 

--- 

--- 

-we 

m--, 

se- 

--.. 

se- 

--- 

--- 

--- 

--- 

D-e 

mm” 

--- 

--- 

Odor 
Jhresholds 

II .5-5 ppm 
20 PPm 

-- 

SW- 
-- 
-- 
--- 
--- 
--- 
-- 
-- 
-- 

-- 

--- 

-em 

-- 

-- 

--- 

--- 
-- 
--- 
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TABLE 4-l (Continued) 

EXPOSURE LIMITS 
NAVSURFWARCENDIV 

CRANE, INDIANA 

References: 
. . 

American Conference of Governmental Hygienists (ACGIH) Threshold Limit Values (TLV) 
for 1993. 
Hazard Lines 1992. 
1989 Amended Permissible Exposure Limits (PELs), U.S. Department of Labor, OSHA. 

IP - Ionization Potential. 
STEL - Short-Term Exposure Limit. 
PEL - Permissible Exposure Limit. 
TLV - Threshold Limit Value. 
PPM - Parts Per Million. 
W- All forms except alkyl vapor. 
t2) - This value is the ACGIH recommended 15-minute ceiling. An OSHA STEL ‘value was 

not available for this compound. 
w - This value is the NIOSH recommended 15-minute ceiling. An OSHA STEL value was 

not available for this compond. 
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TABLE 4-2 

TASK SPECIFIC HAZARD ASSESSMENT TABLE 
RISK ASSESSMENT WORK PLAN 

NAVSURFWARCENDIV 
CRANE, INDIANA 

TASK 

Surface Water/Sediment 
Sampling 

Soil Sampling 

Soil Borings Well ABG 
InstallatiorVGroundwater ORR 
Sample Collection DR 

Equipment Decontamination 

Tissue Sampling 

Groundwater Hydraulic 
Characterization 

Surface Water Hydraulic 
Characterization 

DR 

ABG 
ORR 
DR 

ABG 
ORR 
DR 

ABG 
ORR 
DR 

ABG 
ORR 
DR 

ABG 
ORR 
DR 

HAZARD 

Slip; Trip, Fall 
Dermal Contact 

Slip, Trip, Fall 
Dermal Contact 
Inhalation 
Thermal Stress 

Toxic/Explosive Atmosphere 
Explosive Devices 

Drill Rig (Heavy Equipment) 
Dermal Contact 
Inhalation 
Thermal Stress 

Toxic/Explosive Atmosphere 
Explosive Devices 

Dermal Contact 
Inhalation 
Thermal Stress 
Slip, Trip, Fall 

Slip, Trip, Fall 
Dermal Contact 

Dermal Contact 
Inhalation 

Slip, Trip, Fall 
Dermal Contact 

Flagging, Mark Hazards 
PPE, Harness, and Rope 
General Awareness 

General Awareness 
Flagging, Access Controls 
PPE 
Respiratory Protection 
WorMRest Cycles, Fluids 
Continuous Monitoring 
Work Closely With 11X0 Team 

Hard Hat, General Awareness 
,Access Controls 
PPE 
Respiratory Protection 
Work/Rest Cycles, Fluids 
Continuous Monitoring 
work Closely With 11X0 Team 

PPE 
Respiratory Protection 
Work/Rest Cycles, Fluids 
Access Controls, General 
Awareness 

Flagging, Mark Hazards 
PPE, Harness and Rope 
General Awareness 

Access Controls 
PPE, Respiratory Protection 
(General Awareness 

Flagging, Mark Hazards 
PPE, Harness and Rope 
(General Awareness 
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4.2.1 

The contaminants of concern at the sites can affect the body if they are inhaled, come in 
contact with the eyes or skin, or are ingested. These compounds may be released during 
soil sampling, monitoring well installations, monitoring well development, and well sampling 
activities. The primary concern is for skin exposure to contaminated soils and potential 
inhalation of organic vapors or dust released during soil intrusive activities. Exposure to 
these substances by inhalation (in the Breathing Zone (BZ)) is not anticipated due to the 
relatively low levels found in the soil and water from previous studies. 

Atmospheric monitoring, ‘however, will be conducted during all phases of on-site field 
activities to determine the need for upgrading to appropriate levels of respiratory protection, 
as found in Section 9.2. Exposure by skin absorption is a low to moderate possibility, but 
can be prevented by use of proper protective equipment and good hygiene practices. 
Table 4-l presents permissible exposure levels (PEL) for contaminants of concern. 

4.2.2 Physical M 

,._ 

Primary physical hazards at the site are those associated with drilling operations. Hazards 
that could be encountered during subsurface activities include falls and trips, injury from 
lifting heavy objects, falling objects, eye injuries, head injuries, and pinched or crushed 
hands and feet. Fire hazards may also be present due to the use of gasoline-powered 
heavy equipment, and the potential for explosive concentrations of vapors from flammable 
liquids in subsurface soils or volatile organic compounds associated with exposed wastes. 
During drilling operations, matting and planking may be needed around the drill rig to 
provide stability for the drill rig. The drilling contractor will make this decision. Also see 
Section 11.3 Safe Work Practices. 

Depending on seasonal weather conditions, there is potential for workers on-site to be 
affected by heat stress or cold exposure. The SSO will monitar for heat stress or cold 
exposure in accordance with Section 12.7 of this HASP. 

Soil boring activities and monitoring well installation provide potential for encountering 
buried hazards such as utilities. It shall be the subcontractor’s responsibility to obtain 
“clearance” from the local utilities prior to initiating intrusive activities. Overhead electrical 
lines shall also be identified.. If encountered, soil intrusive activities will be halted and the 
HSM’s will be notified. 

If dusty conditions exist during soil boring activities, the work zone area will be kept wet by 
spraying the work zone (WZ) with water to provide dust control. 

Noise related to soil boring operations during soil boring and monitoring well installations 
is expected to be minimal; however as a precaution, hearing protection will be available. 

4-2 
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Soil, sediment, and surface water sampling activities at the four sedimentation ponds 
exhibits the potential for slips and falls associated with wet surfaces and soft unstable 
sediment surfaces. The sampling does not represent any significant drowning hazard, 
however, a lifebelt and lanyard may be worn by the sampler as determined by the SSO. 

4.2.3 

It is possible that some unexploded ordnance (UXO) may be present in the SWMUs to be 
sampled. Because of this, the Halliburton NUS Team shall work with UXO specialists from 
NAVSURFWARCENDIV using equipment capable of detecting ordnance in all areas where 
field activities are to be conducted (Attachment B). A magnetometer, or other device 
determined appropriate by the NAVSURFWARCENDIV UXO specialists, with borehole 
capability of at least IO feet, shall be used to determine the presence/absence of 
subsurface UXO prior to drilling/subsurface sampling. Borehole monitoring shall be 
accomplished at 2-foot levels to a depth of at least 10 feet. If the geophysical equipment 
indicates a suspect UXO, an alternative drilling/subsurface sampling location shall be 
selected by the Halliburton NUS Team and SSO shall be immediately notified, Any 
unexploded ordnance shall be marked and access restricted in the immediate area. The 
NAVSURFWARCENDIV UXO Team shall be on-site with the drilling crew during the length 
of this project. 

Because sampling locations are located in the active SWMUs, the SSO shall arrange 
SWMU access with Thomas Brent (NAVSURFWARCENDIV Point of Contact). Only after 
clearance has been obtained will sampling proceed with the NAVSURFWARCENDIV UXO 
Team. The NAVSURFWARCENDIV UXO Team shall clear each sampling location prior 
to sample collection. No one shall venture outside of the investigation area without 
NAVSURFWARCENDIV UXO Team clearance. 

4.2.4 Natural Hazards 

Natural hazards such as weather, poisonous plants, bites from poisonous or disease- 
carrying animals and insects (i.e., snakes, ticks), cannot always be avoided. Refer to 
Section 12.0 for precautions and emergency procedures. 

4.2.5 Confined Stsace Entry 

Confined space entry is not anticipated for RA WP associated field activities and is, 
therefore, not addressed in this HASP. If confined space entry is necessary, work will be 
halted and the HSMs will be notified to prepare a plan before work continues. 

4.2.6 Spill Containment 

RA WP associated field activities are unlikely to require spill containment and are, 
therefore, not addressed in this HASP. D:\CT07601\HASP1\TEXT 
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5.0 TRAINING REQUIREMENTS 

5.1 BASIC TRAINING REQUIRED 

Personnel who are required to work in areas where the potential for toxic exposure exists 
shall complete training and have site experience conforming to the requirements of 29 CFR 
1910.120(e). In keeping with 29 CFR 1910.20, medical records and exposure records will 
be available to workers or his/her designated representative upon request. 

Training includes a 40-hour course which descrjbes procedures for working at hazardous 
waste sites. The procedures include a safety and health program, medical surveillance, 
decontamination, site characterization and analysis, protective clothing and monitoring 
equipment, site control work documentation, emergency response, engineering and 
administrative control to reduce exposure, and site safety evacuation procedures. 

Contractors/subcontractors shall provide written documentation that these training/ 
experience requirements have been met. An example of a training documentation form 
is presented on Figure 5-1. Personnel shall also be trained in the contents of Appendix B, 
“Respiratory Protection Program.” 

5.2 SITE-SPECIFIC TRAINING 

Site-specific training will be conducted by the SSO for on-site personnel and visitors to 
minimize exposure to potential of on-site hazards. Site-specific training will address the 
activities, procedures, monitoring, and equipment for the field operations at the ORR, DR, 
and ABG. This training will include identifying the names of personnel and alternate 
personnel responsible for site safety at the NAVSURFWARCENDIV. 

In addition, this training at a minimum will include the following: 

1. Site description and history. 
2. Project activities, including coordination with other contractors, 
3. Hazard evaluation. 
4. On-site safety responsibilities. 
5. Site control and work zones. 
6. Personnel training. 
7. Medical monitoring. 
8. Atmospheric monitoring. 
9. Personal protection, clothing, and equipment. 
10. Decontamination procedures. 
11. Emergency procedures. 
12. Review of site-specific material safety data sheets (MSDSs). 
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FIGURE 5-I 

OSHA TRAINING COMPLIANCE LETTER 

Note: The following statements must be typed on company letterhead and signed by an 
officer of the company. 

LOGO 
XYZ CORPORATION 
555 East 5th Street 
Nowheresville, Kansas 55555 

‘. 

Month, day, year 

(Project Manager) 
Rust Environment & Infrastructure 
4738 North 40th Street 
Sheboygan, Wisconsin 53083 

Subject: OSHA Compliance and Testing 

Dear (Project Manager): 

As an officer of XYZ Corporation, I hereby state that I am aware of the potential hazardous 
nature of the subject project. I also understand that it is our responsibility to comply with 
all applicable occupational safety and health regulations including those stipulated in 
Title 29 of the Code of Federal Regulations (CFR), Parts 1900 through 1910 and Parts 
1926. 

I also understand that Title 29 CFR 1910.120, “Hazardous Waste Operations and 
Emergency Response: Final Rule;” requires, but is not limited to, medical surveillance, for 
applicable employees, and appropriate level of training as required in paragraph (e) of 
29 CFR 1910.120 for employees engaged in certain hazardous waste operations. I hereby 
state that I have reviewed these requirements; understand Title 29 of the CFR, Parts 1900 
through 1910, and Part 1910, and Part 1926; and that XYZ Corporation and all of its 
employees who will perform work at the site are in full compliance. 
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The following employees have had 40 hours of introductory hazardous waste site training 
or equivalent work experience as required by 29 CFR 1910.120(e) and have had 8 hours 
of refresher training as required by 29 CFR 1910.120(e)(8). 

LIST EMPLOYEE NAMES, TYPE(S) OF TRAINING RECEIVED, AND DATES OF 
TRAINING HERE 

Sincerely, 

(Name of Company Officer) 
Tile 

D:\CT07601\HASPl\FIGURES 
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13. Safe work practices. 
14. Other elements covered in this site-specific HASP, 

This training will also allow field workers to clarify anything they do not understand and to 
reinforce their responsibilities regarding safe operations. Training must include emergency 
preparedness, location of assembly areas, proper entry and exit procedures for exclusion 
zone (EZ), warning systems, location of emergency equipment, and route to the hospital. 

5.3 SAFETY BRIEFINGS 

Project personnel will be given briefings by the SSO on a daily or as-needed basis to 
further assist site personnel in conducting their activities safely. Briefings will be provided 
when new activitiis are to be conducted, changes in work practices must be implemented 
due to new information made available, or if site or environmental conditions change. 
Briefings will also be given to facilitate conformance with prescribed safety practices when 
performance deficiencies are identified during routine daily activities or as a result of safety 
audits. 

5.4 SAFETY AUDITS 

The REHSM, as necessary, will conduct regular safety audits of field operations and 
subcontractor performance to review for compliance with health and safety policies and 
procedures. Health and Safety audit findings will be documented and corrective action 
taken. 

5.5 FIRST AID AND CPR 

At least two individuals shall be trained and qualified to administer first aid and 
cardiopulmonary resuscitation (CPR). 

The HSMs will identify the individuals possessing this training in order to ensure that 
emergency treatment is available during every workshift from a person qualified in first aid 
and CPR. These courses will be consistent with requirements of the American Red Cross 
and/or American Heart Association. 

D:\CT07601\HASPl\TEXT 
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6.0 MEDICAL SURVEILLANCE PROGRAM 

All Rust E&l personnel and subcontractors performing field work at the 
NAVSURFWARCENDIV will be required to have passed a pre-assignment and/or periodic 
medical examination that is consistent with 29 CFR 1910.120(f) and 29 CFR 1926.58. 
Medical examinations shall be performed by or under the supervision of a licensed 
physician, preferably one knowledgeable in occupational medicine. A release for work will 
be confirmed by the CHSM before an employee can begin hazardous site activities. 

Additional medical testing may be required by the CHSM in consultation with the company 
physician if an overt exposure or accident occurs, or if other site conditions warrant further 
medical surveillance. 

,.“,,. 

Contractors/subcontractors will maintain the medical records for their own employees, but 
shall also provide the SSO with written documentation certifying that each employee at the 
site has met the requirements of the Medical Surveillance Program. This documentation 
will be provided before the first day of work for each employee assigned to the site. An 
example of a medical documentation form is presented on Figure 6-l. The pre-assignment 
and annual examinations are essentially the same in content and are the examining 
physician’s discretion but generally include: 

An updated medical and occupational history 
A screening physical examination 
Blood and urine laboratory tests 
Chest X-ray 
Electrocardiogram 
Pulmonary function tests 
Audiometry 
Visual acuity test 

At the end of employment or if deemed necessary after a employee’s involvement in 
project-specific site work, he/she may have to complete a medical examination. This 
examination may be limited to obtaining an internal medical history of the period since the 
last full examination (consisting of medical history, physical examination, and laboratory 
tests). 

6.1 EMERGENCY MEDICAL TREATMENT 

,,, 
Provisions for emergency medical treatment shall be integrated with the overall Sit& 
Emergency Plan (see Section 12.0) and shall include: 

l At least two individuals per shift qualified to render first aid and CPR. 

6-l 
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MEDICAL SURVEILLANCE LETTER 

Note: The following statements must be typed on company letterhead and signed by an 
officer of the company. 

LOGO 
XYZ CORPORATION 
555 East 5th Street 
Nowheresville, Kansas 55555 

Month, day, year 

(Project Manager) 
Rust Environment & Infrastructure 
4738 North 40th Street 
Sheboygan, Wisconsin 53083 

Subject: OSHA Compliance and Testing 

Dear (Project Manager): 

As an officer of XYZ Corporation, I hereby state that the persons listed below participated 
in a medical surveillance program meeting the requirements contained in paragraph (9 of 
Title 29 of the Code of Federal Regulations, Part 1910.120 entitled “Hazardous Waste 
Operations and Emergency Response: Final Rule.” l further state that the persons listed 
below have had physical examinations under this program within the last 12 months and 
that they have been cleared, by a licensed physician, to perform hazardous waste site work 
and to wear respiratory protection. I also state that, to my knowledge, no person listed 
below has any medical restrictions that would preclude him/her from performing their 
assigned activities at the site. 
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LlST EMPLOYEE NAMES AND DATES OF MOST RECENT PHYSICAL EXAMS HERE 

Should you have any questions, please contact me at 5551555-5555. 

Sincerely, 

(Name of Company Officer) 
Tile 

D:\CT0760l\HASP1\FIGURES 
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. First aid kits in compliance with OSHA requirements and emergency first aid 
stations in the immediate work vicinity. 

l Conspicuously posted phone numbers and procedures for contacting 
ambulance services, fire department, police, and medical facilities. 

l Maps and directions to medical facilities (See Section 12.0). 

D:\CT07601\HASPl\TEXT 
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7.0 SITE CONTROL MEASURES 

The purpose of the site control measures discussed in this section are to maintain order 
at the sites and to minimize chemical and physical hazards to on-site personnel, visitors, 
and the public. Site control zones will include an EZ, a contamination reduction zone 
(CRZ), and a support zone (SZ). In addition, temporary activity-specific WZs will be 
established at specific locations. 

7.1 SITE ACCESS 

Access to the NAVSURFWARCENDIV is controlled through the pass office located at the 
NAVSURFWARCENDIV Main Entrance on Hwy 45 (Bloomington Gate). A driver’s license 
and proof of vehicle registration and insurance are required to obtain a pass. Once a pass 
has been acquired, access to the ABG, DR, and ORR are also controlled by checking in 
at each location. 

7.2 EXCLUSION ZONE 
1.. 

The EZ is the area containing or suspected of containing contaminated materials. Since 
investigation activities will be conducted throughout the NAVSURFWARCENDIV, each 
investigative area boundary shall be delineated as the EZ. 

7.2.1 Work Zones 

Temporary activity-specific WZs shall be established at each sampling activity. While 
completing soil borings and monitoring well installations the WZ shall be established and 
marked by safety rope or tape (see Figure 7-l). The WZ shall be a radius large enough 
to encompass the drill rig and allow sufficient space for safe work practices. A CRZ shall 
be placed at the WZ perimeter at an upwind location. A portable eye wash unit, fire 
extinguisher, towels, plastic garbage bags, decontamination supplies, and a first aid kit 
(sufficient to accommodate the field team) shall be placed in this CRZ. These supplies 
may be located in the vehicle parked adjacent to the WZ. 

A temporary WZ shall be established at each sampling location where surface soil samples 
are to be collected. These WZ areas shall be established by laying about 5 square feet 
of plastic sheeting next to the sampling location for the placement of equipment and 
supplies. A portable eye wash, first aid kit (sufficient to accommodate the field team), 
towels, plastic garbage bags, fire extinguisher, and decontamination supplies are also 

,, required in this area, which may be located in the truck. 
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FLAGGING 

’ 

I 
& WORK ZONE 

BORING 

STAGING ZONE ! 

NOTES: 

1. THE CRZ ZONE WILL CONTAIW: 

0 PORTABLE EMERGENCY EYEWASH UNIT 
0 FIRST AID KIT 
0 FIRE EXTINGUISHER 
. TOWELS / WIPE CLOTHS 

l WATER FILLED TUB 
0 55GALLON DRUM OR PLASTIC BAG 

2. @I ENTRY EXIT POINT 

3. THE STAGING ZONE (IF APPLICABLE) WILL CONTAIN SUPPORT 
ZONE ACTIVITIES AND PERSONNEL TRANSPORT VEHICLES 

w ENVIRONMENT& 
INFRASTRUCTURE 

SCALE: NTS 

AIW 1996 FIGURE 7- 1 
20615 

WORK ZONE LAYOUT 
RISK ASSBBSMLNT WORK PLAN 

NAVSURFWARCENDIV 
CRANE, INDIANA 
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7.3 PERSONNEL DECONTAMINATION 

Personnel decontamination areas will be established on-site. Personnel will 
decontaminate and/or dispose of soiled protective clothing (i.e., disposable boots and 
gloves, etc.) in the CR2 established next to the temporary WZ. A fixed personnel 
decontamination area will be established adjacent to the fixed equipment decontamination 
pad where, after equipment decontamination, personnel can decontaminate and dispose 
of protective clothing and equipment before exiting the EZ. Refer to Section 10 for further 
decontamination procedures. 

7.4 EQUIPMENT DECONTAMINATION P;;AD 

To prevent off-site transport of contamination, the drill rig and associated equipment and 
vehicles will be decontaminated at a decontamination pad prior to exiting the EZ. This 
location will be selected by the SSO and Field Team Leader prior to start-up of field 
activities at the NAVSURFWARCENDIV. Drilling equipment (augers, rods, etc.) will be 
steam-cleaned at the decontamination pad as necessary. Decontamination liquids will be 
allowed to infiltrate into the soil. Refer to Section 10.0 for further decontamination 
procedures. 

Sampling equipment such stainless steel hand augers, bowls, and spoons may be 
decontaminated at each sampling location. During decontamination, isopropanol rinses 
will be collected for later disposal at an approved NAVSURFWARCENDIV location. Other 
decontamination liquids will be allowed to infiltrate into the soil at each location. Refer to 
Section 10 for further decontamination procedures. 

7.5 SUPPORT ZONE 

The SZ is considered the uncontaminated area and will be identified by the SSO before 
field activities begin. It will contain the Command Post which will provide for team 
communications and emergency response. A mobile telephone will be located in this area. 
Appropriate sanitary facilities, safety, medical, and support equipment will be identified. 
No potentially contaminated personnel or materials are allowed in the SZ except for 
appropriately packaged/decontaminated and labelled samples. 

7.6 SITE VISITORS 

Visitors are required to report to the Field Team Leader and the SSO prior to accessing the 
sites, although none are anticipated. The SSO will document decisions regarding their 
access to the sites. If granted limited access, visitors must provide the SSO with 
documented compliance with Section 5.0 of this HASP, comply with other applicable 
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sections, and satisfy additional conditions placed on them as deemed appropriate by the 
SSO to ensure visitor safety. Visitors must sign in and out daily under the SSO’s direction 
for the duration of their approved visit. Under no circumstances will visitors be allowed to 
interfere with, or participate in operations within the scope of the field investigation. All 
visitors shall be escorted throughout the sites by appropriately trained personnel. 

As needed, the SSO will establish a designated Level D area as an observation point 
during intrusive activities. This designated area will be located to offer proximate viewing 
of site operations, and positioned such that visitors in no way may inhibit site access, 
logistics, or general operations. Further, the SSO will locate the viewing areas such that 
visitors present are at minimal risk of exposure to site hazards. 

D:\CT07601\HASPl\TEXT 
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8.0 PERSONAL PROTECTIVE EQUIPMENT 

8.1 GENERAL 

The level of protection to be worn by field personnel will be defined and controlled by the 
SSO. Personal protective equipment for general operations will be consistent with the 
requirements of 29 CFR 1910 Subpart I, “Personal Protective Equipment.” Basic levels 
of protection for hazardous waste operations will be selected in accordanc:e with the 
provisions of 29 CFR 1926.58(i), 29 CFR 1910.120(g)(3), “Personal Protective Equipment 
Selection,” and Appendix A, “General Description and Discussion of the Levels of 
Protection and Protective Gear.” Modification to basic protective equipment ensembles 
may be necessary for specific operations. In these cases, further definition will be provided 
by review of specific hazards, conditions, and proposed operational requirements, and by 
conducting air monitoring at the particular operation. Protection may be upgraded or 
downgraded, as deemed appropriate by the SSO and verified by the CHSM. 

8.2 ANTICIPATED LEVELS OF PROTECTION FOR SITE OPERATIONS 

l Surface Soil Sampling 
l Surface Water/Sediment Sampling 
. Monitoring Well Installation 
. Monitoring Well Development/Groundwater 

Sampling 
l Tissue Sampling 
l Surface Water and Groundwater Hydraulic 

Characterization 

Level D 
Level D 
Level D/C 

Level D/C 
Level D 

Level D 

Action levels used to determine the need to upgrade or downgrade the levels of protection 
are described in Section 9.2 of this HASP. 

Level D personal protective clothing and equipment includes: 

. Disposable Tyvek@ or equivalent coveralls. (Polyethylene Coated Tyvek@ 
required in sampling areas when splashing by contaminated soils or water is 
a possibility). 

. Hardhat (when overhead hazards exist). 

. Safety glasses or goggles. 

. Steel toe, steel shank boots. 
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. Disposable latex gloves - required when handling and collecting soil, water, 
sediment, and tissue samples. 

l Outer neoprene gloves - required when handling iand collecting soil, water, 
sediment, and tissue samples. 

l Disposable outer boots - required. 

. Noise protection - as warranted. 

. Lifebelt and lanyard - as warranted. 

Level C protective clothing and equipment includes: 

l Full-face air-purifying respirator National Institute for Occupational Safety and 
Health (NIOSH), Mining Safety and Health Administration (MSHA) approved 
fitted with acid gas/organic vapor/HEPA (High Efficiency Particulate Air filter) 
cartridges. 

. Disposable Tyvek coveralls. (Polyethylene Coated Tyvek@ required in 
sampling areas when splashing by contaminated soils or water is a possibility). “. 

. Disposable latex inner gloves. 

. Nitrile outer gloves. 

l Hard hat (when overhead hazard exists). 

l Steel toe, steel shank boots. 

l Disposable outer boots. 

Level B protective clothing and equipment includes the above Level C clothing with the 
addition of a self-contained breathing apparatus (SCBA) or supplied air-line respirator in 
place of an air-purifying respirator. If action levels are exceeded and based on evaluation 
of the conditions, and Level C protection is not sufficient and Level B respiratory protection 
is deemed necessary, work activities will be halted and arrangements for Level B 
equipment will be implemented. 

The use and care of respiratory protection will be in accordance with the protocols 
described in Appendix B. 

D:\CT0760l\HASP1\TEXT 
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9.0 AIR MONITORING 

9.1 GENERAL 

It will be necessary to monitor the atmospheric conditions during on-site field sampling 
activities to determine the possible need to upgrade the personal protection of on-site 
workers. Atmosphere at the sample extraction point, soil cuttings, and fluids produced 
during drilling shall be monitored. In addition, air monitoring will be performed in the 
worker’s BZ. 

9.1 .I 

Soil boring, and well installation activities will be initiated in Level D personal protection 
with the contingency to upgrade the level of protection based on the action levels. 

.,, ,,, 

Air monitoring will be performed at regular intervals throughout soil boring and well 
installation activities. A Flame Ionization Detector (FID) or Photoionization Detector (PID) 
shall be used to monitor the worker’s BZ and the geologic samples upon retrieval. Drill 
cuttings and fluids produced during drilling shall also be monitored. Radiological hazards 
are not anticipated to be encountered in the testing areas. 

9.1.2 
. 

Monitorina Well Development and Groundwater SamDIe Collsctior~. 

Monitoring well development and groundwater sample collection activities shall be initiated 
in Level D personal protection with the contingency to upgrade the level of protection 
based on the action levels. 

The PID/FID shall be used to continuously monitor the worker’s BZ and the well casing. 
Prior to initiating development, testing, or sampling activities, the field team will stand 
upwind of the well casing and remove the well cap, stand back, and allow the well casing 
to vent for about 5 minutes. If action levels are not exceeded in the worker’s BZ, 
development, testing, and/or sampling activities may proceed. 

9.1.3 Soil Sampling 

Soil sampling activities shall be initiated in Level D personal protection with the contingency 
to upgrade the level of protection based on the action levels. 

Air monitoring of the worker’s BZ shall be performed continuously during the sampling 
activities. An Organic Vapor Analyzer (OVA), FID, or HNu PID shall be used to monitor the 

..,, BZ and the sampling extraction point. 
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9.1.4 

Surface water/sediment sampling activities shall be conducted in Level D protecti,on. 
Atmospheric monitoring will be unnecessary because organic emissions are not anticipated 
due to the wet nature of the samples to be collected. 

9.1.5 

Tissue sampling activities including netting of fish and trapping of small mammals shall be 
conducted in Level D protection. Atmospheric monitoring will be unnecessary because 
organic emissions are not anticipated due to the nature of the samples to be collected. 

9.1.6 
. . Surfaca n 

Surface water hydraulic characterization activities shall be conducted in Level D protection. 
Atmospheric monitoring will not be necessary because organic emissions are not 
anticipated due to the activities being performed in open surface water. 

Personal protection, atmospheric monitoring, and well venting procedures as identified in 
9.1.2 above shall be followed for groundwater hydraulic characterization activities. 

9.2 ACTION LEVELS 

Instrumentation will include a PID equipped with a 10.2 eV lamp and/or a Century OVA 128 
FID. The action levels in this HASP will apply to site work during the duration of activities 
at the NAVSURFWARCENDIV. 

Instrument Action Levels 
Level of Respiratory 
ProtectiorQAction 

PID/OVA Continuous sustained readings 
to ? ppm above background 
(typically to 0.2 ppm) in BZ 

Level D 

PID/OVA* 

PID/OVA 

Continuous sustained readings 
of 1 ppm to 5 ppm above 
background 

Level C 
(based on identification 
of contaminant) 

Continuous readings at 
5 to 250 ppm above 
background in BZ 

Level B (if applicable) 
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If visible dust is detected while working in Level D, upgrade to Level C respiratory 
protection is required. However, engineering controls, such as wetting the WZ area with 
water to control dust, will be implemented when feasible. 

*In the event any action levels are exceeded, work activities shall be halted, and an 
attempt will be made to identify the contaminants present using calorimeter indicator tubes 
so that correct respiratory protection can be selected and action levels may be adjusted 
higher or more conservatively. The SSO shall notify the HSMs immediately prior to 
upgrading the level of respiratory protection. 

9.3 EXPOSURE MONITORING/AIR SAMPLING PROGRAM 

9.3.1 

Personal and perimeter air monitoring will not be conducted unless Level D ,action levels 
are exceeded in the EZ. The determination to perform personal and perimeter air 
monitoring will be determined by the REHSM after discussions with SSO. If an air program 
is deemed necessary, work activities will be halted and a monitoring plan will be 
developed. 

9.4 INSTRUMENT CALIBRATION AND MAINTENANCE 

Instrument calibration and maintenance shall be performed according to manufacturer’s 
specifications and documented on Field Instrument Calibration Logs. PID calibration shall 
be completed along with a FID calibration check on a daily basis. 

D:\CT07601\!4ASPl\TEXT 

9-3 



CLEAN CT0 #0076 
FINAL 

EPA ID NO. IN5 170 023 498 
NAVSURFWARCENDIV RA HASP 
JULY 1995 

10.0 DECONTAMINATION PROCEDURES 

The SSO shall determine the level of decontamination necessary based on the evaluation 
of specific work activities and the potential degree of contamination. Temporary. CRZs 
shall be established at each sampling location. 

10.1 EQUIPMENT 

The drill rig, associated equipment, and vehides will be decontaminated at a location 
on-site selected by the SSO prior to start-up of field activities in the EZ. Drilling equipment 
(augers, rods, etc.) will be steam-cleaned between sampling locations. These 
decontaminations will be performed on the ground away from the drilling location. 

Non-disposable sampling equipment will be decontaminated before use, between samples, 
and before leaving the sampling location. 

Equipment that cannot be immersed in soap solution and water will be wiped clean and 
rinsed with distilled water. 

10.2 PERSONNEL 

Personnel will perform decontamination in the personal decontamination area. 
Decontamination of personnel in Level D will consist of removal and disposal of coveralls 
(when worn) disposable boots, and gloves. Decontamination of personnel using Level C 
protective equipment will consist of: 

. Washing boots, waders, or other non-disposable protective equipment, (i.e., 
hard hat, safety glasses/goggles, etc.) suspected of being contaminated using 
soap solution followed by potable or distilled water rinse. 

. Removal and disposal of boot covers and waders if ‘worn. 

. Removal and disposal of coveralls. 

. Removal and disposal of outer gloves. 

. Removal, cleaning, and storage of respiratory equipment. 

. Removal and disposal of inner gloves. 
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10.3 CONTAMINATION PREVENTION 

One of the most important aspects of decontamination is the prevention of contamination. 
Good contamination prevention should minimize worker exposure and help ensure valid 
sample results by precluding cross-contamination. Procedures for contamination 
avoidance include: 

Personnel 

. 

. 

. 

Know the limitations of all personal protective equipment being used. 
‘- 

Do not walk through areas of obvious or known contamination. 

Do not handle or touch contaminated materials direct:ly. Do not sit or lean on 
potentially contaminated surfaces. 

Make sure all personal protective equipment has no cuts or team prior to 
donning. 

Fasten all closures on suits, covering with tape, if necessary. 

Particular care should be taken to protect any skin injuries. 

Stay upwind of airborne contaminants. 

Do not carry cigarettes, gum, food, or candy into contaminated areas. 

On-site personnel are encouraged to shower at the end of their work day. 

Samp)no/Monitoring 

l Cover instruments with clear plastic, leaving openings for sampling ports, and 
sensor points. 

. Bag sample containers prior to placement of sample material into containers. 

Heavy F,quipment 

l Care should be taken to limit the surface area of equipment that comes into 
contact with contamination. 
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General 

. If contaminated tools are to be placed on noncontaminated equipment,for 
transport to the decontamination pad, plastic should be used to keep the 
equipment clean. 

. Spoils from sampling work should be placed so as not to be in the expected 
paths of individuals. 

10.4 DISPOSAL PROCEDURES .- 

Waste materials and other field equipment/supplies shall be handled in such a way as to 
preclude the potential for spreading contamination, creating a sanitary hazard, or causing 
litter to be left on-base. See Section 13.0 of the Risk Assessment Work Plan for details 
regarding investigation-derived waste disposal procedures. 
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11 .O GENERAL SAFE WORK PRACTICES AND COMMUNICATIONS 

11.1 SAFETY EQUIPMENT 

Basic emergency and first aid equipment will be available at the SZ and/or the CRZ, as 
appropriate. This shall include communications equipment, first aid kit (sufficient to 
accommodate field team), emergency eye wash, and other safety-related equipmient. Fire 
extinguishers will be provided, inspected, and available on-site. 

11.2 COMMUNICATIONS 

Walkie-Talkies - Hand-held units shall be used as much as possible by field teams for 
communication between downrange operations and the Command Post base-station. 

Telephones - A mobile telephone will be located in the Command Post area in the SZ for 
communication with emergency support services/facilities. 

Hand Sianals - Hand signals will be used by downrange field teams in conjunction with the 
buddy system. These signals are very important when working with heavy equipment. 
They shall be known by the entire field team before operations commence and reviewed 
during site-specific training. 

Sianal _ 

. Hand gripping throat 

l Grip partner’s wrist 

. Hands on top of head 

l Thumbs up 

l Thumbs down 

Meanina 

Out of air; can’t breathe 

Leave area immediately; no debate 

Need assistance 

OK; I’m all right; I understand 

No; negative 

11.3 SAFE WORK PRACTICES 

The following safe work practices will be implemented during site operations: 

l Only properly trained and equipped personnel will be allowed to work in 
potentially contaminated areas. 
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l The number of personnel and equipment in the sampling areas will be kept to 
a minimum, consistent with safe site operations. 

l Workers shall adhere to the “buddy system” while working downrange and in 
designated EZs. Radio contact shall be maintained between pairs on-site in 
order to assist each other in case of emergencies. 

l Workers shall not exit EZs until soiled equipment and clothing have been 
removed and decontaminated or properly disposed elf. 

. Eating, drinking, chewing gum or-tobacco, smoking, or any practice that 
increases the probability of hand-to-mouth transfer, ingestion, and inhalation 
of potentially contaminated materials is prohibited. 

l As necessary, personnel will thoroughly wash their hands and faces upon 
leaving the investigation areas. 

l Contact with potentially contaminated materials and surfaces shall be avoided. 
Personnel shall comply with contamination control measures. 

. Personnel with facial hair or other facepiece seal obstructions will not be 
permitted to work where respirators are required. 

l Work shall only be conducted if adequate illumination is provided, i.e., visual 
observation is not impaired due to loss of daylight conditions. 

Drilling 

While the drilling subcontractor is responsible for safe means and methods of operating 
their drill rigs, (refer to Section 2.3 of this HASP), personnel working near drill rig 
operations shall be aware of the following safe work practices: 

. Drillers shall inform personnel working with drill rig activities, (i.e., soil boring 
operations) as to the location of the emergency stop device. 

. No drilling within 20 feet in any direction of overhead power lines will be 
permitted. The locations of all underground utilities must be identified and 
marked prior to initiating any subsurface activities. 

. In the event the drill rig would come in contact with an electrical source, do not 
touch any part of the equipment or attempt to enter or leave it. Do not touch 
any person who may be in contact with electrical current. If rescue is 
attempted, only use a dry, dean rope or unpainted wooden pole. 
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. Personnel must develop hand signals with equipment operators. 

l A remote sampling device must be used to sample drill cutting if the tools are 
rotating or if the tools are readily capable of rotating. Samplers must not reach 
into or near the rotating equipment, If personnel must work near any tools 
which could rotate, the driller must shut down the rig prior to initiating such 
work. 

. Drillers, helpers, and samplers must secure all loose clothing when in the 
vicinity of drilling operations. 

. “All” compressed gas cylinders must be stored and used in an upright position, 
properly secured and protected from damage, and segregated and labeled as 
empty, full, or in use. 
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12.0 EMERGENCY PREPAREDNESS 

12.1 EMERGENCY COORDINATOR 

The Site Emergency Coordinator shall be the SSO. The SSO shall implement the 
emergency action plan as outlined in 29 CFR 1910.38. Although the following six items 
are typically more applicable to operating facilities, they will be implemented to the extent 
possible when applicable. 

. Emergency escape procedures and routes. 

l Procedures for those remaining for critical operations (this will not apply). 

. Procedures to account for employees after evacuation. 

. Rescue and medical duties. 

. Preferred means of reporting fires and emergencies. 

, I  

.  Names, job titles, or departments to contact for additional information of duties 
outlined in this HASP. 

12.2 EMERGENCY SERVICES CONTACTS 

The Site Emergency Coordinator (SSO) shall verify appropriate emergency contacts and 
will make contact with them before beginning work on-site. The Site Emergency 
Coordinator (SSO) will inform the emergency contacts about the nature and duration of 
work expected on the base and the type of contaminants and possible health or safety 
effects of emergencies involving these contaminants. Also at this’ time, the Site Emergency 
Coordinator (SSO) and the emergency response units shall make arrangements to handle 
any emergencies that might be anticipated. 

EMERGENCY PHONE NUMBERS: 

Police Department: 
Fire Department: 
Hospital: 
Hospital Address: 

Ambulance: 

3300 NAVSURFWARCENDIV Base 
3300 NAVSURFWARCENDIV Base 
Bloomington Hospital 
601 West Second Street 
Bloomington, IN 
8 12/336-95 15 
Base 3300 
Hospital - 8121336-9515 
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National Response Center: I-800-424-8802 
Poison Control Center: I-800-942-5969 
REHSM: Richard Tinsley 708-955-6600 (work) 

708-961-l 361 (home) 
sso: To be determined before field activities begin 

HOSPITAL ROUTE: 

A hospital route map and written description depicting the route to the hospital from the 
investigation area is presented on Figure 12-1:- 

Once the SZ is established, and before field activity start-up, the Site Emergency 
Coordinator (SSO) shall drive the route to the hospital, post directions and/or a map to the 
hospital, and set up the first aid station including a IO-pound Type A/B/C fire extinguisher. 

12.3 IMPLEMENTATION 

The Site Emergency Coordinator (SSO) shall implement the emergency action procedures 
whenever conditions at the site warrant such action. The Site Emergency Coordinator 
(SSO) will be responsible for coordinating the evacuation, emergency treatment, and 
emergency transport of site personnel as necessary, and for notification of emergency 
response units and the appropriate management staff. In the event an evacuation is 
necessary, the SSO will take a role count at the designated gathering location with the use 
of the daily sign in and out sheet. The following conditions may require implementation of 
emergency action procedures: 

. Fire or explosion on-site. 

l Serious personal injury. 

. Release of hazardous materials, including gases or vapors at levels greater 
than the maximum use concentrations of respirators. 

l Unsafe working conditions, such as inclement weather. 

12.4 FIRE OR EXPLOSION 

If an actual fire or explosion has taken place, emergency steps will include 1) evacuation 
of work area and venting, and 2) notification of fhe fire department and other appropriate 
emergency response groups if necessary. 
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12.5 PERSONAL INJURY 

Emergency first aid will be administered on-site as appropriate. Then the individual will, be 
decontaminated if possible, depending on the severity of the injury, and transported to the 
nearest medical facility if needed. 

12.6 OVERT CHEMICAL EXPOSURE 

Typical response procedures include: 

SKIN CONTACT: Use copious amounts of soap and water. Wash/rinse affected 
area thoroughly, then provide appropriate medical attention. Eye 
wash will be provided on-site at the CRZ and/or SZ. Eyes should 
be rinsed for 15 minutes upon chemical contamination. 

INHALATION: Move to fresh air and/or, if necessary, decontaminate/transport to 
hospital. 

INGESTION: Decontaminate and transport to emergency medical facility. 

PUNCTURE 
WOUND OR 
LACERATION: Decontaminate and transport to emergency medical facility. The 

SSO will provide medical data sheets to medical personnel as 
requested. 

12.7 ADVERSE WEATHER CONDITIONS 

In the event of adverse weather conditions, the SSO will determine if work can continue 
without endangering the health and safety of field workers. Some items to be considered 
before determining if work should continue are: 

. Potential for heat stress and heat-related injuries. 

. Potential for cold stress and cold-related injuries. 
l Treacherous weather-related working conditions. 
l Limited visibility. 
. Potential for electrical storms. 
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12.7.1 Heat Stress 

The SSO shall visually monitor personnel to note for signs of heat stress. Field personnel 
will also be instructed to observe for symptoms of heat stress and methods on how to 
control it. One or more of the following control measures can be used to help control heat 
stress: 

. Provide adequate liquids to replace lost body fluids. Personnel must replace 
water and salt lost from sweating. Personnel must be encouraged to drink 
more than the amount required to satisfy thirst. Thirst satisfaction is not an 
accurate indicator of .adequate salt-and fluid replacement. 

. Replacement fluids can be commercial mixes such as Gatorade@ 

. Establish a work regime that will provide adequate rest periods for cooling 
down. This may require additional shifts of workers. 

l Cooling devices such as vortex tubes or cooling vests can be worn beneath 
protective garments. 

. Breaks are to be taken in a cool rest area (77°F is best).. 

. Personnel shall remove impermeable protective garments during rest periods. 

. Personnel shall not be assigned other tasks during rest periods. 

. Personnel shalt be informed of the importance of adequate rest, acclimation, 
and proper diet in the prevention of heat stress. 

The heat stress of personnel on-site may be monitored utilizing biological monitoring or the 
Wet Bulb Globe Temperature Index (WBGT) technique when workers are not wearing 
protective coveralls (i.e., Tyvek@). This method will require the use of a heat stress 
monitoring device. 

One of the following biological monitoring procedures shall be followed when the workplace 
temperature is 70°F or above. 

. Heart rate (HR) shall be measured by the pulse for 30 seconds as early as 
possible in the resting period. The HR at the beainninq of the rest period 
should not exceed 110 beatslminuk. If the HR is higher, the next work period 
should be shortened by 10 minutes (or 33 percent), while the length of rest 
period stays the same. If the pulse rate is 100 beats/minute at the beginning 
of the next rest period, the following work cycle should be shortened by 
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33 percent. The length of the initial work period will be determined by using 
the table below. 

PERMISSIBLE HEAT EXPOSURE THRESHOLD L#MIT VALUES 

Work-Rest Regimen Liaht 
Work Load 

Moderate 

Continuous Work 8O.O”F 80.O”F 77.O”F 

75% Work - 
25% Rest, Each Hour 

87.O”F 82.4”F 786°F 

50% Work - 
50% Rest, Each Hour 

88.5”F 85.O”F 822°F 

25% Work - 
75% Rest, Each Hour 

9O.O”F 88.O”F 86.O”F 

. Body temperature shall be measured orally with a clinical thermometer as 
early as possible in the resting period. Oral temperature at the mnnina of 
the rest period should not exceed 99 0 F. If it does, the next work period should 
be shortened by 10 minutes (or 33 percent), while the length of the rest period 
stays the same. However, if the oral temperature exceeds 99.7”F at the 
beginning of the next rest period, the following work cycle shall be further 
shortened by 33 percent. OT should be measured at the end of the m 
period to make sure that It has dropbed below 99’E. At no time shall work 
begin with the oral temperature above 99°F. 

12.7.2 Cold Exnosure 

If field activities occur during a period when temperatures average below freezing, the 
following guidelines will be followed. 

Persons working outdoors in temperatures at or below freezing may be subject to frostbite. 
Extreme cold for a short time may cause severe injury to the surface of the body, or result 
in profound generalized cooling of the body core, resulting in coma and death. Areas of 
the body which have high surface area-to-volume ratio such as finaera, m, and m are 
the most susceptible. 

Two factors influence the development of a cold injury; ambient temperature and the 
velocity of the wind. Wind chill is used to describe the chilling effect of moving air in 
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combination with low temperature. For instance, 10°F with a 15-mile per hour (mph) wind 
is equivalent to chilling still air to -18°F. 

As a general rule, the greatest incremental increase in wind chill occurs when a wind of 
5 mph increases to 10 mph. Additionally, water conducts heat 240 times faster than air. 
Thus, fhe body cools suddenly when chemical protective wipment - is removed if the 
clothina underneath is perspiration-soaked 

Local injury resulting from cold is included in the generic term frostbite. There are several 
degrees of damage. Frostbite of the extremities can be categorized into: 

. Frost nio or incipient frostbite: Characterized by sudden blanching or 
whitening of skin 

. upetficial frostbite: Skin has a waxy or white appearance and is firm to the 
touch, but tissue beneath is resilient. 

. Deep frostbit%: Tissue is cold, pale, and solid; extremely serious injury. 

Prevention of frostbite is vital. Keep the extremities warm. Wear insulated clothing as part 
of one’s protective gear during extremely cold conditions. Check for symptoms of frostbite 
at every break. The onset is painless and gradual--you may never know you have been 
injured until it is too late. 

. . 
To admlnlste r first aid for frostbite, bring the victim indoors and rewarm the areas quickly 
in water between 39°C and 41 “C (102°F to 105°F). Give a warm drink--m coffee, tea, 
or alcohol. The victim should not smoke. Keep the frozen parts in warm water or covered 
with warm clothes for 30 minutes, even though the tissue will be very painful as lit thaws. 
Then elevate the injured area and protect it from injury. Do not allow bliste’rs to be broken. 
Use sterile, soft, dry material to cover the injured areas. Keep victim warm and get 
jmmediate medical care. 

After thawing, the victim should try to move the injured areas a little, but no more than can 
be done alone (without help). 

. Do m rub the frostbitten part (this may cause gangrene). 
l Do m use ice, snow, gasoline, or anything cold on frostbite. 
. Do m use heat lamps or hot water bottles to rewarm the frostbitten area. 
. Do m place the body part near a hot stove. 

Systemic hypothermia is caused by exposure to freezing or rapidly dropping temperature. 
Its symptoms are usually exhibited in five stages: 1) shivering; 2) apathy, listlessness, 
sleepiness, and (sometimes) rapid cooling of the body to less than 95°F; 
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3) unconsciousness, glassy stare, slow pulse, and slow respiratory rate; 4) freezing of the 
extremities; and, finally, 5) death. 

Effects arising from cold exposure will be minimized by providing workers with1 insulated 
clothing when the equivalent chill temperature is less than 30°F as defined and presented 
in the ACGIH booklet in Table 5. Furthermore, field activities will generally be curtailed or 
halted if the equivalent chill temperature is below -20°F. The ultimate responsibility for 
delaying work at a site due to inclement weather rests with the SSO. 

12.8 POISON IVY 

If personnel come in contact with poison ivy, the individual should immediately wash the 
affected area with Ivy Cleaner provided in the first aid kit. If a rash develops, it should be 
treated at a medical facility as soon as possible. 

12.9 SNAKES AND TICKS 

12.9.1 Snake Bite Prevention and First Aid 

On project sites, precautions against the possible presence of snakes should1 be taken 
when walking through overgrown vegetation and when moving debris (i.e. lumber, scrap 
metal, etc.). If someone is bitten by a snake, and the snake bite occurs in a location that 
is within a l-hour drive of a medical facility, a conservative approach is safest. Keeping 
the victim quiet, lying or sitting, and reassuring him/her is all that is requiredl. He/she 
should be transported safely (no speeding) to the nearest medical facility. For the 
reassurance of both the victim and the first aider, a snake bite is not nearly as dangerous 
as popular mythology would suggest. In North America, death from snake bite to healthy 
adults is very rare. Many bites, even from known poisonous snakes, do not Iresult in a 
significant amount of venom being injected. Even when significant envenom occurs, 
symptoms develop slowly over many hours and can be controlled with appropriate 
treatment. Field treatments advised against include ice, cutting and suction around the 
wound, and tourniquets. Studies indicate that ice leads to increased tissue destruction. 
Cutting and sucking out the wound can be shown to offer some help if it is done with the 
correct technique and equipment and if the victim has received a large dose of venom. In 
light of the damage that can be done, the risk of such a procedure is too high. It: is best to 
transport the person immediately to a medical facility. 

12.9.2 Tick Bite Prevention and First Aid 

Routinely check for ticks after being outdoors. Remove ticks as soon as possible before 
they embed. To minimize exposure, wear light-colored clothing so ticks can be detected. 
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Tuck pants into boots or socks and wear longsleeved shirts. Apply tick/insect repellent to 
clothing. 

When a tick is found embedded, remove it by grasping it with a tweezers as close to the 
skin as possible and gently pull it straight out. Do not twist or jerk the tick because the 
head may remain embedded. Once the tick is removed, was’h the bite area and your 
hands with soap and water and apply an antiseptic to the bite. Save the tick in a jar 
labeled with the date and the place where the tick was acquired. A physician may find this 
information and the tick specimen helpful in diagnosis if an infection results. 

12.10 ACCIDENT/INJURY REPORTING AND RECORDKEEPING 

The SSO shall maintain logs and reports covering health and safety aspects of the project 
throughout the duration of work activities. In the event of an on-site accident resulting in 
an exposure or injury, the SSO shall immediately complete an Accident/Injury Report form 
and send a copy to the Rust E&l CHSM. In the event of an accident or injury, the Rust E&l 
CHSM and Proj’ect Manager shall notify the Navy. The SSO shall be responsible for 
maintaining on-site, the routinely completed records and forms listed in Section ‘14.0 of this 
HASP. 
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13.0 AUTHORIZATIONS AND FIELD TEAM REVIEW 

13.1 AUTHORIZED PERSONNEL 

Personnel entering the NAVSURFWARCENDIV investigation areas while field activities 
are being conducted must be authorized by the HSMs. Authorization will involve 
completion of appropriate training courses and medical examination requirements as 
required by OSHA 29 CFR 1910.120, current fit-testing and review and sign-off of this 
HASP. All personnel must be escorted by appropriately trained personnel, and check in 
with the Field Team Leader at the Command Post. 

PERSONNEL AUTHORIZED TO PERFORM WORK ON-SITE: 

1. David Richardson 
2. Charles Zeal 
3. Jeff Maletzke 
4. Rob Stenson 
5. Personnel Authorized by the Rust E&l REHSM and the CLEAN HSM 

OTHER PERSONNEL AUTHORIZED TO ENTER SITE: 

1. U.S. Navy Representatives 
2. CAAA Representatives 
3. Halliburton NUS Personnel 
4. Subcontractor Personnel 
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13.2 FIELD TEAM REVIEW 

Each field team member shall sign this section after site-specific training is completed qnd 
before being permitted to work on site. 

I have read and understand this Health and Safety Plan. I will comply with the 
provisions contained therein. 

Site/Project: CONTRACT TASK ORDER NO. 0076 
NAVAL SURFACE WARFARE CENTER CRANE DIVISION 
CRANE, INDIANA .- 

. 
Name Printed 

. 
lanature I --- 

1 - 

I 

I -- 

1 - 

I -- 

D:\CT07601\HASPl\TEXT 

13-2 



CLEAN CT0 #0076 EPA ID NO. IN5 170 023 498 
FINAL NAVSURFWARCENDIV RA HASP 

JULY 1995 

14.0 RECORDKEEPING 

The following records and reports will be established and kept as appropriate for the 
activities associated with implementing the RA WP. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

Accident/Incident Reports 
Daily Sign In/Sign Out Log 
Air Monitoring Records 
Sample Chain of Custody Form 
Personnel Training Certificates .- 
Site-Safety Orientation Log 
Health and Safety Audit Reports 
Instrumentation Calibration Logs 
Material Safety Data Sheets/Chemical Data Sheets/Hazardlines 
Medical Data Sheets (to be sent with injured personnel to hospital) 
Medical Examination Reports (Physician’s Written Opinion) 
Respirator Fit Test Records 
Respirator Inspection Records 
Job Exposure Report 

A blank Medical Data Sheet is included as the next page ofthis document. A Medical Data 
Sheet will be completed for each person working at the site. 
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CLEAN CT0 #0076 
FINAL 

EPA ID NO. IN5 170 023 498 
NAVSURFWARCENDIV RA HASP 
JULY 1995 

MEDICAL DATA SHEET 

Project Name/Location: 

Employee Name: Home Telephone: - 

Address: 

Birthdate: 

‘” 

Height: Weight: - 

Drug and Other Allergies: 

Notable Medical Conditions/Medical Restrictions: 

Do You Wear Contact Lenses? 
Dentures? 

Yes 
Yes 

No 
No 

Are you using any medications? Yes No Please list: 

Emergency Contact: 
Address: 

Relationship: __ 
Phone: ( )- 

Personal Physician: 
Address: 

Phone: ( )- 
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APPENDIX A 
TO HEALTH AND SAFETY PLAN 

CHEMICAL DATA SHEETSIHAZARDLINES 



11003 FZE-ENTER PARAGRAPH SELECTION,, + INVALIrl COTIF WAS A;-: 

ENTER DOCUMENT SELECTION + -: 9 9FRINT ALL/IIOC=1 

02 INVALID. l . ENTER 1tOCUMENT SELECTION t DOC=) + _: + .PRINT ALL/DOC=l 

1 
AN ACCESSION NUMFcER: 155. 6 9312. 
CN CHEMICAL NAME: AMMONIUM PICRATE. 
SY SYNONYMS: AMMONIUM YICRONITRATE+ OBELINE PICRATE, FXCRIC ACID? 

AMMONIUM SALT, F’ICKATE OF AMMONIA, AMMONIUM CARBAZOATE, UN 0004, 
F’ICRATOL, 2~4rS-TRINITROPHENOLP AMMONIUM SALT. EXPLOSIVE Kl. RCRA POO9, 
AMMONIUM F'ICRATEY DRY, 

RN CAS NUMBER: 131-74-8. 

REG + TOXIC NUMBER: ES3855000. 

CHEMICAL FORMULA: CbHbN407. . . 
F XI 

PHYSICAL DESCRIPTION: 
YELLOW CFiYSTA1.S. 

M 0 I.. W T : 24L.16 
EC 0 I I... I N G F T : EXFLODES AT 793 F 
SGLUEILITY: 1 % 
FLASH F’T: EXF’LOSIVE 
VAF’OR F’RES: NOT AVAILABLE 
MELT F’T: DECOMF’CiSES 
UEL IN AIR: NOT AVAILABLE 
LEL IN AIR: NOT AVAILABLE 
MEC IN AIR: 
SF’EC GRAVITY: 1 l 7 
VAPOR DENSITY: 
ODOR THRESHOLD: 
OCTANOL/WATER CO-EFFICIENT:+ 

EL 
PERMISSAELE EXF’OSURE: 
Ni) OCCUPATIONAL EXPOSURE LIMITS ESTABLISHED BY OSHAr ACGIH QR NIOSH 
CERCLA HAZARD RATINGS - TOXICITY 3 - IGNITABILITY 3 - REACTIVITY 3 - 
FERSTSTENCE 2 
TOXICOLOGY: AMMONIUM F'ICRATE IS A SKIN9 EYE ANTI MUCOUS MEMBRANE 
IRRITANT1 AND IS A SKIN SENSITIZER+ THERE IS INSUFFICIENT OATA 
TO FIJLI..Y OIJANTIFY THE TflXICTTY, EXF’OSURE MAY RESULT IN NAUSEA;r 
AELlnMINAL FAIN? YELLOW STAINING OF THE SKIN? CONVUI..SIONS AND DEATH. 

29CFRlY10.1200 OSHA HAZARD COMMUNICATION STANDARD REQIJIRES CHEMICAL 
MANUFACTURERS AND IMF’ORTERS TCi ASSESS THE HAZARDS OF CHEMICALS WHICH THEY 
F’RODUCE OR ItiF’ORT I AND ALL EMF’l..OYEF:S TO F'ROV.IDE INFORMATION TO THEIR 
EMF’LOYEES CONCFRNING HAZAKIIOU S CHEMICALS EY MEANS OF A HAZARD 
COMMUNICATION F’EOGRAMp LABELS AND OTHER FORMS OF WARNING, MATERIAL SAFETY 
DATA SHEETS 9 AND INFORMATION AN61 TRAINING+ REQUIRES DTSTRIEUTORS TO 
TRANSMIT RERUIREII INFORMATION TO EMFLOYEES. 

11 A N G E I? c1 I! S E X F’ 0 S U R 1: : 
NONE SF’ECIFTED 

YELLOW CHYS’TAL.S, 
rt .’ 

‘KNr:OMPkTIEIL.ITIES: 
SUL.F’t.lli”r~ CHLOR’I DE, THERMAL. DFCC’MPOSTTTON F’F:nI’IUCTS ARE HAZARrIOUS AND/OR 
-I’ C! Y 1 1: . 

1:: L 
, ‘. , i-l T \I r ;\I i’i : 



I- P. u I k. i, 1 1 ‘J IL L 1.. U I ti i N L> 64 N i.1 t U \J L h’ fl IT. N I N ti C. E S S A 1%: r I 11 k’ R E L’E N T 6: E F’ E A I F. [I 0 R 

F’RCIL.ONGEII SKIN CONTACT WITH THIS SUBSTANCE. FACE SIIiIEI...DS SHALL T:OMF’Ly 
WITH 23CFK1910,133~A~(2~~ (A)(4)? (A)(5)r AND (A)(b)“, 

WEAR EYE PROTECTION TO F’REVENT: 
EMF’LOYERS SHALL FROUIDE ANIl ENSURE THAT EMF’LOYEES IJSE DUST-RESISTANT 
SAFETY GOGGLES WHICH COiMF'LY WITH 29CFR1910,133(A)(:~)-(A)(b) WHERE THIS 
SOLID MAY CONTACT THE EYES, 

EMF’LOYEE SHOULD WASH: 
EMF’LOYEF:S SHALL ENSURE THAT EMF’LOYEES WHO HANIlLE THXS SUESTANCE WASH 
THEIR HANDS THOROUGHLY WITH SOAP OR MILD DETERGENT AND WATER BEFORE 
EATING7 SMOKING, OR USING TOILET FACILITIES. 

WORK CLOTHING SHOULD ISE CHANGEI’ DAILY: 
EMF’COYERS SHAI..L ENSURE THAT EMFLOYEES WHOSE Cl..OTHING MAY HAVE BECOME _ 
CONTAMINATED WITH THIS SUBSTANCE CHANGE INTO UNCONTAMINATED CLOTHING 
BEFORE LEAVING THE WORK F'REMISES. 

REMOVE CLOTHING: ._ 

NO SF’ECIFIC RE~~UIREMENTI IF INDICATED BY THE NATURE: OF THE CONTAMINANT 
AND THE EXTENT OF EXF’~)SUREI REMOVE CLCTHING ANIt Is0 NCIT WEAR AGAIN UNTIL 
SUFSTANCE HAS BEEN REMOVED FROM CLOTHING+ 

THE FOLLOWING ERUIF'MENT SHOULD EE AVAILABLE: 
EMPLOYERS SHALL ENSURE THAT EMFLOYEES DO NOT EAT OFi SMOKE IN AREAS WHERE 
THIS SUESTANCE IS HANDLE:III~ F’HOCESSED OR STORED, 

I? F 
RESPIRATOR SELECTION (UF’F’ER LIMIT DEWICES FERMITTE11) : 
NO SPECIFIC; ADVISE: 

- DUST AND MIST RESF'IRATOR 
- AIR-PURIFYING RESPIRATOR WITH A HIGH-EFFICIENCY PARTICULATE 

FILTER 
- F’OWEREB AIR-PURIFYING RESPIRATOR WITH A DUST AND MIST FILTER 
- F’OWERED AIR-F’URIFYING RESPIRATOR WITH A HIGH-EFFICIENCY 

PARTICULATE FILTER 

HIGH LEVELS 
- TYPE ‘C’ SUF'F'LIEIl-AIR RESPIRATOR WITH A FULL FACE-PIECE OPERATED 

IN PRESSURE-DEMAND OR POSITIVE-PRESSURE MODE WITH A FIJLL. FACE-PIECE9 
HELMET II OR HOQO OF’ERATED TN CONTINUOUS-FLOW MODE 

- SELF-CONTAINED BREATHING APPARATUS WITH A FULL FACE-PIECE 
OF’ERATED IN PRESSURE-DEMAND OR POSITI'JE-PRESSURE MODE 

FIREFIGHTING 
- SELF-CONTAINED BREATHING AF’F’ARATUS WITH A FULL FACE-PIECE 

OF’ERATEtl IN PRESSURE-DEMAND OR POSITIVE-PRESSURE MODE 
- SUF'F'LIED-AIR RESPIRATOR WITH A FUL.L FACEF'IECE OF’ERATED IN 

PRESSURE-DEMAND OR OTHER POSITIVE F’RESSURE MOIlE WITH AUXILIARY 
SELF-CONTAINED BREATHING APPARATUS OF’ERATED IN F’OSITIUE PRESSURE MOCiE. 

MS 
MEJJICAL SURVEILLANCE: 
29CFRi910,20 OSHA STANDARD SUEPART C - GENERAL SAFE’TY ANIl HEALTH 
PROVISIONS PROVIDES FOR EMPLOYEEp ItESIGNATEXl REPRESENTATIVEy ANIt OSHA 
ACCESS TO EMPLOYER-MAINTAINED EXF'OSURE AND MEDICAL RECORIIS RELEVANT TO 
EMF’LOYEES EXF’OSEtt TO TOXIC SUBSTANCES ANO HARMFtJL PlHYSICAL AGENTS. 
53FR38140 ?/29/88 (AMENZSEIS) + 
4OCFf?71? AECORLlS AND REPORTS OF ALLEGATIONS THAT CHEMICAL SUBSTANCES 
CAUSE SIGNIFICANT ADVERSE REACTIClNS.TO HEALTH OR THE ENVIRONMENT TOXIC 
SUBSTANCES CnNTl?til. ACT (TSCA 1 SECTION 8 (C> EU1.E RERUIRTS MANUFACTURERS 
AND CEF:TAIN PRDCESSOKS Of- CHEMICAL SUBSTANCES ANO MIXTURES TO REEF’ 
RECORr’~S,OF SIGNIFICANT ADVERSE REACTIONS TO EMF’LO’“fcE HEALTH FC)R 3rJ 
YEARS, ‘. 



RE 
ROUTE OF ENTRY: 
:INHALATION + SKIN AESOHF’TION+ INGESTION, SKIN OR EYE CONTACT, 

‘T’ 0 
TARGET ORGANS: 
s K I N l 

* 

SYMPTOMS: 
EYE i ORGAN OF SIGHT (SCO17O)i 
IRRITATIONv EXTREME REACTION TG A CONICtITIr3N (SCOO?U>. 
SKINI COWERING OF BOIlY (SCO174)i 
IRRITATION9 EXTREME REASCTION TO A CGNDITION (SCOOPO), 
MUCOUS MEMBRANE 9 MEMBRANE LINING PASSAGES/CAVITIES (SCO109); 
IRRITATION9 EXTREME REACTION TO A CONOTTION ‘.SCOOYO). RHINITIS9 
INFLAMMATION OF NASAL MILJCOSA (SCO23if\) e 
SENSITIZATION9 ALLERGIC REACTION (SCOlSS)i 
KIERMATITIS~ INFLAMMATION OF SKIN (SCOO44). NAUSEAir SICKNESS AT THE 
STOMACH (SCO115). VGi’!I’TING9 PERTAINING TO NAUSEA (SC016h). DIARRHEA9 
UNCONTROLLED LOOSE E0WEL.S (SCOO45). 
ABDOMINAL? SECTION EErWEEN THORAX AND*-F’ELVIS (SCO71SO) i 
F’AIN9 St!FFERING* EITHER F’HYSICAL OR MENTAL (SCOi82). GL’lGURXA9 D E C F: E A S E 11 
URINATION (SCO323). ANURIA9 COMPLETE LACK OF URINATION (SCO3041, 
SKIN 1 COVERING OF En1lY (SCO174) i 
YEL.LOW DISCOL.OAATION9 ABNORMAL PJGMENTATION OF TISSUE (SCO3S3). F’RURXTIS ~ 
SEVERE ITCHING (SCO55S)e 
SKIN9 COVERING OF BODY (SCOi74)i 
EF:tJF’-~IOb~? A RASH Of? LESION (SCo602> + STUF’OR9 LETHARGY9 LINCONSCTOUSNESS 
(SC0214 1, CONVULSIONS9 SUDDEN MUSCLE CONTRACTIONS (SCOO34) + 
CONJUNCTIVITIS9 INFLAMMATION OF EYES (SCOO31), BITTER TASTE 9 
DISAGREEABLE TASTE (SC0503 1. 

FA 
FIRST AID+ 

IF THIS CHEMICAL GETS INTO THE EYES9 WASH THE EYES IMMEDIATELY WITH L.AF:GE 
AMOUNTS OF WATER OR NORMAL SALINE9 OCCASIONALLY LIFTING UPF’EK! ANII LOWER 
LI~~s9 UNTIL NO EtJIDENCE OF CHEbfICAI, REMAINS (APPROXIMATELY 15-20 
MINLITES) 4 GET MEDICAL ATTENTION IMMEDJATELY, 

(2 OF 6) 
IF THIS CHEMICAL GETS ON THE SKIN9 REMOVE CGNTAMXNATED CLOTHING AND SHOES 
IMMEDIATELY. WASH AFFECTED AREA WITH SOAP OR MILD rlETEF\‘GENT AND LARGE 
AMOUNTS OF WATER UNTIL NO EVIDENCE OF CHEMICAL REMAINS (APPROXIMATELY 
i5-20 MINUTES.,, GET MEDICAL ATTENTION IMMEDIATELY e 

(3 OF 6) 
IF THIS CHEMICAL HAS BEEN INHALED9 REMOVE FROM EXF’OSIJRE AREA TO FRESH AIR 
ItiMEDIATELY + IF BREATHING HAS STOF’F’EE!r F’ERFORM ARTIFICIAL RESYIRATION, 
KEEF’ F’ERSON WARM AND AT REST+ TREAT SYMF’TOMAT1CALL.Y ANIr SUPPORTIVELY, 
GET MEIlICAL ATTENTION IMMEDIATELY. 

(4 QF 6) 
IF THIS SUBSTANCE IS INGESTED ANII IF THE F’ERSON IS CONSCIOUS AND NOT 
CONVULSING 9 INFIUCE EMESIS’BY GTVING SYRUP OF IPECAC (KEEPING THE HEAD 
BELOW THE HIF’S TO F’RE’JENT ASPIRATION19 FOLLOWED BY WATER. REPEAT IN 20 
MINUTES IF NOT EFFECTIVE INITIALLY. IN PATIENTS WITH DEF’RESSED 
RESPIRATION OR IF EMESIS IS NOT F’HODUCED9 F’ERFOKM GASTF:IC LAVAGE 
CAUTIOUSLY (DREISHACH9 HANltHOOK OF POISONING9 l.2TH ED.), TREAT 
SYMPTOMATICALLY AND SUPPOKTIVELY, .GASTRIC LAVAGE SH0tJL.D BE F’ERFORMEO BY 
OUA’ieIFIED MEDTCAI.. F’ERSQNNEI.. e GET MEKIICAL ATTENTION IMMEDIATELY. 



K t r-l I! L’ t I.1 t r; I Ll k t s ti FJ 1.r L -I l-i k t-1 k utit1lJr4 UIJJtiLI k! I- Ki.llT I Ilk 11111, II‘1 + I.1 i"C.ri( i-1, 1 LJ 1 , I ;I 
USE GAG IF NECESSAF\Y. EXTIT N Cl HE AD R Y L '1: f= .T I N f; C H I N , r:. ‘q f; 5; TU:+E OC’ER 
TONGUE AND TOWARKI BRCK OF THROAT WITHOtJr EX'I'ENDINCi HEAT: @P NECK. IF 
OBSTRUCTION IS MET BEFORE THE MAKK ON .Tt.IBE F;EACHES LEVELS 01- THE TF.E’i’t-19 
DO NOT FORCE9 EUT REhOVE TlJE:E ANIl Ii’EF’EAT F’h’T:CEDIJF\‘E I.1iv‘r tL TLlFjE PASSES TO 
MARK + PLACE END OF TUBE IN GLASS OF WATER. IF TtJbE IS 0BSTFiUC:TF.D WHEN 
INTRODUCE1l AEOIJT HALFlJAY TG THE MARK9 TT MAY IiA’JE ENTEf2Er.l TEACHEA. AFTE”‘, 
TUBE IS F’LACED IN STOMACH7 ASF’Ih’AfE FIRST TO F\‘EMOtJE STOMACH CONTENTS FY 
Ili’li’IGATION SYRINGE, SAVE STOMACH CONTENTS FOR EXAMtNATIONp AND REPEAT 
INTRODUCTION AND WITHDRAWL. OF 100-300 ML. WARM WATEF? UNTIL AT LEAST 3 
LITERS OF CLEAR RETURN ARE OPTAINED, USE ACTIVATED CHARi:I)AC AT BEGINNING 
OF LAVAGE TO AID IN F’OISON INACTIVATION+ L.EAUE 50 GRAMS Or CHARCOAL 
SUSF’ENDED IN WATER IN THE STOMACH. XF INTRODUCTION ANIl li’EMiGVAt- OF LAVAGE 
FLUJD BY GRAVITY FiERUIFirES MOFCE THAN FIVE MINUTES9 ASSTST WITH ASEF’TO 
SYRINGE, PREVENT ASPIRATION WITH CUFFED ENRl3TF:ACHEAt. TUI:E, A ‘J 0 I 11 G I V I N G 
LARGE RUANTITIES OF WATER, IF PATIENT COMATOSE9 INTUBATE TRACHEA WITH 
CUFFED ENDGTRACHEAL TURE. SUCCINYLCHl..Ol?INE MAY i?E Al?MTNISTERED BY 
RUALIFIEII MEDICAL PERSONNEL TO EASE INSERTION OF ‘TRfhCHEAL CATHETER F’li’IOF: 
TO FASSAGE OF STOMACH TIJEE, FRQCEDtJFi’E MUST DE F’EKFISF:MED FY RUAL I FIED 
MEDICAL FERSONNEL. ( DREI SBACH 9 HANDBOOK OF FOISONINGr 32TH ED.), 

(5 OF 6) 
ACTIVATED CHARCOAL - GIVE ACTIVATED CHARCOAL WITHIN THE FIRST FEW MINUTES 
OF POISONING, GIVE FOKTIONS ERUIVALENT Tt-2 AECJUT 5 MI.. FOIF EACH KXLCIGEAM 
OF EOttY WEIGHT9 0Fi’ALL.Y OF? BY GASTFiIC LAVAliE. FiEMOVE BY StJCTIT:N UH 
EMESISI ANIl REPEAT THE F’ROCEDUKE UNTIL. A TOTAL OF 100 GM OF CHARCOAL HAS 
E E E N I N T t? 0 D U I.: E 15 A N tl F: E C 0 V E F: E 11 6 EACH Gf?AM OF ACTIVATE~I CHAF:COAL WII..L 
ADSORB 100-1000 MG OF F'OISON, DO NOT MIX CHAF:COAL WIl’H OTHER AGENTS TO 
INCREASE PALATABILITY, GASTEIC LAVAl:E MUST l?E FETi’FOFi’MFls EY RtJALIFIE:I) 
MEDICAL F’EHSONNEL. (CIREISBACH 9 HANDBOOK OF F'OISONINGv 12TH ED+), 

11 T 
SPECIAL DIAGNOSTIC TESTS ANIl INflEXES OF EXF'OSURE: 
NONE IN COMMON LISE, 

RS 
REGULATORY STATUS. 

(1 OF 28) 
X*******~******t**t*******************~**~******~*~ 
FEDERAL REGULATION 

read aborted9 data lost 

read aborted9 data lost 

ENTER DOCUMENT SELECTION,,: + *OFF 

#CONNECT TIME 0303309 HH:MM:SS 0,053 DEC HRS 
~~~G~SQRFIIISCO~BRB~~~~~~ 40 OOQQBQQZ914 235 23 

SESSION 1?3 

@ 



,.PRINT ALL/DOC=l 

tN ACCESSION NUMBER: 271. 9211, 
:N rlHEMICAL NAME: ARSENIC, SOLITI. 
;. "vNONYMS: UN 1558, ARSENIC. COLLOIDAL ARSENIC. ARSENIC ELACK. GREY 

SENIC, METALLIC ARSENIC. ARSENIC? METALLIC, ARSENICALS, ARSENIC-75, 
sTCC 4923207, 

;N CAS NUMBER: 7440-38-Z. 

REG. TOXIC NUMBER: CGO525000~ 

CHEMICAL FORMULA: AS, 
’ 0 

PHYSICAL DESCRIPTION: 
SILUER-GRAY BRITTLE9 CRYSTALLINE SOLID WITH AN OnOR OF GARLIC, 

HOL WT: 74.92 
BOILING F'T: SUBLIMES AT 1135 F 
SOLUEILITY: INSOLUBLE 
FLASH F’T: NONCOMBUSTIkLE SOLID 
UAF’OR PRES: NOT AVAILABLE 
MELT F’T: 1503 F AT 28 ATM 
UEL IN AIR: NONCOHHUSTIBLE 
LEL IN AIR: NONCOMBUSTIELE 
MEC IN AIR: 
SF’EC GRAVITY: 5,6 - 5.9 
VAF’OR DENSITY: 
OIlOK THRESHOLD: 
OCTANOL/WATER CO-EFFICIENT:. 

.L 

“RMISSAHLE EXF’OSURE: 
I UG(AS)/H3 OSHA TWA 

200 lJG(AS)/M3 ACGIH TWA 
2 UG(AS)/M3 NIOSH RECOHMENDEIl 15 MINlJTE CEILING 
HUMAN SUFFICIENT EVIDENCE FOR CARCINCIGENICITY (IARC GRGUF’-1 .ARSE;NICS) 
ANIMAL LIMITED EVIDENCE FOR CARCINOGENICITY (IARC GRGIJP-1 ARSENICS) 
OSHA CARCINOGEN; KNOWN HUMAN CARCINOGEN (NTP) 
HUMAN CARCINOGEN (EPA - CATEGORY A) 
TUMORIGENIC DATA (RTECS) 
REPROIIUCTIVE EFFECTS IIATA (RTECS) 
MUTAGENIC DATA (RTECS) 
SURVEILLANCE INDEX CLASSIFICATION I: HIGH HEALTH HAZARlr POTENTIAIL 
CERCLA HAZARD RATING - TOXICITY 3 - IGNITABILITY 0 - REACTIVITY 0 - 
PERSISTENCE 3 
TOXICOLOGY: ARSENIC IS AN EYE, SKIN AND MlJCOUS MEMBRANE IRRITANT AND 
A SKIN SENSITIZER. IT IS MOIlERATELY TOXIC BY INGESTION, ARSENIC IS A 
NEUROTOXXN. POISONlNG HAY AFFECT THE HEART9 LIVER9 KIDNEYSI AND THE 
HEMATOPOIETIC~ GASTROINTESTINAL ANII ENDOCRINE SYSTEMS, CHRONIC EXPOSURE 
TO ARSENXC CQMF’OUNDS MAY CAUSE GENERALIZED MUSCULAR WEAKNESSp 
BRONZING OF THE SKINv MEE’S LINES IN THE FINGERNAILS AND A FEELING 
OF PINS ANIl NEEDLES IN THE EXTREMITIES, EVIllENCE FOR CARCINOGENICITY 
OF ARSENIC CGMPOUNDS IN ANIMAL.8 IS CONSIDERED LIMITED, THERE IS 
SUFFICIENT EVIDENCE THAT SKIN CANCER IS CAUSALLY ASSOCIATED WITH 
EXPOSURE TO INORGANIC ARSENIC COMF’OUNDS IN THE OCCUPATIONAL 
ENVIRONMENT, THE RISK OF LUNG CANCER INCREASED 4 TO 12 TIMES IN 
rERTAIN SHELTER WORKERS WHO INHALED HIGH LEVELS OF ARSENIC TRIOXIDE. 

WEVER I THE INFI..UENCE OF OTHER CONSTITUENTS OF THE WQRKING 
-dVIRONHENT CANNOT BE EXCLUDEXI, CASE REF’ORTS HAVE SUGGESTED AN 
ASSOCIATION BETWEEN EXF’OSURE TO ARSENIC COMF’OUNISS AND LIVER TUMORS 
AND BLOOD DISEASES c 
THE THRESHOLD LIMIT VALUE WAS SET ON THE PROBABILITY THAT SOME 
ARSENIC COMF'OUNItSr OR THE METAL ITSELF9 IS CHRONICALLY LESS TOXIC THAN 
ARSENIC TRIOXIDE, 



ORL-MAN TIILD : 7857 MG/KG/SSY ORL-RAT l..DSO: 763 MG/KG 
ORL-MUS LDSO: 145 flG/KG IF’R-MUS LD50: 469200 HO/KG 
IPR-GPG LDLO: 10 MG/KG SCU-GPG LDLO: 300 MO/KG 

29CFkl910,1200 OSHA HAZARD COMMlJNICATION STANIAR~I REQUIRES CHEMICAL 
MANlJFACTURERS AND IMF’ORTERS TO ASSESS THE HAZARDS OF CHEMICALS WHICH THEY 
PRODUCE OR IMPORT 9 AND ALL EHPLOYERS TO F’ROVIRE INFORHATION TO THEIR 
EMPLOYEES CONCERNING HAZARDOUS CHEMICALS BY MEANS OF A HAZARD 
COMMUNICATION F’ROGRAM, LABELS ANIl OTHER FORHS OF WARNXNGv MATERIAL SAFETY 
IlATA SHEETS II ANIl INFORMATION AND TRAINING. REQUIRES DISTRIBUTORS TO 
TRANSHIT REQUIRE11 INFORHATION TO EMPLOYEiS. 

IIANGEROUS EXF’OSURE: 
100 HG(AS)/H3 F’OTENTIAL 

CARCINOGENNI.OSH 
SILVER-GRAY BRITTLE9 CRYSTALLI. 

'C 
INCOMPATIBILITIES: 
ARSENIC, SOLID: BROMATES: REACT VIGOROUSLY. CHLORATES: REACT VIGOROUSLY. 
FLUORINE: REACTS VIGOROUSLY. LITHIlJM: REACTS VIGOROUSLY. POTASSIUM: 
REACTS VIGOROUSLY: “,‘,;;,;fEN GAS: REACTS VIGOROUSLY. OXIIIIZING MATERIALS: 
REACT VIGOROUSLY~ . . REACT VIGOROUSLY. THERMAL DECOHPOSITION 
PRODUCTS ARE HAZARIIOUS AND/OR TOXIC 6 

:L 
CLOTHING: 

29CFR~YlO,lOlt3 INORGANIC ARSENIC WHERE THE POSSIBILITY OF SKIN OR EYE 
IRRITATION FROM INORGANIC ARSENSC EXISTSv AND FOR ALL. WORKERS WlJRKING IN 
REGULATED AREASp THE Ei‘lF’LOYER SHAL.L PROVIDE AT NO COST TO THE EHPLOYEE 
ANIl ASSURE THAT EMF’LOYEES USE APPROPRIATE AND CLEAN PROTECTIVE bdORK 
CLOTHING ANIl EQIJIF’MENT SUCH ASP klJT NOT LIMITEII TO: COVERALLS OR SIMILAR 
FULL-BODY WORK CLOTHING i GLOVES? AND SHOES OR COVERLETS; FACE StIIELQS OR 
VENTEIl GOGGLES WHEN NECESSARY TO PREVENT EYE XRRITATXl7Np WHICH COMPLY 
WITH THE RERUIREMENTS OF 29CFRl910,133(A) (2)-(A)(6); AND IMPERVIOlJS 
CLOTHING FOR EMPLOYEES SUBJECT TO EXF’OSURE TO ARSENIC TRICHLORIDE. THE 
EHPI..OYER SHALL PROVIDE THE PROTECTIVE CLOTHING IN A FRESHLY LAlJNDERED AND 
DRY CONDITION AT LEAST WEEKLY9 AND DAILY IF THE EMPLOYEE WORKS IN AREAS 
WHERE EXF’OSURES ARE OVER 1100 IJG/M3 OF INORGANIC ARSENIC OR IN AREAS WHERE 
MORE FREQUENT WASHING IS NEEISEII TO PREVENT SKIN IRRITATION. THE EMPLOYER 
SHALL REPAIR OR REPLACE THE PROTECTIVE CLOTHING ANIl EQUIPMENT NEEUED TO 
MAINTAIN THEIR EFFECTIVENESS, THE EMPLOYER SHAl..L ASSURE THAT CQNTAHINATED 
PROTECTIVE CLOTHING TO BE CLEANEDr LAUNISEREIlr OR DI.SPOSED OFI I!% PLACED 
IN A CLOSEII CONTAINER IN THE CHANGE-ROOM WHICH PREVENTS IlISPERSlON OF 
INORGANIC ARSENIC OUTSInE THE-CONTAINER, THE EHF’LOYER SHALL INFORM IN 
WRITING ANY PERSON WHO CLEANS OR LAUNDERS CLOTHING OF THE POTENTIALLY 
HARMFUL EFFECTS INCLUDING THE CARCINOGENIC EFFECTS OF EXPOSURE TO . 
INORGANIC ARSENIC. 

WEAR EYE PRQTECTION TO F’REVENT: 
29CFRl910.1018 INORGANIC ARSENIC FACE SHIELDS OR VENTED GOGGLES WHEN 
NECESSARY TO PREVENT EYE IRRITATIONv WHICH COHPLY WITH THE REQUIREMENTS 
UF 29CFR1910,133(A)(2)-(A)o, 
FOLLOWING INFORMATION FROM NIOSH/OSHA ‘OCCUPATIONAL HEALTH GIJIIIEL.INES FOR 
CHEMICAL HAZARDS’: 
EHPl.OYERS SHALL PROVIOE ANIl ENSURE .THAT EllPLOYEES USE DUST-RESISTANT 
SAFETY GOGGLES WHICH COMF’LY WJTH 29CFRl?lO.l33(A)(2)-o(b) WHERE THERE 
IS ANY POSSIBILITY OF THIS SOLTII CONTACTING THE EYES, 

EMPLOYEE SHOULD WASH: 
29CFRl910.1018 INORGANIC ARSENIC THE EHPLOYER SHALL A.SSURE THAT EMPLOYEES 
WORtiINF IN THE REGULATED AREA OF SIJEJECT TO THE POSSIBILITY OF SKIN OR 
EYE IRRITATION FRClM EXF’OSWRE TO INORGANIC ARSENIC WASH THEIR HANIlS AND 
FACE PRIOR TO EATING, THE EMPLOYER SHALL ASSURE THAT EHPLOYEES WORKING IN 
REGULATED AREAS CJR SUPJEC:T TO THE POSSIEILITY OF SKIN OR EYE IRRITATION 
FROM INORGANIC ARSENIC SHOWER AT THE ENI1 OF THE WORK SHIFT, FOLLOWING 
INFORMATION FRflM NIOSH/OSHA ‘GCCIJF’ATICINAL HEALTH GUIBELTNGES FO:R CHEMICAL. -- a..-...-. -_e 



FROMFTLY WASHEU WITH SOAF ANIl WATER, WORKERS WHO HANDLE INORGANIC ARSENIC 
SHOULD WASH THEIR FACES? HANDS9 AND FOREARHS THOROUGHLY WITH SOAP AND 
WATER BEFORE EATING, SMOKING9 OK’ USING TOILET FACILITIES, 

WORK CLOTHING SHOULD BE CHANGED DAILY: 
29CFR1910.1018 INORGANIC ARSENIC THE EMPLOYERS SHAl..L PROVISIE FOR 
‘MFLOYEES WORKING IN REGULATED AREAS OR SUBJECT TO THE POSSIBILITY OF 

;XN OR EYE XRRITATXQN FROM INORGANIC ARSENIC9 CLEAN CHANGE ROOMS 
cQUIFFED WITH STORAGE FACILITIES FOR STREET CLOTHES ANEt SEPARATE STORAGE 
FACILITIES FOR PROTECTIVE CLOTHING AND EQUIPMENT IN ACCORDANCE WITH 
2?CFR1?10,141(E~. FOLLOWING INFORMATION FROM NXOSH/OSCIA 'OCCUPATIONCiL 
HEALTH GUIDELINES FOR CHEMICAL HAZARDS’: EMPLOYERS SHALL ENSURE THAT 
EMFLOYEES WHOSE CLOTHING HAS HkIc ANY POSSIBILITY OF BEING CONTAMINATED 
WITH THIS SUBSTANCE CHANGE INTO UNCONTAMINATED CI..OTHING BEFORE LEAVING 
THE WORK PREMISES. 

REMOVE CLOTHING: 
29CFR1910.1018 INORGANIC ARSENIC EMPLOYERS SHALL ASSURE THAT ALL 
PROTECTIVE CLOTHING IS REMOVED AT THE COMPL.ETIaN OF A WORK SHIFT ONLY IN 
AF'PROPRIATE CHANGE ROOMS. THE EMPLOYER SHALL PROHJBIT THE REMOVAL OF 
INORGANIC ARSENIC FROM PROTECTIVE CLOTHING al? EQUIPMENT BY BI-ObJING OR 
SHAKING, FOLLOWING INFORMATION FROtl NIOSH/OSHA ‘OCCUPATIONAL HE:ALTH 
GUIDELINES FROM CHEMICAL HAZARDS’: CLOTHING WHICH IS CONTAMINATED WITH 
INCIRGANIC ARSENIC SHOULD BE REMOVEn IHMEDIATELY ANKl FLACED IN E;EALEJl 
COiVTAIiVERS FOR STORAGE UNTIL IS CAN BE DISCARDED OR UNTIL FRa'JI:SION IS 
MADE FOR THE REMOVAL OF :INOKGANIC ARSENIC FROM THE CLOTHING, 

THE FOLLOWING ERUIFMENT SHOULIl BE AVAILABLE: 
NO SFECIFXC REGULATIONS UNDER 29CFR1910. 
FOLLOWING INFORMATION FROM NIaSH/OSHA ‘DCCUFATIDNAL HEALTH GIJIDELINES FOR 
CHEMICAL HAZARDS’: 
WHERE THERE IS ANY POSSIBILITY THAT AN EMFLOYEE’S EYES MAY BE EXPQSED TO 

IIS SUBSTANCE? EMPLOYERS SHALL PROVIDE AN EYE-WASH FOUNTAIN WITHIN THE 
lMEDIATE WaRti AREA FOR EMERGENCY USE, 

WHERE THERE IS ANY POSSIBILITY OF EXPOSURE OF AN EMPLOYEE’S BClDlY TO THIS 
SUESTANCEr EMFLaYERS SHALL PROVIDE FACILITIES FOR QUICK DRENCHING OF TH 
EaIlY WITHIN THE IMMEDIATE WORK AREA FOR EMERGENCY USE. 

RESPIRATOR SELECTION (UFFER LIMIT DEVICES PERMITTED): 
SEND BACK AREA EXCEDEII c 

MEDICAL SURVEILLANCE: 
29CFR1910.1018 THE OCCUPATIONAL SAFETY AND HEALTH AIlMINISTRATION RE(?\JIREs 
EMPLOYERS To PROVIDE A MEDICAL SURVEILLANCE PROGRAM FOR EMPLOYEES WHO ARE 
OR MAY BE EXPOSED TO LEVELS OF INORGANIC ARSENZC ABOVE THE ACTION LEVEL 
FaH AT LEAST 30 DAYS PER YEAR (WHICH W0Uk.n INCLUDE AMONG OTHERSt ALL 
EMPLOYEES7 WHO WORK IN REGULATED AREAS). EXAMINATIONS ARE ALSO TG BE 
PROVIDED TO ALL EMPLOYEES WHO HAVE HAII 10 YEARS OR MORE EXPOSURE ABOVE 
THE ACTION L.EUEL FOR MORE THAN 30 DAYS PER YEAR WHILE WQRKING FOR THE 
PRESENT aR FRmEcEssaf2 EMPLOYER THOUGH THEY MAY tda LaNGI DE ExPasED 
ABOVE THE L.EVEL, THIS MEDICAL SURVEXL.LANCE PROGRAM SHAt..L CONSIST aF: (1) 
AN INITIAL MEDICAL EXAMINATION INCLUDING: (14) waRK ANO MEUICAL HISTORY 
(1) SMOKING HISTORY (2) PRESENCE AND DEGREE OF RESPIRATORY SYMPTOMS (8) 
A 14’ RY 17' POSTERIOR-ANTERIOR CHEST X-RAY AND AN INTERNATIONAL LABOR 
OFFICE UICC/CINCINNATI (IL0 U/C) RATING (C) A NASAL AND SKIN EXAM (I31 A 
SPUTUM CYTOLOGY EXAM (E) OTHER EXAMS WHICH THE PHYSICIAN RELIEVES 
AFPROFRIATE BECAUSE OF THmE EMPLOYEE’S EXFOSUKE TO INORGANIC ARSENIC OH 
BECAUSE OF REQUIRED RESPIRATOR USE (2) PERIODIC EXAMINATION (A) ANNUAL 

AMS FOR THOSE EXFLOYEES 45 YEARS OF .AI;E aR LESS WITH FEWER THAN 10 
;ARS EMPLOYMENT WHERE EMFLOYEE EXFOSURE EXCEEDS THE ACTION LEVEL 

INCLUDING: ( 1) MEKIICAL HISTORY UFUATE (2) NO SPUTUM CYTOLOGY (R > 
SEMI-ANNUAL EXAMS FOR OTHER COVERED EMPLOYEES INCLUDING: (1) ALL. TESTS IN 
.INITSAL EXAM (2) MEDICAL HISTORY UFDATE (3) ADTIITIONAL EXAMINATIONS (A> 
LATERAL ANII OHLIOUE X-RAYS (B1 PULMONARY FUNCTIQN (C) PALPATION OF 
SUPERFICIAL LYMPH NODES AND COMPLETE S$l..OO~t COUNT FOR WORKERS EXPOSED TO 
------ ---- 



EMF’LOYEE FOR ANY REASON DEVELOF’S SIGN AN~I SYMPTOMS CQMMQNLY ASSOCIATED 
WITH EXPOSURE TO INORGANIC ARSENIC THE EMPLOYER SHAl.L F’fZOuInE AN 
APPROPRIATE EXAM, 
OTHER MEDICAL SURVEILLANCE RECOMMEN[IED: 40CFR717 RECORDS ANB REPORTS OF 
ALLEGATTONS THAT CHEMICAL SUBSTANCES CAUSE SIGNIFICANT ADVERSE REACTIONS 
TO HEALTH OR THE ENVIRONMENT TOXIC SUBSTANCES CONTROL ACT (TSCA) SECTION 
8(C) RULE REQUIRES HANUFACTURERS ANIl CERTAIN PRQCESSORS OF CHEMICAL 
SUBSTANCES AND MIXTURES TO KEEP RECORDS OF SJGNIFICANT ADVERSE REACTIONS 
TO EMPLOYEE HEALTH FOR 30 YEARS. 
ATTENTION TO SMOKINGt ALCOHOL, MEDICATIONS AND EXPOSURE TO CARCINOGENS+ 
FOOD AND DRUG AOMINISTRATION (FDA) SURVEILLANCE INDEX CLASSIFICATION 
(SIC) - CLASS I: HIGH HEALTH/TOXICITY HAZARD. THIS HAZARD POTENTIAL 
WARRANTS IMHEIIIATE INCLUSION OF THIS SUBSTANCE IN MEDICAL MONITORING 
PROGRAM QN A CONTINUOUS BASIS* 
29CFR1910.20 OSHA STANDARD SUBPART C - GENERAL SAFETY AND HEALTH 
PROVISIONS PROVIIlES FOR EMPLOYEEI DESIGNATED REPRESENTATIVEI AN!D OSHA 
ACCESS TO EMPLOYER-MAINTAINED EXPOSlJRE AND MEDICAL RECORRS RELEVANT TO 
EMPLOYEES EXPOSED TO TOXIC SUBSTANCES AND HARMFUL PHYSICAL AGENTS, 
53FR38140 9/29/88 (AMENDED), 
ATTENTION TO SMOKING7 ALCOHOL! MEfiICATIO+~ ANfi EXPOSURE TO CARCINOGENS. 
NOTICE OF INTENT TO ESTABLISH ACGIH BIOLOGICAL EXPOSURE INDICIES FOR 
ARSENIC AND SOLUBLE COMPCJUNIIS INCLUDING ARSINE: 50 UG/G CREATJNINE 
INORGANIC ARSENIC METABOL-ITES IN URINE / TIMING-END OF WORKWEEK. 

-- 
it 

ROUTE OF ENTRY: 
INHALATION. SKIN ABSORPTION. INGESTION. SKIN OR E:YE CONTACT,, 

TO 
TARGET ORGANS: 
RESPIRATORY SYSTEM, SKIN. EYES, LYMPHATIC SYSTEM@ CENTRAL NERVOUS 
SYSTEM, MUCOUS MEMBRANES, KIDNEYS. LIVER. BLOQD * PERIPHERAL NERVOUS 
SYSTEM, 

SF 
SYMPTOMS: 
SKIN, COVERING OF BODY tSCOl74)i 
IRRITATIONI EXTREME REACTION TO A CONDITION (SCOO5'0). 
EYE9 ORGAN OF SIGHT (SCOl7O)i 
IRRITATIONI EXTREME REACTION TO A CONDITION (SCOO90). 
MUCOUS MEMBRANE, MEMBRANE LINING PASSAGES/CAVITIES (SCOlO9); 

'IRRITATIONI EXTREME REACTION TO A CONDITION (SCOO901, 
SKIN? COVERING OF BODY (SCOl74)i 
SENSITIZATIONv ALLERGIC REACTION (SCOl48). FROTHY .SPUTLJMr FOAHY MIXTURE 
OF SALIVA AND MUCOtJS (SCO627). DYSPNEAv DIFFICULTY IN BREATHING 
(SCOO52) * LASSITlJDEl A SENSE OF tlE.ARINESS (SCOO98). CYANOSISI IlARK 
BLUE/PURPLE SKIN COLOR (SCOO38). GIDI~INESSI FRIUOLOUSw DIZZINESS 
(SCOO71>. HEADACHEr PAIN IN HEAD OR CRANIUM AREA tSCOO75). WEAKNESS I 
LACK OF STRENGTH (SCOl671. NAUSEAp SICKNESS AT THE STOMACH (SCOllS), 
UOHITINGv PERTAINING TO NAUSEA (SCOl66)o DIARRHEA9 UNCONTRQLLEU LOOSE 
BOWELS (SCOO46), 
EXTREMITIESI ARMS OR LEGS (SCOO62)i 
MYALGIAp MUSCLE PAIN OR TENDERNESS (SCO526). HYPOTENSIONv LOW BLOOD 
PRESSURE (SCO180). ANOREXIAr DIMINISHED APPETITE (SCOOO6). 
CONJUNCTIVITISI INFLAMMATION OF EYES (SCOO311, CORYZA, HEAD COLD 
(SCO431). 
PERFORATION9 OPENING IN HOLLOW ORGAN OR UISCUS (SdOl27)i 
NASAL9 PERTAINING TO THE NOSE (SCOll4). 
SEPTUM r WALL DIVIDING 2 CAVITIES OF NOSE (SCO202)e 
SKINI COVERING QF BODY (SCOl74). 
LESIONS9 DISCONTINUITY OF TISSUE (SCO416). PAL.MAR ANIt PLANTAR 
HYPERKERATOSISp GROWTHS ON HANDS 8 So.LES OF FEET (SCO266). AL.OPECIAy 
BALDNESS (SCO201). PERIPHERAL NElJRITISt INFLAMED NERVES OF EXTREHITIES 
(SCO129). BRONZING OF THE SKINI GOLDEN-YELLOW SKIN PIGMENTATION 
(SCO126). KIDNEY9 POST-PERITONEUM ORGAN FOR URINE bJASTE(SC0094). 
FHOTOPHORIA~ INTOLERANCE TO LIGHT (SCO131). DYSPHAGXAI DIFFIC.ULTY IN 
SWALLOWING (SCO~LJ -=I. ME:TALLIC TASTE, TASTE RESEMBLING METAL. IN MOUTH 
tSCO216). THROM80CYTOPENIA~ DECREASE IN BLOOD PLATELETS (SCO329). BONE 



POLYNEURITISr INFLAMMATION OF MANY NERVES (S60624), PARESTHESIAt 
ABNORMAL SENSATION WITHOUT CAUSE (SCO1251, ANESTHESIAI. LOSS OF SENSATION 
(SCOOO5) * CIRRHOSIS, PROGRESSIVE DISEASE OF LIVER tSCOO27). APLASTIC 
ANEMIA9 ANEMIA FROM BONE MARROW DAMAGE (SCO2851, ATAXIAr MUSClJI~AR 
INCOORDINATIGN (SCOO13). TREMGRSt TREMBLING! SHAKING (SCOl97). 
CONFUSIONI IN A EEWILDERED STATE (SCOO30). INCOORDINATION~ LACK OF 
~'OORDINATION (SCOOSS)+ FEUERp BODY TEHPERATURE ABOVE NORMAL (SC0067 1. 

IEMIA, RED BLOOD CELLS LESS THAN NORHAL (SCOOO4). WEIGHT LOSSr DROF’ IN 
QODY WEIGHT (SCO104). WRIST DROP9 WRIST WILL NOT EXTEND (SCO208). 
ERITTLE FINGERNAILS9 FINGERNAILS CRACKING AND SI..OUGHING (SC02251 + 
CARDIACl PERTAINING TO HEART (SCOO23); 
FAILUREI LOSS OF FUNCTION (SCO386). LJVER DAHAGEr INJURY TO THE LIVER 
(SCO221)* 
SKIN7 COWERING OF HODY (SCO174)i 
CANCERI MALIGNANT TUMOR GR NEOPLASM (SCOO20). 
LUNGir RESPIRATORY ORGAN (SCO377); 
CANCER 9 MALIGNANT TIJHOR CIR NECIFLASH (SCOO20). 
REPRODUCTIUE EFFECTS9 DIRTH DEFECTS (SCO281) i 
IN EXPERIMENTAL ANIMALSt (SCO212), 

FA ._ 

FIRST AID. 

(1 QF 5) 
IF THIS CHEMICAL GETS INTO THE EYESlr WASH THE EYES IMMEDIATELY WITH LARGE 
AMOUNTS OF WATER OR NORMAL SALINE9 OCCASIONALLY LIFTING UPPEF$ AND LOWER 
LIDS, IJNTIL NO EVIDENCE OF CHEMICAL REMAINS (APPROXIMATELY 15-20 
MINUTES). GET MEDICAL ATTENTION IMMEDIATELY, 

(2 OF 5) 
IF THIS CHEHICAL GETS ON THE SKIN, REJIOUE CONTAMINATED CLOTHING ANIl SHOES 
IMMEDIATELY. WASH AFFECTED AREA WITH SOAP OR MILD DETERGENT AND LARGE 

,+MOlJNTS OF WATER UNTIL NO EVIDENCE OF CHEHICAL REMAINS (APPROXIMATELY 
T-20 HINUTES), GET MEDICAL ATTENTION IHMEDIATELY, 

(3 OF 5) 
IF THIS CHEMICAL HAS BEEN INHALEDl REMOVE FROM EXPOSURE AREA TO FRESH AIR 
IMHEDIATELY. IF BREATHING HAS STOPPED9 PERFORH ARTIFICIAL RESPIRATION, 
KEEF’ PERSON WARM AND AT REST. TREAT SYMPTOMATICALLY AND SUPPORTIVELY, 
GET MEDICAL ATTENTIQN IMMEDIATELY. 

(4 OF 5) 
INGESTED ARSENIC: REMOVE INGESTED ARSENIC EY GASTRIC LAUAGE OR EMESIS, 
FOLLOW WITH A SALINE CATHARTIC, HAINTAIN BLOOD PRESSUREr AIRWAY AND GIVE 
OXYGEN IF RESPIRATION IS DEPRESSED, DO NOT PERFORM GASTRIC LAVAGE OR 
EMESIS IF VICTIM IS UNCONSCIOUS. GET MEDICAL ATTENTION IHMEDIA'TELY, 
ANTIDOTE: GIVE DIHERCAPROLp 3 MG/KG (OR 0.3 Ml/KG) EVERY 4 HOUR!S FOR 2 
DAYS AND THEN 2 MG/KG EVERY 2 HOURS FOR A TOTAL OF 10 DAYS, 
DIMERCAPROLIS AVAILABLE AS A 10X SOLUTION IN OIL FOR INTRAMIJSCULAR 
ADMINISTRATION. NEXT I GIVE PENICILLAMINEl UF’ TO 100 MG/tiG/DAY (MAXIMUM 
1 G/DAY 1 DIVIDED INTO 4 DOSES FOR NO LONGER THAN 1 WEEK. IF A LONGER 
ADMINTSTRATION PERIOD IS WARRENTED DOSAGE SHOULD NOT EXCEED 40 
HG/KG/DAY. GIVE THE DRUG C)RALL.Y HALF AND HOUR BEFORE HEAL.S. (DREISEACH~ 
HANDHOOKOF POISONING9 12TH ED.). ADMINISTRATION OF GASTRIC L.AUAGEr 
OXYGEN AND/OR ANTIDOTE SHOULD DE ADMINISTERED DY QIJALIFIEB MEDICAL 
PERSONNEL. 

(5 OF 51 
GASTRIC LAVAGE - GIVE F’ATIENT GLASS OF WATER PRIOR TO PASSING OF STOMACH 

‘BE l LAY PATIENT ON ONE SIDEp WITH HEAD LOWER THAN WAIST. IHHOBILIZE 
STRUGGLING PATIENT WITH A SHEET OR BLANKET, MEASURE DISTANCE ON TUBE 

FROM MOUTH TO EPIGASTRIUMp MARK TUBE WITH INDELIBLE MARKING OR TAPE. 
REMOVE DENTlJRES AND OTHER FQREIGN OBJECTS FRQH THE HOUTH. OPEN MOUTH9 
USE GAG IF NECESSARY+ EXTEND HEAIJ BY LIFTING CHIN. F’ASS TIJBE OVER 
TONGUE AND TOWARD BACK QF THROAT WITHOUT EXTENDING HEAD OR NECK, IF 
OBSTRUCTION IS MET BEFORE THE MARK ON TUBE REACHES LEVELS OF THE TFETHf 
hn L,fiT C.-s,-.P.l- C.8l.P C.-..-..- .-..- - ..- _-- 



MARK l PLACE END OF TUBE IN GLASS OF WATER. IF TURE IS OBSTRUCTED WHEN 
INTRODUCED ABOUT HALFWAY TO THE MARKp IT MAY HAUE ENTERED TRACHEA, AFTER 
TUBE IS F’LACEXI IN STOMACHv ASF’IRATE FIRST TO REMOVE STOMACH CONTENTS BY 
IRRIGATION SYRINGE, SAVE STOMACH CONTENTS FOR EXAMINATION, ANlJ REPEAT 
INTRODUCTION AND WITHIIHAWL OF 100-300 Ml.. WARM WATER UNTIL AT LEAST 3 
LITERS OF CLEAR REiUkN ARE OBTAINED. USE ACTIVATED CHARCOAL AT BEGINNING 
OF LAUAGE TO AIO IN POISON INACTIVATION+ LEAVE SO GRAMS OF CHARCOAL 
SUSPENDED IN WATER IN THE STOMACH. IF INTRODUCTION AND REMOVAL OF LAUAGE 
FLUID EY GRAVITY REQUIRES MORE THAN FIVE MINUTES9 ASSIST WITH ASEF’TO 
SYRINGE. PREVENT ASPIRATION WITH CUFFET., ENOOTRACHEAL TUBE, AVOID GIVING 
LARGE CJUANTITIES OF WATER. IF F’ATIENT COMATOSEI XNTUEATE TRACHEA WITH 
CUFFED ENDOTRACHEAL TUBE + SUCCINYLCHLORINE MAY BE AOMINXSTERED BY 
QUALIFIEII MEfrICAL PERSONNEL TO EASE INSERTION OF TRACHEAL CATHETER PRIOR 
TO PASSAGE OF STOMACH TUBE, FROCEIIURE MUST DE FERFORMElt RY QUAI.. IFIED 
MEllICAL F’ERSONNEL + (DREISBACH, HANDBOOK OF FOISONINGt iZTH ETr.1. 

T 
SF’ECI.AL DIAGNOSTIC TESTS AND INIlEXES OF EXFOSURE: 
URINE ARSENIC AS EXF’OSURE INDEX. 
ARSENIC IN HAIR ANIl NAILS AS EXPOSURE INDEX+ 
14’ x 17’ POST-ANTERIOR X-RAY, I_ 

Y FUNCTION. 

cad r;hortecly data lost 

ead ahortedlr data lost 

NTER IiOCUMENT SELECTION.,: 7440-28-o 

002 INUALIKI... ENTER DOCUMENT SELECTION (DOC=).,: 7440-28-o 

002 INVALID,.. ENTER IlOCUMENT SELECTION (DOC-1.w: 

1 
N ACCESSION NUMBER: 271. 9211, 
:N CHEMICAL NAME: ARSENICr SOLID. 
;Y SYNONYMS: UN 1558. ARSENIC. COLLOIDAL ARSENIC, ARSENIC RLACK, GREY 

ARSENIC, METALLIC ARSENIC. ARSENXCP METALLIC. ARSEN I CAL-S. ARSENIC-75. 
STCC 4923207. 

:N CAS NUMBER: 7440-38-Z. 

REG. TOXIC N\JMBER: CG0525000 * 

CHEMICAL FORMULA: AS. 
’ 11 

PHYSICAL DESCRIPTION: 
SILVER-GRAY BRITTLEP CRYSTALLINE SOLID WITH AN OnOR OF GARLIC, 

MOL WT: 74,92 

INTER DOCUMENT SELECTION,-: 
-ND OF DOCUMENTS IN LIST,: 
3RS SEARCH MODE - ENTER QUERY 

37, : 7740-28-O\ 

7740-28-O\ SEARCH TERM NOT FOUND 

RESULT 0 DOCUMENTS 
38,: 7440-28-o 

RESULT 1 DOCUMENT 
39-r 



BRS SEARCH floDE - ENTER QUERY 
s ,: ..FRINT ALL/DOC=l 

ACCEiSION NUMBER: 289. 9205. 
CHEMICAL NAME: BARIUM. 

by SYNONYMS: BARIUM METAL. BARIUM? METALLIC. METALLIC BARIUM. BARIUM 
METAL I NON-FYROFHORIC. UN 1400. UN 1399. 

RN CAS NUMBER: 7440-39-3. 

REG. TOXIC NUMBER: CQ8370000, 

CHEMICAL FORMULA: BAm 
FD 

PHYSICAL DESCRIPTION: 
SILVERY-WHITEI SOFT MEFALt TURNS YELLOW ON EXPOSURE TO AIR. 

MOL WT: 137 l 3-6 
BOILING PT: 2984 F 
SOLUBILITY: REACTS 
FLASH FT: FLAtlMABLE SOLID 
VAPOR FRES: 10 JIM AT 1920 F 
MELT FT: 1337 F 
UEL IN AIR: 
LEL IN AIR: 
MEC IN AIR: 
SFEC GRAVITY: 3.5 
VAPOR DENSITY: 
ODOR THRESHOLD: 
OCTANOL/WATER CO-EFFICIENT:. . 

PERMISSABLE EXPOSURE: 
0.5 MG/M3 OSHA TWA 
0.5 MG/M3 ACGIH TWA 
0.S MG/M3 NIOSH RECOMMENDED 10 HR TWA 
CERCLA HAZARD RATING - TOXICITY U - IGNITABILITY 0 - REACTIUfTY 2 - 
PERSISTENCE 3 
TOXICOLOGY: BARIUM IS AN EYE9 SKIN AND MUCOUS MEMBRANE IRRITANT, THERE 
IS INSUFFICIENT DATA TO QUANTIFY THE TOXICITY. POISONING MAY AFFECT THE 
CENTRAL NERVOUS SYSTEM* GASTROINTESTINAL SYSTEflr BLOOD AND KIDNEYS. 
STIMULATION OF ALL MUSCLE TYPES MAY OCCURv ESPECIALLY CARDIAC. CHRONIC 
INHALATION MAY RESULT IN A BENIGN RESPIRATQRY AFFECTION KNOWN AS 
BARITOSISI WHICH9 AS A RULE, CAUSES NO SPECIFIC SYilPTOMS AND NO 
RESPIRATORY INCAPACITY. IT HAY PRODUCE SMALL CIRCUMSCRIBED NODULES 
THROUGHOUT THE LUNG FIELD, NODULATION DISAPPEARS WITH CESSATION OF 
EXPOSURE BUT THERE OFTEN REMAIN SOflE SIGNS CHARACTERISTIC OF CHRONIC 
BRONCHICAL IRRITATION, 
THE THRESHOLD LIMIT VALUE WAS SET AT 0.5 MG/M3. 
PERSONS WITH A HISTORY OF CHRONIC RESPIRATORY9 CARDIOVASCULAR OR SKIN 
DISEASE MAY BE AT AN INCREASED RISK FROhl EXPOSUREn 

OSHA STANDARD 1910.1200 HAZARD COMMUNICATION REQUI[RES CHEMICAL 
MANUFACTURERS AND IMPORTERS TO ASSESS THE HAZARDS OF CHEMICALS WHICH THEY 
PRODUCE OR IMPORTI AND ALL EMPLOYERS To PROVIDE INFORMATION ire THEIR 
EMPLOYEES CONCERNING HAZARDOUS CHEMICALS BY MEANS OF A HAZARD 
COMMUNICATION PROGRAM9 LABELS AND OTHER FORIIS OF WARNING9 ilATERIAL SAFETY 
DATA SHEETS? AND INFORMATION AND TRAINING. REQUIRES DISTRIBUTORS TO 
TRA.NSMIT REQUIRED INFORMATION TO EHPLOYEES. 

DANGEROUS EXPOSURE: 
1100 MG/M3 OSHA/NIOSH 

SILVERY-WHITEp SOFT METAL9 TUR. 
IC 

-.IACL"r..v'I.., *.wq.pcI, 



FLAMMABLE IN AIR, REACTS WITH WATERr RELEASING TGXIC AND/OR DANGEROUS 
GAStES). AMMONIA. OXYGEN. HALOGENS (BROMINE, CHLORINEt IODINEr 
FLUORINE). ACIDS. METAL IN POWDERED FQRM IS EXPLOSIVE. CARBON 
TETRACHLORIDE. REACTS VIGOROUSLY WITH WATER. TRICHLOROTRIFLUOROETHANE, 
TRICHLOROFLUOROMETHANE~ TETRACHLOROETHYLENE. lrlv2-TRICHLOROETHYLENE. 
BROMINE FENTAFLUORIDE. IODINE HEPTAFLUORIDE. 

CL 
CLOTHING: 

FOLLOWING INFORMATION FROM NIOSH/OSHA ‘OCCUPATIONAL HEALTH GUIDELINES FOR 
CHEMICAL HAZARDS’: 
EMPLOYERS SHALL PROVIDE AND ENSURE THAT EMF’LOYEES USE APPROPRIATE 
PROLONGED SKIN CONTACT WITH SOLUBLE BARIUM COMPOUNDS OR LIQUIDS 
CONTAINING SOLUBLE BARIlJM COMPOUNDS. FACE SHIELDS SHALL COMPLY WITH 
29CFR1910,133(A)(2)r (A)(4)r (A)(S)r (A)(b). 
EMPLOYERS SHALL ENSURE THAT CLOTHING CONTAMINATED WITH THIS SLJBSTANCE IS 
PLACED IN CLOSED CONTAINERS FOR STORAGE UNTIL IT CAN BE DISCARDED OR 
UNTIL THE EMPLOYER PROVIDES FOR THE REMOVAL OF THE CONTAMINANT FROM THE 
CLOTHING. IF THE CLOTHING IS TO BE LAUNDERED OR OTHERWISE CLEANED TO 
REMOVE THE CONTAMINANT9 THE EMPLOYER SHALL INFORM THE PERSON PERFORMING 
THE CLEANING OF THE HAZARDOUS PROPERTiES OF THE SUBSTANCE. 

WEAR EYE PROTECTION TO PREVENT: 
FOLLOWING INFORMATION FROM NIOSH/OSHA ‘OCCUPATIONAL HEALTH GUIDELINES FOR 
CHEMICAL HAZARDS’: 
EMFLOYERS SHALL PROVIDE AND ENSURE THAT EMPLOYEES USE DlJSTAND SPLASHPROOF 
SAFETY GOGGLES WHICH COMPLY WITH 29CFRl910.133(A)(2)-0(6) WHERE SOLUBLE 
BARIUM COMF’OUNDS OR LIQUIDS CGNTAINING SOLUBLE BARIUM COMPOUNDS MAY 
CONTACT THE EYES. 

EMPLOYEE SHOULD WASH: 
FOLLOWING INFORMATION FROM NIOSH/OSHA ‘OCCUPATIONAL HEALTH GUIDELINES FOR 
CHEMICAL HAZARDS‘: 
EMPLOYERS SHALL ENSURE THAT EMPLOYEES WHOSE SKIN BECOMES WET WITH THIS 
SUBSTANCE YROFMTLY WASH OR SHOWER TO REMOVE ANY CONTAMINANT FROM THE 
SKIN. 
EMPLOYERS SHALL ENSURE THAT EMPLOYEES WHO HANDLE SOLUBLE BAR:tUM COMPOUNDS 
OR LIQUIDS CONTAINING SOLIJBLE BARIUM COMPOUNDS WASH THEIR HANDS 
THOROUGHLY BEFORE EATING* SMOKING9 OR USING TOILET FACILITIES. 

WORK CLOTHING SHOULD BE CHANGED DAJLY: 
NOT REQUIRED. 

REMOVE CLOTHING: 
FOLLOWING INFORMATION FROM NIOSH/OSHA ‘OCCUPATIONAL HEALTH GUIDELINES FOR 
CHEMICAL HAZARDS’: 
EMFLOYERS SHALL ENSURE THAT NON-IMPERVIOUS CLOTHING WHICH BECOMES WET 
WITH THIS SUBSTANCE BE REMOVED PROMPTLY AND NOT REWORN UNTIL THE 
SUBSTANCE fS REMOVED FROM THE CLOTHING. 

THE FOLLOWING EQUIPMENT SHOULD BE AVAILABLE: 
FOLLOWING INFORMATION FROM NIOSH/OSHA ‘OCCUPATIONAL HEALTH GUIDELINES FOR 
CHEMICAL HAZARDS’: 
EMPLOYERS SHALL ENSURE THAT EMPLOYEES DO NOT EAT OR SMOKE IN AREAS WHERE 
SOLUBLE BARItJM COMPOUNDS QR LIQUIDS CONTAINING SOLLJBLE BARIUM COMPOUNDS 
ARE HANDLED9 PROCESSED, OR STORED. 

RP 
RESPIRATOR SELECTION (UPPER LItlIT DEVICES PERMITTED): 
5 HS/M3 

- DUST AND MIST RESPIRATOR EXCEPT SINGLE-USE RESPIRATORS AND 
QUA’liTERMASK RESPIRATORS 

- SUPPLIED-AIR RESPIRATOR 
- SELF-CONTAINED BREATHING APPARATUS 

12.5 MG/M3 
- FOilEREIS. AIR-PURIFYING RESPIRATOR WITH A DUST AND HIST FILTER 



25 flG/M3 
- AIR-PURIFYING FULL FACEPIECE RESPIRATOR WITH A HTGH-EFFICIENCY 

PARTICULATE FILTER 
- POWERED AIR-PURIFYING RESPIRATOR WITH A TIGHT-FITTING FACEPIECE 

AND HIGH-EFFICIENCY PARTICULATE FILTER 
- SUYPLIED-AIR RESPIRATOR WITH A TIGHT-FITTING FACEPIECE OPERATED 

IN A CONTINUGUS FLOW MODE 
- SELF-CONTAINED BREATHING APPARATUS WITH A FULL FACE-PIECE 
- SUPPLIED-AIR RESPIRATOR 
WITH A FULL FACE-PIECE 

250 MG/H3 
- SUPPLIED-AIR RESPIRATOR WITH FULL FACEPIECE OPERATED IN 

PRESSURE-DEMAND OR OTHER POSITIVE PRESSURE MODE 

ESCAPE 
- AIR-PURIFYING FULL FACEPIECE RESPIRATOR WITH A HIGH-EFFICXENCY 

PARTICULATE FILTER 
- APPROPRIATE ESCAPE-TYPE SELF-CGNTAINED BREATHING APPAIRATUS 

FIREFIGHTING 
- SELF-CONTAINED BREATHING APPARATUS WITH A FULL FACE-PIECE 

OPERATED IN PRESSURE-DEMAND OR POSITIVE-PRESSURE MODE 

FIREFIGHTING 
- SELF-CONTAINED BREATHING APPARATUS 
WITH A FULL FACE-PIECE 
OF’ERATED IN PRESSURE-DEMAND OR POSITIVE-PRESSURE MODE. 

MS 
MEDICAL SURVEILLANCE: 

*') NO INFORMATION AVAILABLE FROM NIOSH/OSHA ‘OCCUPATIONAL HEALTH &JIDELfNES 
FOR CHEMICAL HAZARDS’; ADVISE: EKG RECOMMENDED IF EMPLOYEE TO WEAR 
FULL-FACE RESPIRATOR, 
GENERAL MEDICAL HISTORY. 
40CFR717 RECORDS AND REPORTS OF ALLEGATIONS THAT CHEHICAL SUBSTANCES 
CAUSE SIGNIFICANT ADVERSE REACTIONS TO HEALTH OR THE ENVIRONMENT TOXIC 
SUBSTANCES CONTROL ACT (TSCA) SECTION 8(C) RULE REQUIRES IIANUFACTURERS 
AND CERTAIN PROCESSORS OF CHEMICAL SUBSTANCES AND MIXTURES TO KEEP 
RECORDS OF SIGNIFICANT ADVERSE REACTIONS TQ EilPLOYEE HEALTH FOR 30 
YEARS. 
PHYSICIAN PRE-PLACEMENT AND ANNUAL EXAMS, 
MEDICAL WARNING FOR REFUSAL OF MEDICAL EXAMINATION, 
CARDIOVASCULAR DISEASE + 
CHRONIC RESPIRATORY DISEASE. 
CENTRAL NERVOUS SYSTEM EXAMINATION. 
SPECIAL ATTENTION TO SKIN, 
14 BY 17 CHEST P.A. X-RAY. 
PULMONARY FUNCTIONS. 
RESPIRATORY HISTORY. 
ELECTROCARDIOGRAM. 
29CFR1910.20 OSHA STANDARD SUBPART C - GENERAL SAFETY AND HEALTH 
PROVISIONS PROVIDES FOR EMPLOYEE, DESIGNATED REPRESENTATIVE9 AND OSHA 
ACCESS TO EMPLOYER-MAINTAINED EXPOSURE AND MEDICAL RECQRDS RELEVANT TO 
EMPLOYEES EXPOSED TO TOXIC SUBSTANCES AND HARMFUL PHYSICAL AGENTS. 
J3FR38140 9/29/88 (AMENDED). 

RE ,. 
ROUTE OF ENTRY: 
INHALATION, INGESTION. SKIN OR EYE CONTACT. 

TO ” 
TARGET ORGANS: 
HEART. LUNGS. CENTRAL NERVOUS SYSTEM. SKIN. RESPIRATORY !3YSTEM. 
EYES. 

SP 
SYMPTflMS: 



IRRITATION, EXTREME REACTION TO A CONDITION (SCOO90). 
EYEv ORGAN OF SIGHT (SCO17O)i 
ZRRITATIONI EXTREME REAC,TION TO A CONDITION (SCOO90). 
MUCOUS MEMBRANE? MEMBRANE LINING PASSAGES/CAVITIES (SCO109)i 
IRRITATIONl EXTREME REACTIQN TO A CONDITION (SCOO90). COUGHINGv FORCEFUL 
EXPIRATION tSCO173). DYSPNEA, DIFFICULTY IN BREATHING (SCOOS2). 
VOMITING, PERTAINING TO NAUSEA (SCO166). DIARRHEA9 UNCONTROLLED LOOSE ~ 
BOWELS (SCOO46). TREMQRSv TREMBLING, SHAKING (SCO197). DERMATITISI 
INFLAMMATION OF SKIN (SCOO44). CONJUNCTIVITIS~ INFLAMMATION OF EYES 
(SCOO31). WEAKNESS 9 LACK OF STRENGTH (SCO167). ANXIETYw A TROUBLED 
FEELING (SCOOO9). ABDOMINAL CRAMPS9 PAINFUL SPASMS OF AIBDOMINAL AREA 
(SCO218). GASTROENTERITIS, STOMACH AND INTESTINAL I'NFLAMMATIGN (SCO351). 
GZDDINESSr FRIVOLOUSI DIZZINESS (SCOO71). TINNITUS, RINGING IN EARS 
(SCO308). VERTIGOv FEELING OF WHIRLING MOTION (SCOl63). CONFUSION? IN 
A BEWILDERED STATE tSCOO30). SOMNOLENCEv PROLONGED SLEEPINESS (SCO152). 
SLOW PULSE? DECREASED HEARTBEAT (SCO437). HYPOKALEMIAv DEPLETION OF 
BLOOD POTASSIUM (SCO472). ARRHYTHMIAl ABSENCE OF RHYTHM; IRREGULARITY 
(sc0010). 
MUSCLEI TISSUE RESPONSIBLE FOR MOTION. (SCO623)i 
STIMULATIONI TO EXCITE (SCO279). PARALYSIS9 LOSS GF POWER OF UULUNTARY 
MOVEMENT (SCO1241, HEMOLYSIS, BLOOD DISSOLUTION, DESTRUCTION (SCO195). 
HEMORRHAGE, BLEEDING (SCOO80). CONVULSIONSr SlJDDEN MUSCLE CONTRACTIONS 
(SCOO34). KIDNEY DAMAGEv INJURY TO THE KIDNEY (SCO2201, 
CARDIACl PERTAXNING TO HEART tSCOO23)i 
FAILUREv LOSS OF FUNCTION (SCO386). 
RESPIRATORYI PERTAINING TO THE LUNGS (SCO142)i 
FAILURE9 LOSS OF FUNCTION (SCO386). 

FA 
FIRST AID. 

(1 OF 4) . 

IF THIS CHEMICAL GETS INTO THE EYESI WASH THE EYES IMMEDIATELY WITH LARGF 
AMOUNTS OF WATER OR NORMAL SALINEI OCCASIONALLY LIFTING UPPER AND LOWER 
LIDSt UNTIL NO EVIDENCE OF CHEMICAL REMAINS (APPROXIMATELY 15-20 
MINUTES). GET MEDICAL ATTENTION IMMEDIATELY. 

(2 OF 4) 
IF THIS CHEMICAL GETS ON THE SKIN, REIIO’JE CONTAMINATED CLOTHING AND SHOES 
IMMEDIATELY. WASH AFFECTED AREA WITH SOAP OR MILD DETERGENT AND LARGE 
AMOUNTS OF WATER UNTIL NO EVIDENCE OF CHEMICAL REMAINS (APPROXIHATELY 
15-20 MINUTES). GET MEDICAL ATTENTION IMIEDIATELKI 

(3 OF 4) 
IF THIS CHEMICAL HAS BEEN INHALEDl REMOVE FROM EXPOSURE ARE4 TO FRESH AIR 
IMMEDIATELY. IF BREATHING HAS STOPPEDI PERFORM ARTIFICIAL RESPIRATION. 
KEEP PERSON WARM AND AT REST. TREAT SYMPTOMATICALLY AND SUPPORTIVELY. 
GET MEDICAL ATTENTION IMMEDIATELY. 

(4 OF 4) 
SOLUBLE BARIUM COMPOUNDS INGESTION: INDUCE VOMITING IMMEDIATELY WHEN 
SOLUBLE BARIUM COMPOUNDS ARE INGESTED. TREAT SYMPTOMATICALLY AND 
SUPPORTIVELY (PARMEGGIANIv ENCYCLOPEDIA OF OCCUPATIONAL HEALTH AND 
SAFETY, 3RD ED), GET MEDICAL ATTENTION IMMEDIATELY. ANTIDOTE: GIVE 30 
GRAMS OF SODIUM SULFATE IN 250 flL OF WATER ORALLY AND REPEAT IN ONE HOUR. 
GIVE %Y GASTRIC TUBE IF SYMPTOMS HAVE APPEARED. THE ADMINISTRATION OF 
SULFATE SALTS INTRAVENOUSLY IS HAZARDOUSI SINCE THEY INDUCE THE 
PRECIPITATION OF BARIUM SULFATE IN THE KIDNEY? WITH SUBSEQUENT RENAL 
FAILURE. IF SYMPTOMS ARE SEVERE AND OTHERWISE UNCONTROLLABLEI GIVE 10 F" 
OF..lO% SODIUM SULFATE SLOWLY INTRAVENOUSLY WHILE MAINTAINING MAXIMUM 
DIURESIS (DREISBACHv HANDBOOK OF POISONINGI 1lTH ED.)+ ANTIDOTE SHOULD 
BE ADMINISTED BY QUALIFIED MEDICAL PERSONNEL. 

SPECIAL DIAGNOSTIC TElSTS AND INDEXES OF EXPOSURE: 
ELECTROCARDIOGRAM. 
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ACCESSION NUMBER: 322. 9112. 
CHEMICAL NAME: BENZENE. 
SYNONYMS : BENZOL. CYCLOHEXATRIENE. COAL TAR NAPHTHA. PHENYL HYDRIDE. 
NCI-C55276. BENZINE. BENZOLE. ANNULENE. '(6)ANNULENE. UN 1114. 
BENZOLENE. BICARBURET OF HYDROGEN. CARBON OIL. COAL NAPHTHA. STCC 
4908110. MOTOR BENZOL. RCRA UO19. PHENE. PYROBENZOL, PYROBENZOLE. 
CAS NUMBER: 71-43-2. 

REG. TOXIC NUMBER: cY1400000. 

CHEMICAL FORMULA: C6H6. ._ 

PHYSICAL DESCRIPTION: 
COLORLESS TO LIGHT YELLOW LIQUID WITH AN AROMATIC ODOR. 

MOL WT: 78.08 
BOILING PT: 176 F (80 C) 
SOLUBILITY: 0.18% @ 25 C 
FLASH PT: 12 F (-11 C) 
VAPOR PRES: 74.6 MIYHG 
MELT PT: 42 F (6 C) 
UEL IN AIR: 7.9% 
LEL IN AIR: 1.3% 
MEC IN AIR: 928 F (498 C) 
SPEC GRAVITY: 0.877 
VAPOR DENSITY: 2.8 
ODOR THRESHOLD: 1.5 - 5 PPM 
OCTANOL/WATER CO-EFFICIENT: 2.13. 

PERMISSABLE EXPOSURE: 
1 PPM OSHA TWA; 5 PPM OSHA 15 MIN STEL; 0.5 PPM OSHA ACTION LEVEL 
10 PPM ACGIH TWA;(NOIC 90-91);ACGIH A2 - SUSPECTED HUMAN CARCINOGEN 
0.1 PPM NIOSH RECOMMENDED 10 HR TWA; 1 PPM NIOSH-RECOMMENDED STEL 
OSHA CARCINOGEN; KNOWN HUMAN CARCINOGEN (NTP) 
HUMAN SUFFICIENT EVIDENCE FOR CARCINOGENICITY (IARC GROUP-l) 
ANIMAL SUFFICIENT EVIDENCE FOR CARCINOGENICITY (IARC GROUP-l) 
HUMAN CARCINOGEN (EPA - CATEGORY A) 
REPRODUCTIVE EFFECTS DATA (RTECS); MUTAGENIC DATA (RTECS) 
TUMORIGENIC DATA (RTECS) 
AQUATIC TOXICITY RATING 2 (TLM96 lo-100 PPM) 
BLUEGILLS 24.49 PPM 
CERCLA HAZARD RATINGS - TOXICITY 3 - IGNITABILITY 3 - REACTIVITY 0 - 
PERSISTENCE 1 
TOXICOLOGY: BENZENE IS A SKIN AND EYE IRRITANT. IT IS MODERATELY 
TOXIC BY INGESTION AND SLIGHTLY TOXIC BY INHALATION. BENZENE IS A 
CENTRAL NERVOUS SYSTEM DEPRESSANT AND BONE MARROW DEPRESSANT. 
POISONING MAY ALSO AFFECT THE IMMUNE, HEMATOPOIETIC AND NERVOUS 
SYSTEMS. EXPOSURE MAY CAUSE WEAKNESS, SOMETIMES PRECEDED BY A BRIEF 
PERIOD OF EUPHORIA, CARDIAC ARRHYTHMIAS AND COMA. CHRONIC EXPOSURE 
MAY CAUSE DECREASED BLOOD PRESSURE, INCREASED SERUM BILIRUBIN LEVELS, 
APLASTIC ANEMIA AND IMMUNOSUPRESSION. EPIDEMILOGICAL STUDIES HAVE 
ESTABLISHED A RELATIONSHIP BETWEEN PROLONGED BENZENE EXPOSURE AND 
LEUKEMIA. 
THE THRESHOLD LIMIT VALUE WAS ESTABLISHED TO PREVENT TOXIC EFFECTS. 
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PERSONS WITH CERTAIN IMMUNOLOGICAL TENDENCIES MAY BE AT INCREASED 
RISK. 
ALCOHOLIC BEVERAGES MAY INCREASE TOXIC EFFECTS. STIMULANTS, SUCH AS 
EPINEPHRINE, MAY CAUSE CARDIAC ARRYTHMIAS. 
ORL-MAN LDLO: 50 MG/KG IHL-MAH TCLO: 150 PPM/lY-I 
IHL-MAN LCLO: 2 PPH/SM IHL-HMN LCLO: 2000 PPM/SM 
IHL-HMN TCLO: 100 PPM IHL-HMN LCLO: 65 MG/M3/5Y 
ORL-RAT LD50: 3306 MG/KG ORL-MUS LD50: 4700 MG/XG 
IHL-RAT LC50: 10,000 PPM/7H IHL-MUS LCSO: 9980 PPM 
IPR-RAT LD50: 2890 UG/KG IPR-MUS LD50: 340 XG/KG 
OR&-DOG LDLO: '2000 MG/XG IHL-CAT LCLO: 170,000 MC/KG 

OSHA STANDARD 1910.1200 HAZARD COMMUNICATION REQUIRES CHEMICAL 
MANUFACTURERS AND IMPORTERS TO ASSESS THE HAZARDS OF CHEMIWS W'HICH THEY 
PRODUCE OR IMPORT, AND ALL EMPLOYERS TO PROVIDE INFORMATION TO THEIR 
EMPLOYEES CONCERNING HAZARDOUS CHEMICALS BY MEANS OF A HAZARD 
COMMUNICATION PROGRAM, LABELS AND OTHER FORMS OF WARNING, UTERIAL SAFETY 
DATA SHEETS, AND INFORMATION AND TRAINING. REQUIRES DISTRIBUTORS TO 
TRANSMIT REQUIRED INFORMATION TO EMPLOYEES. 

DANGEROUS EXPOSURE: 
3000 PPM POTENTIAL 

CARCINOGENOSHA/NIOSH 
COLORLESS TO LIGHT YELLOW LIQU. 

INCOMPATIBILITIES: 
SEND BACK AREA EXCEDED. ACIDS (STRONG): INCOMPATIBLE ALLYL CHLORIDE WITH 
DICHLOROETHYL ALUMINUM OR ETHYLALUMINUM SESQUICHLORIDE: POSSIBLE 
EXPLOSION ARSENIC PENTAFLUORIDE + POTASSIUM METHOXIDE: EXPLOSIVE 
INTERACTION BASES (STRONG): INCOMPATIBLE BROMINE PENTAFLUORIDE: FIRE AND 
EXPLOSION HAZARD BROMINE TRIFLUORIDE: POSSIBLE EXPLOSION OR IGNITION 
BROMINE + IRON: INCOMPATIBLE CHLORINE: EXPLOSION IN THE PRESENCE OF LIGHT 
CHLORINE TRIFLUORIDE: VIOLENT REACTION WITH POSSIBLE EXPLOST:ON CHROMIC 
ANHYDRIDE (POWDERED): IGNITION DIBORANE: SPONTANEOUSLY EXPLOSIVE REACTION 
IN AIR DIOXYGEN DIFLUOROBORATE: IGNITION REACTION DIOXYGENYL 
TETRAFLUOROBORATE: IGNITION REACTION INTERHALOGEN COMPOUNDS: IGNITION OR 
EXPLOSION IODINE HEPTAFLUORIDE: IGNITION ON CONTACT IODINE PENTAFLUORTDE: 
VIOLENT INTERACTION ABOVE 50 C NITRIC ACID: VIOLENT OR EXPLOSIVE UNLESS 
PROPERLY AGITATED AND COOLED NITRYL PERCHLORATE: EXPLOSIVE INTERACTION 
OXIDIZERS (STRONG): FIRE AND EXPLOSION HAZARD OXYGEN (LIQUID): EXPLOSIVE 
MIXTURE OZONE: FORMATION OF GELATINOUS OZONIDE PERCHLORATES (METAL): 
FORMATION OF EXPLOSIVE COMPLEX. 

CLOTHING: 
29CFR1910.1028 BENZENE PERSONAL PROTECTIVE CLOTHING AND EQUIPMENT SHALL 
BE WORN WHERE APPROPRIATE TO PREVENT EYE CONTACT AND LIMIT DERMAL 
EXPOSURE TO LIQUID BENZENE. PROTECTIVE CLOTHING AND EQUIPMENT SHALL BE 
PROVIDED BY THE EMPLOYER AT NO COST TO THE EMPLOYEE AND THE EMPLOYER 
SHALL ASSURE ITS USE WHERE APPROPRIATE. 
-ACGIH "GUIDELINES FOR THE SELECTION OF CHEMICAL PROTECTIVE CLOTHING" 
INDICATED THE FOLLOWING PROTECTIVE RATINGS FOR MATERIALS COMMONLY USED 
FOR PROTECTIVE CLOTHING. THESE RATINGS ARE BASED PRIMARILY ON 
QUANTITATIVE TEST RESULTS AND QUALITATIVE RESISTANCE INFORMATION. (THE 
RECOMMENDATIONS APPLY TO THE PURE SUBSTANCE ONLY; BREAKTHROUGH-TIME MAY 
VARY, FOR MIXTURES.) (A "+" DESIGNATES A BLEND OF MATERIALS, WHILE A "/" 
DESIGNATES A COATED OR LAMINATED MATERIAL=) - 
BENZENE: EXCELLENT/GOOD: NONE INDICATED GOOD/FAIR: VITON/NEOPRENE 
BUTYL/NEOPRENE POLYVINYL ACETATE SILVERSHIELD POOR/FAIR: CHLORINATED 
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'POLYETRYLENE VITON NEOPRENE+STYRENE-BUTADIENE RUBBER STYRENE-BUTADIENE 
<RUBBER/NEOPRENE POOR: BUTYL RUBBER NEOPRENE NATURAL RUBBER POLYVINYL 
hLCOHOL POLYVINYL CHLORIDE EVA TEFLON POLYURETWAN E NONWOVEN PQLYETHYLENE 
SARANEX STYRENE-BUTADIENE RUBBER NEOPRENE/NATURAL RUBBER 
NITRILE+POLYVINYL CHLORIDE NITRILE RUBBER POLYETHYLENE. 

RP 

WEAR EYE PROTECTION TO PREVENT: 
29CFR1910.1028 BENZENE EYE AND FACE PROTECTION SHALL MEET THE 
REQUIREMENTS OF 29CFR1910.133. 
FOLLOWING INFORMATION FROM NIOSH/OSHA "OCCUPATIONAL HEALTH GUIDELINES FOR 
CHEMICAL HAZARDS": 
EMPLOYERS SHALL PROVIDE AND ENSURE THAT EMPLOYEES USE SPLASH-PROOF SAFETY 
GOGGLES WHICH COMPLY WITH 29CFRl910=133(A)(2)-(A)(6) WHERE THIS LIQUID 
MAY CONTACT THE EYES. 

._ 
EMPLOYEE SHOULD WASH: 

NO SPECIFIC REGULATIONS UNDER 29CFR1910. 
FOLLOWING INFORMATION FROM NIOSH/OSHA "OCCUPATIONAL HEALTH GUIDELINES FOR 
CHEMICAL HAZARDS": 
EMPLOYERS SHALL ENSURE THAT EMPLOYEES WHOSE SKIN BECOMES WET WITH THIS 
SUBSTANCE PROMPTLY WASH OR SHOWER WITH SOAP OR MILD DETERGENT AND WATER 
TO REMOVE ANY CONTAMINANT FROM THE SKIN. 

WORE CLOTHING SHOULD BE CHANGED DAILY: 
NO SPECIFIC REGULATIONS UNDER 29CFR1910. 
FOLLOWING INFORMATION FROM NIOSH/OSHA 'OCCUPATIONAL HEALTH GUIDELINES FOR 
CHEMICAL HAZARDS": 
NOT REQUIRED. 

REMOVE CLOTHING: , 
NO SPECIFIC REGULATIONS UNDER 29CFR1910. 
FOLLOWING INFORMATION FROM NIOSH/OSHA "OCCUPATIONAL HEALTH GUIDELINES FOR 
CHEMICAL HAZARDS": 
EMPLOYERS SHALL ENSURE THAT ANY CLOTHING WHICH BECOMES WET WI:TH THIS 
FLAMMABLE LIQUID BE REMOVED IMMEDIATELY AND NOT REIWORN UNTIL THE 
SUBSTANCE IS REMOVED FROM THE CLOTHING. 

THE FOLLOWING EQUIPMENT SHOULD BE AVAILABLE: 
NO SPECIFIC REGULATIONS UNDER 29CFR1910. 
NO SPECIFIC REQUIREMENT. IF INDICATED BY THE NATURE OF THE SUBSTANCE AND 
THE PROBABILITY OF EXPOSURE, PROVIDE AN EYE WASH AND FACILITIES FOR QUICK 
DRENCHING OF THE BODY WITHIN THE IMMEDIATE WORK AREA FOR EMERGENCY USE. 

RESPIRATOR SELECTION (UPPER LIMIT DEVICES PERMITTED): 
BENZENE 

THE FOLLOWING RESPIRATORS ARE THE MINIMUM LEGAL REQUIREMENT AS SET 
FORTH BY THE OCCUPATIONAL SAFETY AND HEALTH ADMINISTRATION FOUND IN 
29CFR1910, SUBPART 2. LESS THAN OR EQUAL TO 10 PPM - HALF-MASK 
AIR-PURIFYING RESPIRATOR WITH ORGANIC VAPOR CARTRI:DGE LESS THAN OR EQUAL 
TO 50 PPM - FULL FACEPIECE RESPIRATOR WITH ORGANIC VAPOR CARTRIDGES - 
FULL FACEPIECE GAS MASK WITH CHIN-STYLE CANISTER LESS THAN OR EQUAL TO 
100 PPM - FULL FACEPIECE POWERED AIR-PURIFYING RESPIRATOR WITH ORGANIC 
VAPOR CANISTER LESS THAN OR EQUAL TO 1000 PPM - SUPPLIED-AIR RESPIRATOR 
WITH FULL FACEPIECE IN POSITIVE-PRESSURE MODE GREATER THAN 1000 PPM OR 
UNXNOWN CONCENTRATION - SELF-CONTAINED BREATHING APPARATUS WI'TH FULL 
FACERIECE IN POSITIVE PRESSURE MODE - FULL FACEPIECE POSITIVE PRESSURE 
SUPPLIED-AIR RESPIRATOR WITH AUXILIARY SELF-CONTAINED AIR SUPPLY ESCAPE 
- ANY ORGANIC VAPOR GAS MASK - ANY SELF-CONTAINED BREATHING APPARATUS 
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WITH A FULL FACEPIECE FIREFIGHTING' - FULL FACEPIECE SELF-CONTAINED 
BREATHING APPARATUS IN POSITIVE PRESSURE MODE THE FOLLOWING RESPIRATORS 
AND MAXIMUM USE CONCENTRATIONS ARE RECOMMENDATIONS BY THE U.S. DEPARTMENT " 
OF HEALTH AND HUMAN SERVICES, NIOSH POCKET GUIDE TO CHEIUCAL HA-S OR 
NIOSH CRITERIA DOCUMENTS. 

ANY DETECTABLE CONC 
- SELF-CONTAINED BREATHING APPARATUS WITH A FULL FACE-PIECE 

OPERATED IN PRESSURE-DEMAND OR POSITIVE-PRESSURE MODE 
- SUPPLIED-AIR RESPIRATOR WITH A FULL FACEPIECE OPERATED IN 

PRESSURE-DEMAND OR OTHER POSITIVE PRESSURE MODE WITH AUXILIARY 
SELF-CONTAINED BREATHING APPARATUS OPERATED IN POSITIVE PRESSURE MODE 

ESCAPE 
- GAS MASK WITH AN ORGANIC VAPOR-CANISTER (CHIN-STYLE OR FRONTOR 

BACK-MOUNTED CANISTER) 
- APPROPRIATE ESCAPE-TYPE SELF-CONTAINED BREATHING APPARATUS 

FIREFIGHTING 
- SELF-CONTAINED BREATHING APPARATUS WITH A FULL FACE-PIECE 

OPERATED IN PRESSURE-DEMAND OR POSITIVE-PRESSURE MODE 
- SUPPLIED-AIR RESPIRATOR WITH A FULL FACEPIECE OPERATED IN 

PRESSURE-DEMAND OR OTHER POSITIVE PRESSURE MODE WITH AUXILIARY 
SELF-CONTAINED BREATHING APPARATUS OPERATED IN POSITIVE PRESSURE MODE. 

MS 
MEDICAL SURVEILLANCE: 
BENZENE 29CFR1910.1028(1) MEDICAL SURVEILLANCE THE OCCUPATIONAL SAFETY 
AND HEALTH ADMINISTRATION REQUIRES EMPLOYERS TO PROVIDE A MEDICAL . 
SURVEILLANCE PROGM FOR EMPLOYEES. (1) EMPLOYEES COVERED. (A) 
EMPLOYEES WHO ARE OR MAY BE EXPOSED TO BENZENE AT OR ABOVE THE ACTION 
LEVEL 30 OR MORE DAYS PEIR YEAR. (B) EMPLOYEES WHO ARE OR MAY BE EXPOSED 
TO BENZENE AT OR ABOVE THE PELS 10 OR MORE DAYS A YEAR. (C) EMPLOYEES 
WHO HAVE BEEN EXPOSED To, MORE THAN 10 PPM OF BENZENE FOR 30 OR MORE DAYS 
IN A YEAR PRIOR TO THE E:FFECTIVE DATE OF THE STANDARD. (D) EMPLOYEES 
INVOLVED IN THE TIRE BUILDING OPERATIONS CALLED TIRE BUILDING M&CHINE 
OPERATORS, WHO USE SOLVENTS CONTAINING GREATER THAN 0.1 PERCENT BENZENE. 
(2) INITIAL EXAMINATION. (A) A DETAILED OCCUPATIONAL HISTORY WHICH 
INCLUDES: (1) PAST WORK EXPOSURE TO BENZENE AND OTHER HEMATOLOGICAL 
TOXINS; (2) A FAMILY HISTORY OF BLOOD DYSCRASIAS INCLUDING HEMATOLOGICAL 
NEOPLASMS; (3) A HISTORY OF BLOOD DYSCRASIAS INCLUDING GENETIC HEMOGLOBIN 
ABNORMALITIES, BLEEDING ABNORMALITIES, ABNORMAL FUNCTION OF FORMED BLOOD 
ELEMENTS; (4) A HISTORY OF RENAL OR LIVER DYSFUNCTION; (5) A HISTORY OF 
MEDICINAL DRUGS ROUTINELY TAKEN; (6) A HISTORY OF PREVIOUS EXPOSURE TO 
IONIZING RADIATION, AND (7) EXOSURE TO MARROW TOXINS OUTSIDE OF THE ORX 
SITUATION. (B) COMPLETE PHYSICAL EXAMINATION. (C) LABORATORY TESTS (1) 
A COMPLETE BLOOD COUNT ItNCLUDING A LEUKOCYTE COUNT WITH DIFFERENTIAL (2) 
QUANTITATIVE THROMBOCYTE COUNT (3) HEMATOCRIT (4) HEMOGLOBIN (5) 
ERYTHROCYTE COUNT (6) ERYTHROCYTE INDICES (MCV,MCH, MCHC) (D) ADDITIONAL 
TEST AS NECESSARY IN THE OPINION OF THE EXAMINING PHYSICIAN AND; (E) FOR 
ALL WORKERS REQUIRED TO WEAR RESPIRATORS AT LEAST 30 DAYS OR MORE A YEAR, 
THE PHYSICAL EXAM SHALL PAY SPECIAL ATTENTION TO THE CARDIOPULMONARY 
SYSTEM AND SHALL INCLUDE A PULMONARY FUNCTION TEST., (3) PERIODIC 
EXAMINATIONS. (A) THE EMPLOYER SHALL PROVIDE EACH COVERED EMPLOYEE WITH 
A MEDICAL EXAM ANNUALLY FOLLOWING THE PREVIOUS EXAM. THESE PERIODIC 
EXAMS SHALL INCLUDE AT ILEAST THE FOLLOWING: (1) BRI,EF HISTORY REGARDING 

.NEW EXPOSURE TO POTENTIAL MARROW TOXINS, CHANGES IN DRUG USE AND THE 
APPEARANCE OF PHYSICAL SIGNS RELATING TO BLOOD DISORDERS; (2) A COMPLETE 
BLOOD COUNT INCLUDING A LEUKOCYTE COUNT WITH DIFFERENTIAL; (3) 
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QUANTITATIVE THROMBOCYTE COUNT; (4) HEMOGLOBIN; (5) REMATOCRIT; (6) 
ERYTHROCYTE COUNT; (7) ERYTHROCYTE INDICES (MCV,MCH,MCHC) AND 

I' ',(B)APPROPRIATE ADDITIONAL TESTS AS NECESSARY, IN THE OPINION OF THE 
EXAMINING PHYSICIAN, IN CONSEQUENCE OF. (A) ALTERATIONS IN BLOOD 
COMPONENTS OR OTHER SIGNS WHICH MAY BE RELATED TO BENZENE EXPOSURE; (B) ' 
THE EMPLOYEE DEVELOPING SIGNS AND SYMPTOMS ASSOCIATED WITH BENZENE 
POISONING; (C) REQUZRED USE OF RESPIRATORS FOR AT LEAST 30 DAYS A.YEAR, 
PULMONARY FUNCTION TEST SHALL BE PERFORMED EVERY 3 YEARS ALONG WITH A 
SPECIFIC EVALUATION OF THE CARDIOVASCULAR SYSTEM. (4) EMERGENCY 
EXAMINATIONS. IF AN EMPLOYEE IS EXPOSED TO BENZENE IN AN EMERGENCY 
SITUATION, THE EMPLOYEE SHALL PROVIDE A URINE SAMPLE AT THE END OF THE 
SHIFT AND HAVE A URINE PHENOL TEST PERFORMED ON THE SAMF'LE WXTHIN 72 
HOURS. (A) IF THE RESULT OF THE TEST IS BELOW 75 MG PHENOL/L OF URINE; 
NO FURTHER TESTING IS REQUIRED. (B) IF THE RESULT OF THE URINARY PHENOL 
TEST IS EQUAL TO OR GREATER THAN 75 MG PHENOL/L OF URINE, THE EKPLOYER 
SHALL PROVIDE THE mPLOYEE WITH: (I) A COMPLETE BLOOD COUNT INCLUDING AN 
ERYTHROCYTE COUNT; (2) A LEUKOCYTE COUNT WITH DIFFERENTIAL AND (3) A 
THROMBOCYTE COUNT AT MONTHLY INTERVALS FOR A DURATION OF THREE MONTHS 
FOLLOWING THE EMERGENCY EXPOSURE. (5) ADDITIONAL EXAMINATIONS AND 
REFERRALS. (A) 'WHERE THE COMPLETE BLOOD COUNT RESULTS INDICATE ANY OF 
THE FOLLOWING ABNORMAL CONDITIONS EXIST, THEN THE BLOOD COUNT SHALL BE 
REPEATED WITHIN TWO WEEKS. (1) IF THE HEMOGLOBIN LEVEL OR HEMATOCRIT 
FALLS BELOW THE NORMAL LIMIT AND/OR THESE INDICES SHOW A PERSISTENT 
DOWNWARD TREND FROM PRE-EXPOSURE NORMS; (2) THE THROMBOCYTE COUNT VARIES 
MORE THAN 20 PERCENT BELOW THE MOST RECENT VALUE OR FALLS OUTSIDE THE 
NORMAL LIMIT; (3) THE :LEUKOCYTE COUNT IS BELOW 4,000 MM3 OR THERE IS AN 
ABNORMAL DIFFERENTIAL COUNT;. 
(A) IF THE ABNORMALITY PERSISTS, THE PHYSICIAN SHALL REFER THE EMPLOYEE 
TO A HEMATOLOGIST/ INTERNIST FOR FURTHER EVALUATION UNLESS THE PHYSICIAN 
BELIEVES SUCH A REFm IS UNNECESSARY. (B) THE EMPLOYER SHALL PROVIDE 
THE HEMOTOLOGIST/INTERNIST WITH ALL AVAILABLE MEDICAL RECORDS ON THE 
EMPLOYEE. (C) THE HEk'IATOLOGIST'S OR INTERNIST'S EVALUATION SHALL INCLUDE 
A DETERMINATION AS TO THE NEED FOR ADDITIONAL TESTS AND THE EMF'LOYER 
SHALL ASSURE THESE TESTS ARE PROVIDED. 
(6) INFORMATION PROVIDED TO THE PHYSICIAN. (A) A COPY OF THIS REGULATION 

AND ITS APPENDICES; (B) A DESCRIPTION OF THE AFFECTED EMPLOYEE'S DUTIES 
AS THEY RELATE TO EXPOSURE; (C) THE EMPLOYEE'S ACTUAL CR REPRESENTATIVE 
EXPOSURE LEVEL; (D) A DESCRIPTION OF ANY PERSONAL PROTECTIVE EQUIPMENT 
USED OR TO BE USED AND (E) INFORMATION FROM PREVIOUS EHPLOYMENT-RELATED 
MEDICAL EXAMS OF THE AFFECTED EMPLOYEE WHICH IS NOT OTHERWISE AVAILABLE 
TO THE EXAMINING PHYSICIAN. (7) PHYSICIANS WRITTEN OPl[NION. FOR EACH 
EXAM THE EMPLOYER SHALL OBTAIN AND PROVIDE THE EMPLOYEE WITH A COPY OF 
THE PHYSICIANS WRITTEN OPINION WITHIN 15 DAYS OF THE EXhM. THE WRITTEN 
OPINION SHALL BE LIMITED TO THE FOLLOWING: (A) THE OCCUPATIONALLY 
PERTINENT RESULTS OF THE MEDICAL EXAM AND TESTS; (B) PHYSICIANS OPINION 
CONCERNING WHETHER THE EMPLOYEE HAS ANY DETECTED MEDICAL CONDITIONS WHICH 
WOULD PLACE THE EMPLOYEE AT INCREASED RISK FROM EXPOSURE; (C) PHYSICIANS 
RECOMMENDED LIMITATIONS UPON THE EMPLOYEE'S EXPOSURE TO BENZENE OR UPON 
THE EMPLOYEE'S USE OF PROTECTIVE CLOTHING OR EQUIPMENT AND RESPIRATORS; 
AND (D) A STATEMENT THAT THE EMPLOYEE HAS BEEN INFORMED BY THE PHYSICIAN 
OF THE RESULTS OF THE EXAM AND ANY MEDICAL CONDITION RESULTING FROM 
BENZENE EXPOSURE WHICH REQUIRE FURTHER EXPLANATION OR TREATMENT. THIS 
STATEMENT SHALL NOT REVEAL SPECIFIC RECORDS, FINDINGS AND DIAGNOSES THAT 
HAVE NO BEARING ON THE EMPLOYEE'S ABILITY TO WORK IN A BENZENE-EXPOSED 
WORKPLACE. (8) MEDICAL REMOVAL PLAN. (A) WHEN AN EMPLOYEE HAS BEEN 
REFERRED TO A HEMATOLOGIST/INTERNIST THE EMPLOYEE SHALL BE REMOVED FROM 
AREAS WHERE EXPOSURES MAY EXCEED THE ACTION LEVEL UNTIL A DECISION IS 
MADE BY THE PHYSICIAN I:N CONSULTATION WITH THE HEMATOLOGIST/INTERNIST TO 
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ALLOW THE EMPLOYEE TO RETURN. THIS DECISION SHALL BE GIVEN IN WRITING TO 
THE EMPLOYER AND EMPLOYEE. IN CASE OF REMOVAL, THE PHYSICIAN SHALL STATF 
THE PROBABLE DURATION OF REMOVAL AND THE REQUIREMENTS FOR FUTURE MEDICA*'-' 
EXAMS TO REVIEW THE DECISION. (B) FOR ANY EMPLOYEE WHO IS REMOVED, THE 
EMPLOYER SHALL PROVIDE A FOLLOW-UP EXAM. WITHIN SIX MONTHS A DECISION 
SHALL BE MADE BY THE PHYSICIAN, IN CONSULTATION WITH THE HEMOTOLOCIST/ 
INTERNIST AS TO WHETHER THE EMPLOYEE SHALL BE RETURNED TO THE USUAL JOB 
OR SHOULD BE REMOVED PERMANENTLY. (C) IF AN EMPLOYEE IS TEMPORARILY 
REMOVED, THE EMPLOYER SHALL TRANSFER THE EMPLOYEE TO A COMPARABLE JOB 
THAT IS EXPOSED IN NO EVENT TO BENZENE LEVELS HIGHER THAN THE ACTION 
LEVEL. THE EMPLOYER SHALL MCAINTAIN THE EMPLOYEE'S CURRENT WAGE RATE, 
SENIORITY AND OTHER BENEFITS. IF NO SUCH JOB IS AVAILABLE THE EMPLOYER 
SHALL PROVIDE MEDICAL REMOVAL PROTECTION BENEFITS UNTIL SUCH A JOB 
BECOMES AVAILABLE OR FOR SIX MONTHS, WHICHEVER COMES FIRST. (D) IF AN 
EMPLOYEE IS PERMANENTLY REMOVED FROM BENZENE EXPOSURE, THE EMPLOYEE SHALL 
BE GIVEN THE OPPORTUNITY TO TRANSFER,-TO ANOTHER POSITION WHICH IS 
AVAILABLE OR SHORTLY BECOMES AVAILABLE FOR WHICH THE EMPLOYEE IS 
QUALIFIED (OR CAN BE TRAINED FOR IN A SHORTTIME) AND WHERE BENZENE 
EXPOSURE IS AS LOW AS POSSIBLE - IN NO EVENT HIGHER THAN THE ACTION 
LEVEL. THE EMPLOYEE SHALL SUFFER NO REDUCTION IN CURRENT WAGE RATE, 
SENIORITY OR OTHER BENEFITS AS A RESULT OF THE TRANSFER. (9) MEDICAL 
REMOVAL PROTECTION BENEFITS. (A) THE EMPLOYEE SHALL RECEIVE SIX MONTHS 
OF MEDICAL REMOVAL PROTECTION BENEFITS IMMEDIATELY FOLLOWING EACH 
OCCASION AN EMPLOYEE IS REMOVED FROM EXPOSURE BECAUSE OF HEMATOLOGICAL 
FINDINGS UNLESS THE EMPLOYEE HAS BEEN TRANSFERRED TO A COMPARABLE JOB 
WHERE BENZENE EXPOSURE IS BELOW ACTION LEVEL. (B) FOR THE PURPOSES OF 
THIS SECTION, THE REQUIREMENT THAT AN EMPLOYER PROVIDE MEDICAL REMOVAL 
PROTECTION BENEFITS MEANS THAT THE EMPLOYER SHALL MAINTAIN THE WAGE RATE; 
SENIORITY AND OTHER BENEFITS OF AN EMPLOYEE AS THOUGH THE EMPLOYEE HAD 
NOT BEEN REMOVED. (C) THE EMPLOYERS OBLIGATION TO PROVIDE MEDICAL 
REMOVAL PROTECTION BENEFITS TO A REMOVED EMPLOYEE SHALL BE REDUCED TO THE 
EXTENT THAT THE EMPLOYEE RECEIVES COMPENSATION FOR LOST EARNINGS FROM A 
PUBLICLY OR AN EMPLOYER-FUNDED COMPENSATION PROGRAM, OR FROM EMPLOYMENT 
WITH ANOTHER EMPLOYER MADE POSSIBLE BY VIRTUE OF THE EMPLOYEE'S REMOVAL. 
ACGIH BIOLOGICAL EXPOSURE INDICES FOR BENZENE: SO MG/L TOTAL PHENOL IN 
URINE / TIMING -END OF SHIFT 0.08 PPM BENZENE IN MIXED EXHALED AIR / 
TIMING --PRIOR TO NEXT SHIFT 0.12 PPM BENZENE IN-EXHALED AIR / TIMING 
-PRIOR TO NEXT SHIFT. 
29CFR1910.20 OSHA STANDARD SUBPART C - GENERAL SAFETY AND HEALTH 
PROVISIONS PROVIDES FOR EMPLOYEE, DESIGNATED REPRESENTATIVE, AND OSHA 
ACCESS TO EMPLOYER-MAINTAINED EXPOSURE AND MEDICAL RECORDS RELEVANT TO 
EMPLOYEES EXPOSED TO TOXIC SUBSTANCES AND HARMFUL PHYSICAL AGENTS. 
53FR38140 g/29/88 (AMENDED). 

ROUTE OF ENTRY: 
INHALATION. SKIN ABSORPTION. INGESTION. SKIN OR EYE CONTACT. 

TARGET ORGANS: 
BLOOD. CENTRAL NERVOUS SYSTEM. SKIN. BONE MARROW. EYES. RESPIRATORY 
SYSTEM. 

SYMPTOMS: 
SKIN, COVERING OF BODY (SC0174); 
IRRITATION, EXTREME REACTION TO A CONDITION (SCoo90). 
EYE, ORGAN OF SIGHT (SCO170); 
IRRJCTATION, EXTREME REACTION TO A CONDITION (SCOO~O). 
MUCOUS MEMBRANE, MEMBRANE LINING PASSAGES/CAVITIES (SCo109); 
IRRITATION, EXTREME REACTION TO A CONDITION (SC009o)- NAUSEA, SICKNESS 
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‘AT THE-STOMACH (SCbllS:). VOMITING, PERTAINING TO NAUSEA (SC0166). 
HEADACHE, PAIN IN HEAD OR CRANIUM AREA (SCO075). DIZZINESS, FEELING 
'FAINT, LIGHT-HEADED, UNSTEADY(SC0048). DROWSINESS, FALLING ASLEEP 
(SCOO49). WEAKNESS, LACK OF STRENGTH (SC0167). EUPHORIA, AN EXAGGERATED 
FEELING OF WELL-BEING (SCO061). IRRITABILITY, QUICK EXCITABILITY TO 
ANNOYANCE (SCOOSl). MALAISE, UNEASINESS, DISCOMFORT, FEELING BAD 
(SCO106). CONFUSION, TN A BEWILDERED STATE (SCOO30). ATAXIA, MUkJUR 
INCOORDINATION (SCO013). INCOORDINATION, LACK OF COORDINATION (SCO085). 
CHEST, THE THORAX (SCO'754); 
PAIN, SUFFERING, EITHER PHYSICAL OR MENTAL (SCO182:). DYSPNEA, DIFFICULTY 
IN BREATHING (SCOOS2). PALLOR, PALENESS, AS OF THE SKIN (SCO122). 
CYANOSIS, DARN BLUE/PURPLE SKIN COLOR (SCO038). TINNITUS, RINGING IN 
EARS (SCO308). BLURRED VISION, (SCO015). DELIRIUM, STATE OF 
DISORIENTATION, CONFUSION (SCO288). 
CARDIAC, PERTAINING TQ HEART (SCOOZS); 
ARRHYTHMIA, ABSENCE OF RHYTHM; IRREGULARITY (SCOOlO). ANESTHESIA, LOSS 
OF SENSATION (SCOOOS). PARALYSIS, LOSS OF POWER OF VOLUNTARY MOVEMENT 
(SC0124). TREMORS, TR.EMBLING, SHARING (SC0197). CONVULSIONS, SUDDEN 

MUSCLE CONTRACTIONS (SCO034). POLYNEURITIS, INFLAMMATION OF MANY NERVES 
(SC0624). ANOREXIA, DIMINISHED APPETITE (SCOOOS). INSOMNIA, INABILITY 
TO OBTAIN NORMAL SLEEP (SCO088). AGITATION, JERKI:NG OF ARMS (SCOO03). 
ERYTHEMA, REDNESS, SPOTS ON SXIN (SCOO60). APLASTIC ANEMIA, ANEMIA FROM 
BONE MARROW DAMAGE (SClO28S). ASPHYXIA, SUFFOCATION (SCOOll). 
CENTRAL NERVOUS SYSTEM, PERTAINING TO NEURAL BODY SYSTEM (SCOOZS); 
DEPRESSION, DECREASE IN ACTIVITY/FUNCTION (SCO043). VENTRICULAR 
FIBRILLATION, RAPID CONTRACTIONS OF VENTRICLES (SC0162). FATIGUE, 
TIREDNESS, SLUGGISH (SCO066). FEVER, BODY TEMPERAITURE ABOVE NORMAL 
(SCOO67). HYPOTENSION, LOW BLOOD PRESSURE (SCOl80). TACHYCARDIA, 

ABNORMAL RAPID HEARTBEAT (SC0158). 
CEREBRAL, PERTAINING TC CEREBRUM (BRAIN) (SCO024); 
ATROPHY, WASTING FROM MALNUTRITION (SC0196). BLOOD CHANGES, CHANGES IN 
BLOOD CELLS OR MORPHOLOGY (SC0227). BRUISE, IMPAC!T INJURY WITHOUT 
LACERATION (SC0779). IHEMOLYSIS, BLOOD DISSOLUTION1, DESTRUCTION (SCO195). 
LEUKEMIA, CANCER OF BLOOD CELL PRODUCTION (SCOlOO). 
CARCINOMA, MALIGNANT CANCEROUS GROWTH (SC0365); 
IN EXPERIMENTAL ANIMALS, (SC0212). MENSTRUAL DISORDERS, DISTURBANCE IN 
MENSES (SC0752). 
REPRODUCTIVE EFFECTS, BIRTH DEFECTS (SC0281); 
IN EXPERIMENTAL ANIMALS, (SCO212). 
RESPIRATORY, PERTAINING TO THE LUNGS (SC0142); 
FAILURE, LOSS OF FUNCT:ION (SC0386). 
CIRCULATORY, PERTAINING TO CIRCULATION (SCO613); 
COLLAPSE, EXTREME PROSTRATION (SCO029). 

FIRST AID. 

(1 OF 5) 
IF THIS CHEMICAL GETS INTO THE EYES, WASH THE EYES IMMEDIATELY WITH LARGE 
AMOUNTS OF WATER OR NORMAL SALINE, OCCASIONALLY LIFTING UPPER AND LOWER 
LIDS, UNTIL NO EVIDENCE OF CHEMIGAL REMAINS (APPROXIMATELY 15-20 
MINUTES). GET MEDICAL-ATTENTION IMHEDIATELY. 

(2 OF 5) 
IF THIS CHEMICAL GETS (ON THE SKIN, REMOVE CONTAMINATED CLOTHING AND SHOES 
IMMEDIATELY. WASH AFFECTED AREA WITH SOAP OR MILD.DETERGENT AND LARGE 
AMOUNTS OF WATER'UNTIL NO EVIDENCE OF CHEMICAL REMAINS (APPROXIMATELY 
15-20 MINUTES). GET MEDICAL ATTENTION IMMEDIATELY. 
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BL,ACK POWDER 

FRICTION TEST 
PA 

Steel - Snaps 
Fiber - Unaffected 

. 

IMPACT TEST 
., PA 

16 Xnches (10% Point) ._ 
i . 

ELECTROSTATIC DISCHARGE TEST . 
Bureau of Mines 

0.8 Joules .(Confined) ' 
. l2.5 Joules (tjnconfined) 

. 

a . 5 STABILITY'. , 

7S” C Internotional Heat Test - 0.31% Loss 
Vacuum Stabi,lity - 0.5~~ @ l?O" C . 

DRISANCE - Sand Test 0 $n. 

VELOCITY 

In the open, trains of black powder burn very alowly, 
measurable in second6 per foot. Confined, as in steel. pipe, 
speeds of explosion6 have been.timed at velues from 560 feet 
per second for very coarse granulations to 2,070 feet :;; 
second for the finer granulations. .a* Confinement 
*granulation will affect the values. 

CBEMICAL DECOMPOSITXON 

Use water to dissolve the potassium nitrate. By leaching 
out the potassium nitrate, the residue of sulfur and charcoal 
is non-explosive but combustible - dispose sepa,rately. 
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1. Black Poder is vet-f fksitivi to flzamrand spsrrk and can also be ignited 
by .fridotl.urJ i#tpac% 
viol- &d vi11 

Men. ignited uncanfind, it turns with ucglosive 
w&de iF ignited unr?el: mrm sllqht confirmmat. * . 

Mm &y, it is mmpstfbls with wst awmls. Houwer, it 1s hydroscopic: ad -’ 
dxn mt l ttjckr all -metals exceptsulnless steel. 

2, -=I: Orplosfvm mat be tested foe caupatibflity with any matedal noi. 
qecifiad in th8 pEodwtion/ptocurat package vfth vhfr32r thy may cum fn 
CnttWt. )bteriaLa inchcla other explosives, aalvecm, adhesives, smalls, 
plastics, pints, clssning cimpure, floor and tPbla covetfmqs, psckinq - *.. 
lmt8tialsdothr aimflat8k8tetfala,situatfonsd~i~t. mplosfvi!s ’ 
fnclub, ptqrsnanta ad gylmpxliu. * . 
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..PRINT 1 ALL/DOC=l 

1 
AN ACCESSION NUMBER: 499. 9204, 

CN CHEMICAL NAME: CADMIUM. 
3Y SYNONYMS: C.1. 77180, CADMIUM ELEMENT, 
RN CAS NUMBER: 7440-43-9, 

REG. TOXIC NUMBER: EU9800000, 

CHEMICAL FORMULA: CD. 
P D 

PHYSICAL DESCRIPTION: 
SOFT? DUCTILEI MALLEABLE SILVER-WHITE, LUSTROUS MfTAL OR POWDER. 

MOL WT: 112.41 
BOILING PT: 1409 F (765 C) 
SOLUBILITY: INSOLUBLE 
FLASH PT: FLAMMABLE SOLID 
VAPOR PRES: 1 MMHG 8 394 C 
MELT PT: 610 F (321 C) 
UEL IN AIR: NOT AVAILABLE 
LEL IN AIR: NOT AVAILABLE 
MEC IN AIR: 482 F (LAYER) 
SPEC GRAVITY: 8.642 
VAPOR DENSITY: 
ODOR THRESHOLD: 
OCTANOL/WATER CO-EFFICIENT:. 

EL 
PERMISSABLE EXPOSURE: 
f OSHA EXPOSURE LIMIT REMOVED AS PER OSHA INSTRUCTION PUB S-1.4 
0.05 MG(CS)/M3 ACGIH TWA (DUSTS AND SALTS) 
(NOTICE OF INTENDED CHANGES 1990-91) 
LOWEST FEASIBLE LIMIT NIOSH RECOMMENDED EXPOSURE CRITERIA 
HUMAN LIMITED EVIDENCE FOR CARCINOGENICITY (IARC GROUP-2A CADMIUM) 
ANIMAL SUFFICIENT EVIDENCE FOR CARCINOGENICITY (IARC GROUP-;!A CADMIUM) 
ANTICIPATED HUMAN CARCINOGEN (NTP) 
PROBABLE HUMAN CARCINOGEN (EPA-CATEGORY B) 
MUTAGENIC DATA (RTECS); TIJMORIGENIC DATA (RTECS) 
REPRODUCTIVE EFFECTS DATA (RTECS) 
CERCLA HAZARD RATINGS - TOXICITY 3 - IGNITA.BILITY 3 - REACTIVITY 0 
PERSISTENCE 3 
TOXICOLOGY: CADMIUM IS A RESPIRATORY IRRITANT ANXl MAY BE A SKIN 
AND EYE IRRITANT. IT IS HIGHLY TOXIC BY INHALATION AND TOXIC BY 
INGESTION. CADMIUM IS ALSO A NEPHROTOXIN. POISONING MAY AFFECT THE 
LIVERl BONE, BLOODr LUNGS AND NERVOUS SYSTEM. EARLY SYMPTOMS OF 
RHINITIS AND VERTIGO MAY BE FOLLOWED BY A LATENT PERIOD OF I TO 10 
HOURS WHICH MAY PRECEDE THE ONSET OF SUBSTERNAL OR PRECORDIAL CHEST 
PAINI A FLU-LIKE SYNDROME AND MUSCULAR PAIN IN THE BACK AND LIMBS. 
CADMIUM IS HIGHLY CUMULATIVE. REPEATED OR PROLONGED EXPOSURE MAY 
CAUSE IRREVERSIBLE LUNG INJURY9 YELLOW DISCOLORATION OF THE TEETH 
AND SEVERE KIDNEY EFFECTS, CADMIUM HAS PRODUCED LOCAL SARCOMAS IN 
RATS FOLLOWING INTRAMUSCULAR ADMINISTRATION. OCCUPATIONAL EXPOSURE 
TO CADMIUM IS IMPLICATED IN A SIGNIFICANT INCREASE IN THE INCIDENCE 
OF PROSTATIC AND RESPIRATORY CANCERS. 
THE THRESHOLD LIMIT VALUE WAS SET TO PREVENT PROTEINURIAI 
PULMONARY EDEMA AND EMPHYSEMA. 
DEFICIENCIES IN IRON, CALCIUMr ZI’NCr PROTEIN AND VITAMINS C AND 
D MAY ENHANCE THE TOXIC EFFECTS. ALTERATIONS OF DRUG METABOLIZING 
ACTIVITY HAVE BEEN INDICATED IN ANIMALS. 
IHL-HMN LCLO: 39 MG/M3/2OM ZHL-MAN TCLO: 88 UG/M3/8.6Y 
IHL-RAT LCSO: 25 MG/M3/30M ORL-RAT LDSO: 225 MG/KG 
ORL-MUS LD50: 890 MG/KG SCU-RAT LDSO: 9 MG/KG 
*cl~-hAt I fl(En+ A Yr? /WC TIILI-PAT I nsn* 9 onn II~ /k-f-z 



OSHA STANDARD 191011200 HAZARD COMMUNTCATIQN REQUIRES CHEMICAL 
MANUFACTURERS AND IMPORTERS TO ASSESS THE HAZARDS OF CHEMICALS WHICH THEY 
PRODUCE OR IMPORT I AND ALL EMPLOYERS TO PROVIDE INFORMATION TO THEIR 
EMPLOYEES CONCERNXNG HAZARDOUS CHEMICALS BY MEANS OF A HAZARD 
COMMUNICATION PROGRAMv LABELS AND OTHER FORMS OF WARNING, MATERIAL SAFE ,,, 
DATA SHEETS, AND INFORMATIQN AND TRAINING, REQUIRES DISTRTBUTORS TO 
TRANSMIT REQUIRED INFORMATION TO EMPLOYEES. 

DANGEROIJS EXPOSURE : 
50 MG/M3 POTENTIAL 

CARCINOGENNIOSH 
SOFTI DUCTILE~ MALLEABLE SILVE, 

IC 
INCOMPATIBILITIES: 
CADMIUM: AMMONIUM NITRATE (FUSED): VIOLENT OR EXPLOSIVE REACTION 
HYDRAZOIC ACID: MAY EXPLODE VIOLENTLY NITRYL FLUORIDE: INCANDESCENT 
REACTIGN WHEN HEATED SLIGHTLY OXIDIZERS (STRONG): FIRE AND EXPLOSION 
HAZARD SELENIUM: EXOTHERMIC REACTION SULFUR: FIRE AND EXPLOlSIGN HAZARD 
TELLURIUM: INCANDESCENT REACTION IN-HYDROGEN ATMOSPHERE ZINC: INTENSE 
EXOTHERMIC REACTION, THERMAL DECOMPOSITION PRODUCTS ARE HAIZARDOUS AND/OR 
TOXIC. 

CL 
CLOTHING: 

FOLLOWING INFORMATION FROM NIOSH/OSHA ‘OCCUPATIONAL HEALTH GUIDELINES FQR 
CHEMICAL HAZARDS’ : 
EMPLOYERS SHALL ENSURE THAT CLOTHING WHICH HAS HAD ANY POSS;IBILITY OF 
BEING CONTAMINATED WITH THIS SUBSTANCE IS PLACED IN CLOSED CONTAINERS FOR 
STORAGE UNTIL IT CAN BE DISCARDED OR UNTIL THE EMPLOYER PROVIDES FOR THE 
REMOVAL OF THE CONTAMINANT FROM THE CLOTHING. IF THE CLOTHING IS TO BE 
LAUNDERED OR OTHERWISE CLEANED TO REMOVE THE CONTAMINANT9 THE EMPLOYER 
SHALL INFORM THE PERSON PERFORMING THE OPERATION OF THE HAZ:ARDOUS 
PROPERTIES OF THE SUBSTANCE. 

WEAR EYE PROTECTION TO PREVENT: 
NO SPECIFIC REQUIREMENT. USE APPROPRIATE SAFETY GOGGLES* AS INDICATED BY 
THE NATURE OF THE CONTAMINANT AND THE LIKELIHOOD OF EXPOSURE, 

EMPLOYEE SHOULD WASH: 
FOLLOWING INFORMATION FROM NIOSH/OSHA ‘OCCUPATIONAL HEALTH GUIDELINES FOR 
CHEMICAL HAZARDS’: 
EMPLOYERS SHALL ENSURE THAT ALL EMPLGYEES SUBJEC:T TO SKIN CONTACT WITH 
THIS SUBSTANCE WASH WITH SOAP OR MILD DETERGENT AND WATER ANY AREAS OF 
THE BODY WHICH MAY HAVE CONTACTED THE SUBSTANCE AT THE END OF EACH WORK 
DAY. 
EMPLOYERS SHALL ENSURE THAT EMPLOYEES WHO HANDLE THIS SUBSTANCE WASH 
THEIR HANDS THOROUGHLY WITH SOAP OR MILD DETERGENT AND WATE:R BEFORE 
EATlNG OR SMOKING, 

WORK CLOTHING SHOULD BE CHANGED DAILY: 
FOLLOWING INFORMATION FROM NIOSH/OSHA ‘OCCUPATIONAL HEALTH GUIDELINES FOR 
CHEMICAL HAZARDS’ : 
EMPLOYERS SHALL ENSURE THAT EMPLOYEES WHOSE CLOTHING HAS HAD ANY 
POSSIRILITY OF BEING COkTAMINATED WITH THIS SUBSTANCE CHANGE INTO 
UNCONTAMINATED CLOTHING BEFORE LEAVING THE WORK PREMISES. 

REMOVE CLOTHING: 
NO SPECIFIC REQUIREMENT. IF INDICATED BY THE NATURE OF THE CONTAMINANT 
AND THE EXTENT OF EXPOSURElr REMOVE CLOTHING AND DO NQT WEAR AGAIN UNTI 
SUBSTANCE HAS BEEN REMOVED FROM CLOTHING. 

THE FOLLOWING EQUIPHENT SHOULD BE AVAILABLE: 
FOLLOWING INFORHATION FROM NIOSH/OSHA ‘OCCUPATIGNAL HEALTH GUIDELINES FOR 
CHEMICAL HAZARDS’: 
rllr., ,-I”#-hP. PUA, I cuc,,l3c TUAT CUl3,nYLTCE l31-I hlf?T C&T n@ qMn@F ‘I’N &RFAs WHFRE 
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RP 
RESPIRATOR SELECTION (UPPER LIMIT DEVICES PERMITTED): 
ANY DETECTABLE CONC, 

- SELF-CONTAINED BREATHING APPARATUS WITN A FULL FACE-PIECE 
OPERATED IN PRESSURE-DEMAND OR POSITIVE-PRESSURE MODE 

- SUPPLIED-AIR RESPIRATOR WITH A FIJLL FACEPIECE OPERATED IN 
PRESSURE-DEMAND OR OTHER POSITIVE PRESSURE MODE WITH AUXILIARY 
SELF-CONTAINED EREATHING APPARATUS OPERATED IN POSITIVE PRESSURE MODE 

ESCAPE 
- AIR-PURIFYING FULL FACEPIECE RESF'IRATOR WITH A HIGH-EFFICIENCY 

PARTICULATE FILTER 
- AYPROPRIATE ESCAPE-TYPE SELF-CONTAINED BREATHING APPARATUS 

FIREFIGHTING 
- SELF-CONTAINED BREATHING APPARATUS WITH A FtJLL FACE-PIECE 

OPERATED IN PRESSURE-DEMAND OR POSITIVE-PRESSURE MODE 
- SUPPLIED-AIR RESPIRATOR WITH A FULL FACEPIECE OPERATED IN 

PRESSURE-DEMAND OR ‘OTHER POSITIVE RRESSURE MODE WITH AUXIL.IARY 
SELF-CONTAINED BREATHING APPARATUS OPERATED IN POSITIVE PRESSURE MODE. 

MS 
MEDICAL SURVEILLANCE: 
29CFR1910e20 OSHA STANDARD SUBPART C - GENERAL SAFETY AND HEALTH 
PROVISIONS PROVIDES FOR EMPLOYEEI DESIGNATED REPRESENTATIVE I AND OSHA 
ACCESS TO EMPLOYER-MAINTAINED EXPOSURE AND HEDICAL RECORDS RELEVANT TO 
EMFLOYEES EXPOSED TO TOXIC SUBSTANCES AND HARHFUL PHYSICAL AGENTS. 
53FR38140 9/29/88 (AMENDED). 
40CFR717 RECORDS AND REPORTS OF ALLEGATIONS THAT CHEMICAL SUBSTANCES 
CAUSE SIGNIFICANT ADVERSE REACTIONS TO HEALTH OR THE ENVIRQNMENT TOXIC 
SUBSTANCES CONTROL ACT (TSCA) SECTION 8(C) RUL.E REQUIRES MANUFACTURERS 
AND CERTAIN PROCESSORS OF CHEMICAL SUBSTANCES AND MIXTURES TQ KEEP ,, 
RECORDS OF SIGNIFICANT ADVERSE REACTIONS TO EMF’LOYEE HEALTH FOR 30 
YEARS + 
FOLLOWING INFORMATION FROM NIOSH/OSHA ‘OCCUPATIONAL HEALTH GUIDELINES FOR 
CHEMICAL HAZARDS’. 
GENERAL MEDICAL HISTORY, 
PHYSICIAN PRE-PLACEMENT AND ANNUAL EXAMS. 
URINALYSIS. 
14 BY 17 CHEST P.A. X-RAY. 
KIDNEY FUNCTION. 
FORCED VITAL CAPACITY. 
FORCED EXPIRATORY VOLUME (1 SECOND), 
RESPIRATORY HISTORY., 
LIVER FUNCTION. 
PROSTATE EXAM, 
COMPLETE BLOOD COUNT. 
BLOOD CHEMISTRY e 
OTHER MEDICAL SURVEILLANCE RECOMMENDED: SMOKING AND TOBACCO HISTORIES. 
CHRONIC RESPIRATORY DISEASE. 
ACGIH BIOLOGICAL EXPOSURE INDICES FOR CADMIUM: 10 UG/G CRE:ATININE CADMIUM 
IN URINE / TIMING -NOT CRITICAL 10 UG/L CADMIUM IN BLOOD I' TIMING -NOT 
CRITICAL, 

RE 
ROUTE OF ENTRY: 
INHALATION. INGESTION. SKIN OR EYE CONTACT. 

TO 
TARGET ORGANS: 
RESPIRATORY SYSTEM, CENTRAL NERVOUS SYSTEM. KIDNEYS. LIVER e SKELETAL. 
FROSTATE. RLOOD. 

SP 
SYMPTOMS: 
SKIN? COVERING OF BODY (SCO174)i 
IRRITATION? EXTREME REACTION TO A CONDITION (SCOO90). 
EYEI ORGAN OF SIGHT (SCOl70); 
~~n.9.~*~*~,, C"l#-,cul- rnPAc)~Td-b., Trl * PnL,l-lTTTn~, # c#-AAo* \ 
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IRRITATIONI EXTREME REACTION TO A CONDITION (SCOO90). RHINITISlr 
INFLAHMATION OF NASAL MUCOSA (SCO236). VERTIGOI FEELING OF WHIRLING 
MOTION (SCO163). METALLIC TASTE9 TASTE RESEMBLING METAL IN MOUTH 
(SCO216). DYSPNEAt DIFFICULTY IN BREATHING (SCOO52). CYANOSIS, DARK 
BLUE/PURPLE SKIN COLOR (SCOO38). 
CHESTI THE THORAX (SCO754); 
PAIN9 SUFFERING, EITHER PHYSICAL OR MENTAL (SCOl82). WEAKNESS* LACK f 
STRENGTH (SCO167). MALAISEI UNEASINESSI DISCOMFQRTr FEELING BAD 
(SCO106). NAUSEA9 SICKNESS AT THE STOMACH (SCOl:LS). VOMITINGv 
PERTAINING TO NAUSEA (SCO166). HEADACHEt PAIN IN HEAD OR CRANIC.UM AREA 
(SCOO75) l FEWER9 BODY TEMPERATURE ABOVE NORMAL (SCOO67). CHILLS, A 
SHIVERING OR SHAKING (SCO736)e SWEATINGr EXCRET:ING MOISTURE THROUGH THE 
SKIN (SCO1561, COUGHING1 FORCEFUL EXPIRATION (SCO173)e FROTHY SPUTUM* 
FOAMY MIXTURE OF SALTVA AND MUCOUS (SCO627). DERMATITISv INFLAMMATION OF 
SKIN (SCOO44). CONJUNCTIVITISI INFLAHHATION GF EYES (SCOO31). PULMONARY 
RALES I ABNORMAL RESPIRATORY SOUNDS (SCO206). 
PULMONARYI PERTAINING; TO THE RESPIRATORY TRACT (SCOSOO)) 
EDEMA 9 FLUID RETENTION WITH SWELLING (SCO181). PNEUMONITISr LOCALIZED 
INFLAHMATION OF LUNG (SCO137). PULMONARY FIBROSIS, FIBROUS TISSUE 
INVOLVING LUNGS (SCO244). ANEMIAt RED BLOOD CELLS LESS THAN NORMAL 
(SCOOO4). TESTICULAR ATROPHYI WASTINGr REDUCTION OF HALE GONADS 
(SCO268) * 
NASAL 3 PERTAINING TO THE NOSE (SCO114)i 
SEPTUM I WALL DIVIDING 2 CAVITIES OF NOSE (SCO202). 
ULCERATIONI LESION OF TISSUE (SCO313). 
KIDNEY DAMAGE9 INJURY TO THE KIDNEY (SCO220). 
KIDNEY I F’OST-PERITONEUM ORGAN FOR URINE WASTE(SC0094); 
STONES I HARDENED MINERAL MATTER (SCO603). 
KIDNEY I POST-PERITONEUM ORGAN FOR URINE WASTE(SC0094); 
FAILURE? LOSS OF FUNCTION (SCO386). OSTEOPOROSIS~ DEMINERALIZATION OF 
BONE (SCO763). LIVER DAMAGEl INJURY TO THE LIVER (SCO221). TENESMUS I 
INVOLUNTARY DEFECATION/URINATION (SCO261). CONVULSIONSv SlJDDEN MUSCLF’ 
CONTRACTIONS (SCOO341, BLURRED VISIONv (SCOO15). SHOCK, SUDDEN PHYS, _ 
OR MENTAL DISTURBANCE:(SC0228). 
CARDIOPULMONARYv PERTAINING TO THE HEART AND LllNGS (SCO764)i 
DEPRESSION9 DECREASE IN ACTIVITY/FUNCTION (SCOO431, 
CARDLOVASCULARI PERTAINING TO HEART 8 BLOOD VESSELS (SC00371 i 
EFFECTSP SIGNS AND SYMPTOMS (SCO579). 
KIDNEYI POST-PERITONEUM ORGAN FOR URINE WASTE(SC0094)i 
CANCERI MALIGNANT TUMOR OR NEOPLASH (SCOO20). 
RESPIRATORY, PERTAINING TO THE LUNGS (SCOl42); 
CANCER? MALIGNANT TUMOR OR NEOPLASM (SCOO20). 
PROSTATE? SEMEN PRODlJCING GLAND OF MALE (SCO203)i 
CANCER t MALIGNANT TUMOR OR NEOPLASM (SCOO20). 
REPRODUCTIVE EFFECTS t BIRTH DEFECTS (SCO281)i 
IN EXPERIHENTAL ANIMALSI (SCO212). TOOTH DISCOLORATIQN~ ABNORMAL TOOTH 
COLOR (SCO553). PROTEINURIAp PROTEIN IN URINE9 OFTEN ALBIJMIN (SCOl40). 
GLYCOSURIAv GLUCOSE :IN URINE (SCO407). 
BONE g PART OF THE SKE:LETON (SC01851 i 
EFFECTS9 SIGNS AND SYMPTOMS (SCO579). VERTIGO* FEELING OF WHIRLING 
MOTION (SCO163). 
RESPIRATORY, PERTAINING TO THE LUNGS (SCO142)i 
IRRITATIONp EXTREME REACTION TO A CONDITION (SCo1090). 
UNCGNSCIOUSNESSt NOT AWAKE; INSENSIBLE (SCO198)i. 

FA 
FIRST AID l 

(1 OF 6) 
IF THIS CHEMICAL GETS INTO THE EYES, UASH THE EY’ES IMMEDIATELY WITH Lt _ 
AMOUNTS OF WATER OR NORMAL SALINE9 OCCASIONALLY LIFTING UPPER AND LOWER 
LInsI UNTIL NO EVIDENCE OF CWEHICAL REMAINS (APPROXIMATELY 15-20 
MINUTES 1. GET MEDICAL ATTENTION IHHEDIATELY. 
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AtlL+JNTS OF WATER UNTIL NO EVIDENCE OF CHEMICAL REMAINS (APPROXIMATELY 
15220 MINUTES). GET iMEDICAL ATTENTION IMMEDIATELY. 

(3 OF 6) 
IF THIS CHEMICAL HAS :BEEN INHALED, REMOVE FROM EXPOSURE AREA TO FRESH AIR 
IMMEDIATELY, IF BREATHING HAS STOFFEDl PERFORM ARTIFICIAL RESPIRATION. 
KEEP PERSON WARM AND AT REST. TREAT SYMPTOMATICALLY AND SUPPORTIVELY, 
GET MEDICAL ATTENTION IMMEDIATELY. 

(4 OF 6) 
INGESTED CADMIUM AND COMPOUNDS: GIVE MILK OR BEATEN EGGS EVERY 4 HOURS TO 
REVIEVE GASTROINTESTINAL IRRITATION. REMOVE UNABSORBED CADMIUM BY 
CATHARSIS WITH FLEET’S PHOSPHO-SODAI 30-60 ML DILUTED 1:4 IN WATER. GET 
MEDICAL ATTENTION IMMEDIATELY. ANTIDOTE: DO NOT GIVE DIMERCAPROL (BAL), 
IF SYMPTOMS PERSIST9 THE ADMINISTRATION OF CALCIUM DISODIlJM EDETATE IS 
RECOMMENDED. GIVE 15-25 MG/KG (0.08-01125 ML OF 20% SOLUTJON PER- 
KILOGRAM OF BODY WEIGHT) IN 250-500 ML OF 5% DEXTROSE INTRAVENOUSLY OVER 
A 1 TO 2 HGUR PERIOD9 TWICE DAILY. THE MAXIMCJM DOSE SHOULD NQT EXCEED 50 
MG/KG/DAYe THE DRUG SHOULD BE GIVEN IN J-DAY COURSES WITH A REST PERIOD 
OF AT LEAST 2 DAYS BETWEEN COURSES. AFTER THE FIRST COURSEI SUBSEQUENT 
COURSES SHOULD NOT EXCEED 50 MG/KG/DAY+ DAILY URINALYSIS SHOULD BE DONE 
DURING THE TREATMENT PERIOD. THE DOSAGE SHUOLD BE REDUCED IF ANY UNIJSUAL 
URINARY FINDINGS APPEAR. FOR INTRAMUSCULAR ADMINISTRATIQNr GIVE 20% 
SOLUTION (200 MG/ML)r 12.5 MG/KG BODY WEIGHT EVERY 4-6 HOIJRS. DILUTE 
EACH BOSE JdITH AN EGUAL VOLUME OF 1% FROCAINE, DOSE LIMITATION IS THE 
SAME AS THAT GIVEN ABOVE. (DREISBACHr HANDBOOK UF FOISONINGI 12TH ED,), 
PROCEDURES MUST BE PERFORMED BY QUALIFIED MEDICAL PERSONNEL. 

(5 OF 6) 
ACUTE RENAL FAILURE - TREAT SHOCK. FOR HEMOLYTIC REACTIONSI GIVE SODIUM 
BICARBONATEr 5 G EVERY l-2 HOURS AS NECESSARY TO MAINTAIN AN ALKALINE 
URINE,GET MEDICAL ATTENTION IMMEDIATELY. (MEDICATION MUST BE GIVEN BY 
QUALIFIED MEDICAL PERSONNEL) (DREISBACHr HANDBOOK OF POISONING, 12TH ED,) 
* 

(6 OF 6) 
LIVER DAMAGE - DISCONTINUE ALL DRUGS AND CHEMICALS. MAINTAIN COMPLETE 
BED REST. AVOID ANESTHESIA OR SURGICAL PROCEDURES. AVOID DEHYDRATION OR 
OVERHYDRATION. IF VOMITING IS SEVERE AND ORAL FLUIDS ARE NOT RETAINED9 
REPLACE ‘JOMITUS WITH AN ERUAL QUANTITY OF 5-10X DEXTROSE IN 0.3-0.5 N 
SALINE, ADMINISTER MAINTENANCE FLUIDS AND ELECTROLYTES AS NECESSARYI 
DEFENDING ON RENAL FUNCTION. RESUME ORAL FEEDINGS AS SOON AS THE PATIENT 
CAN TOLERATE THEM. CONTROL THE AMOUNT OF PROTEIN IN THE DIET IN ORDER TO 
CORRECT THE SERUM PROTEIN LEVEL. GIVE VITAMIN Kp PHYTONADIONEs 2.5 MG 
DAILY. IF ANEMIA IS SEVERE9 CONSIDER A BLOOD TRANSFUSION. PROCEDURE 
MUST BE PERFORMED BY QUALIFIED MEDICAL PERSONNEL. CDREISBACHp HANDBOOK 
OF POISONINGl 12TH ED.). 

DT 
SPECIAL DIAGNOSTIC TESTS AND INDEXES OF EXPOSURE: 
PULMONARY FUNCTION. 
URINE FROTEIN. 

ENTER DOCUMENT SELECTION,,: . .OFF 

#CONNECT TIME 0:03:14 HH:MM:SS 0.054 DEC HRS SESSION 154 
*SIGN OFF 10:33:10 05/20/92708 lJ4B DISCONNECTED 00 40 00:00:03:31 Z 

e 
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,N ACCEkSION NUMBER: 675. 9204. 
:N CHEHICAL NAME: CHROHIUH. 
IY ,:,YNONYMS : CHROflE. CHROflIUtl ELE~IENTI CHROHIUII METAL. J'lEtALLIC 

“‘ROMIUM l 

?N .S NUMBER : 7440-47-3. 

REG. TOXIC NUHBER: 684200000. 

CHEHICAL FORMULA: CR. 
PD 

PHYSICAL DESCRIPTION: 
ODORLESS, STEEL-GRAY, LUSTROUS HETAL OR POWDER. 

MOL WT: 51.996 
BOILI.NG PT: 4842 F (2672 Cl 
SOLUBILITY: INSOLUBLE 
FLASH PT: FLAHHABLE DUST 
VAPOR PRES: 1 MHG R 1616 C 
HELT PT: 3339-3411 F 
UEL IN AIR: NOT AVAILABLE 
LEL IN AIR: 0.230 OZ/FT3 
HEC IN AIR: 752 F (LAYER) 
SPEC GRAVITY: 7.20 8 28 C 
VAFOR DENSITY: 
ODOR THRESHOLD: 
OCTANOL/WATER CO-EFFICIENT:. 

PERHISSABLE EXPOSURE: 
1 KG/H3 OSHA TWA 
1.S HG/H3 ACGIH TWA 

0.5 tlG(CR)/ilJ NXOSH RECOMEJiDED 8 HR TWA 
HUHAN INADEQUATE EVIDENCE FQR CARCINOGENICITY (IARC GROUP-31 
ANItlAL INADEQUATE EVIDENCE FOR CARCINOGENICITY (IARC GROUP-J) 
TUl'lORIGENIC DATA (RTECS) 
AQUATIC TOXICITY RATING 1 (tLH96 100 - 1000 HO/L) 
BLUEGILL - 113 HG/L 
CERCLA HAZARD RATINGS - TOXICITY 3 - IGNITABILITY 3 - REACTIVKTY 0 - 
PERSISTENCE 3 
TOXICOLOGY: CHROMIUn MAY BE IRRITATING TO THE EYES9 SKIN AND MUCOUS 
HEHBRANES IN THE DUST FORH. THERE IS INSUFFICIENT DATA TO QUANTIFY 
THE TOXICITY. POISONING BY CHROMIUH COMPOUNDS HAY AFFECT THE LIVER 
AND KIDNEYS. REPEATED EXPOSURE TO CHROilIUti COMPOUNDS HAS BEEH 
REPORTED TO RESULT IN ULCERATION AND PERFORATION OF THE NASAL SEPtUilr 
GASTROINTESTINAL DISTURBANCES AND BLOOD CHANGES. PROLONGED CONTACT 
WITH THE SKIN HAS BEEN REPORTED TO CAUSE VARIOIJS TYPES OF DERMATITISI 
INCLUDING ECZEMA9 ‘CHROME HOLES’*. AND SENSITLZATION. 
THE THRESHOLD LIMIT VALUE WAS ESTABLISHED TO PREVENT PULKONARY 
DISEASE OR OTHER TOXIC EFFECTS. 
CHROMIUM MAY CROSS THE PLACENTA AND BE EXCRETED IN BREAST HILK. 

OSHA STANDARD 1910.1200 HCIZARD CtlllMUNICATION REQUIRES CHEtfICAL 
MANUFACTURERS AND IHFORTERS TO ASSESS THE HAZARDS OF CHEMICALS WHICH THEY 
PRODUCE OR IMFORT, AND ALL EMPLOYERS TO PROVIDE INFORMATION tQ THEIR 
EMFLOYEES CONCERNING HAZARDOUS CHEMICALS BY blEANS OF A HAZARD 
COMMUNICATION FROGRAM, LABELS AND OTHER FORMS OF WARNING, MATERIAL SAFETY 
DATA SHEETS9 AND INFORMATION AND TRAINING. REQUIRES DISTRIBUTORS TO 
TRAkSMIT REQUIRED INFORMATION TO EMPLOYEES. 

DANGEROUS EXFOSURE: 
NOT RERUIRED 

ODORLESS I STEEL-GRAY9 LUSTROUS. 
TC 
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AHMONIUH NITRATE (FUSED): VIOLENT OR EXPLOSIVE REACTION. BROHIINE 
PENTAFLUORIDE: VIOLENT REACTION AND POSSIBLE IGNITJONI. HYDROGEN 
PEROXIDE: VIOLENT DECOMPOSITION REACTION, LITHIUtl (HOLTEN): VIGOROUS 
REACTION AT ELEVATED TEJIPERATURES. NITROGEN OXIDE: INCANDESCENT 
REACTION, OXIDIZERS (STRONG): FIRE AND EXPLOSION HAZARD. POTASSIUM 
CHLORATE (FUSED): VIGOROUS INCANDESCENT REACTION. SULFUR DIOXIDE: 
INCANDESCENT REACTION. THERMAL DECOllPOSITION PRDDlJCTS HAY INCLUDE TOXIC 
CHROJIIC OXIDE. FINELY DIVIDED MATERIAL HAY IGNITE ON EXPOSURE TO AIR. 

CL 
CLOTHING: 

FOLLOWING INFORMATION FROM NIOSH/OSHA 'OCCUPATIONAL HEALTH 'GIJIDELINES FOR 
CHEMICAL HAZARDS’: 
EMPLOYERS SHALL PROVIDE AND ENSURE THAT EMPLOYEES USE APPROPRIATE 
PROTECTIVE CLOTHING AND EQUIPMENT NECESSARY TO PREVENT REPEATED OR 
PROLONGED SKIN CONTACT WITH THIS SURSTANCE. FACE SHIELDS SHALL COMPLY 
WITH 29CFR1910,133(A)(2)r (A)(4)r (A).(S), AND (A)(6). 

WEAR EYE PROTECTION TO PREVENT: 
FOLLOWING INFORHATION FROM NIOSH/OSHA ‘OCCUPATIONAL HEALTH GUIDELINES FOR 
CHEMICAL HAZARDS’: ._ 

EMPLOYERS SHALL PROVIOE AND ENSURE THAT EMPLOYEES USE DUST-RESISTANT 
SAFETY GOGGLES WHICH COMPLY, WITH 29CFR1910.133(A)(2)-(A)<b) WHERE THIS 
SOLID MAY CONTACT THE EYES. . 

EMPLOYEE SHOULD WASH: 
FOLLOWING INFORH,ATION FROM NIOSW/OSHA ‘OCCUPATIONAL HEALTH GUIDELINES FOR 
CHEMICAL HAZARDS’: 
EMPLOYERS SHALL ENSURE THAT EMPLOYEES WHOSE SKIN BECONES CONTAMINATED 
WITH THIS SUBSTANCE PROMPTLY WASH OR SHOWER TO REMOVE ANY CONTAHINANT 
FROM THE SKIN. 

WORK CLOTHING SHOULD BE CHANGED DAILY: 
NO SPECIFIC REQUIREbJENt, IF INDICATED BY THE. NATURE OF THE CONTAMINANT 
AND THE EXTENT OF EXPOSURE9 CHANGE INTO UNCONTAMINATED CLOTHING BEFORE 
LEAVING THE WORK PREPIISES. 

REMOVE CLOTHING: 
FOLLOWING INFORHATION FROfl NIOSH/OSHA 'OCCUPATIONAL HEALTH GUIDELINES FOR 
CHEJIICAL HAZARDS’: 
EMPLOYERS SHALL ENSURE THAT NON-IHPERVIOUS CLOTHING WtJICH BECOMES 
CONTAMINATED WITH THIS SUBSTANCE DE REHOVED PROtlPTLY AND NOT REWORN UNTIL 
THE SUBSTANCE IS REMOVED FROII THE CLOTHING, 

THE FOLLOWING EQUIPMENT SHOULD BE AVAILABLE: 
NO SPECIFIC REQUIREMENT. IF INDICATED BY THE NATURE OF THE SUBSTANCE AND 
THE PROBABILITY OF EXPOSLJREI PROVIDE AN EYE WASH AND FACILITIES FOR QUICK 
DRENCHING OF THE BODY WITHIN THE ItfHEDIATE WORK AREA FOR EMERGENCY USE, 

RF 
RESPIRATOR SELECTION (UPPER LIHIT DEVICES PERMITTED): 
2.3 MG(CR)/M3 

- DUST AND HIST RESPIRATOR EXCEPT SINGLE-USE RESPIRATORS 

5 MG(CR)/M3 
- DUST AND IIIST RESPIRATOR EXCEPT SINGLE-USE RESPIRATORS AND 

QUARTERHASK RESPIRATORS 
- SUPPLIED-AIR RESFIRATOR 
- SELF-CONTAINED BREATHING APPARATUS 

12.5 MG(CR)/M3 . . we FCIWERED AIR-PURIFYING RESPIRATOR WITH A D[JST AND MIST IFILTER 
- SUPPLIED-AIR RESPIRATOR OPERATED IN CONTINUOUS FLOW tlODE 

25 tidtCR>/t’t3 
- AIR-PURIFYING FULL FACEPIECE RESPIRATOR WITH A HIGH-EFFICIENCY 

m.Aw.-v-,.. .cr pw'l -*cc 



- POWERED AIR-PURIFYING RESPIRATOR WITH A HIGH-EFFICIENcr 
PARTICULATE FILTER 

- SELF-CONTAINED DREATHING APPARATUS WITH A FULL FACE-PIECE 
- SUPPLIED-AIR RESPIRATOR 
WITH A FULL FACE-PIECE 

0 HG(CR)/M3 
- SUPPLIED-AIR RESPIRATOR WITH FULL FACEPIECE OPERATED IN 

PRESSURE-DEHAND OR OTHER POSITIVE PRESSURE ilODE 

ESCAPE 
- AIR-PURIFYING FULL FACEPIECE RESPIRATOR WITH A HIGH-EFFICIENCY 

PARTICULATE FILTER 
- APPROPRIATE ESCAPE-TYPE SELF-CONTAINED BREATHING APPARATUS 

. 
FIREFIGHTING 

. . 

- SELF-CONTAINED BREATHING APPARATUS WITH A FULL FACE-PIECE 
OPERATED IN PRESSURE-DEMAND OR POSITIVE-PRESSURE KODE 

- SUPPLIED-AIR RESPIRATOR WITH A FULL FACEPIECE OPERATED IN 
PRESSURE-DEMAND OR OTHER POSITIVE PRESSURE MODE WITH AOXILIARY 
SELF-CONTAINED BREATHING APPARATUS OPERATED IN POSITIVE PRESSURE MODE, 

HS 
flEDICAL SURVEILLANCE: 
29CFR1910.20 OSHA STANDARD SUBPART C - GENERAL SAFETY AND HEALTH 
PROVISIONS PROVIDES FOR EtiPLOYEEt DESIGNATED REPRESENTATIVEI AND OSHA 
ACCESS TO EHPLOYER-MAINTAINED EXPOSURE AND HEDICAL RECORDS RELEVANT TO 
EMPLOYEES EXPOSED TO TOXIC SUBSTANCES AND HARflFUL PHYSICAL AGENTS. 
53FR38140 ?/29/88 (AttENDED). 
40CFR717 RECORDS AND REPORTS OF ALLEGATIONS THAT CHEflICAL SUDS’TANCES 
CAJJSE SIGNIFICANT ADVERSE REACTIONS TO HEALTH OR THE ENUIRONtlENT TOXIC 
SURSTANCES CONTROL ACT (TSCA) SECTION 8(C) RULE REQUIRES HANUFACTURERS 

“1ND CERTAIN PROCESSORS OF CHEHICAL SUBSTANCES AND MIXTURES TO KEEP 
ECORDS OF SIGNIFICANT ADUERSE REACTIONS TO EHPLOYEE HEALTH FOR 30 

YEARS. 
FOLLOWING INFORHATION FROII NXOSH/OSHA mOCCUPATIONAL HEALTH GUIDELINES FOR 
CHEilICAL HAZARDS’. 
GENERAL JIEDICAL HISTORY. 
PHYSICIAN PRE-PLACEMENT AND ANNUAL EXAM. 
RESPIRATORY HISTORY, 
14 EY 17 CHEST P.A. X-RAY, 
FORCED VITAL CAPACITY. 
FORCED EXPIRATORY UOLUHE t 1 SECOND), 

RE 
ROUTE OF ENTRY: 
INHALATION. INGESTION. SKIN OR EYE CONTACT. 

TO 
TARGET ORGANS: 
SKIN. RESPIRATORY SYSTEH. GASTROINTESTINAL, KIDNEYS. LIVER. 

SF 
SYMPTOHS: 
SKINr COVERING OF EODY (SCO174)i 
IRRITATION, EXTREtlE REACTION TO A CONDITION (SCOO90). 
EYE, ORGAN OF SIGHT (SCOl7O)i 
IRRITATION, EXTREIIE REACTION TO A CONDITION (SCOO90). 
MUCOUS HEMERANEF MEMBRANE LINING PASSAGES/CAVITIES (SCOlO9)i 
IRRITATIONv EXTREME REACTION TO A CONDITION (SCOO90). 
NASALv PERTAINING TO THE NQSE (SCOllS)i 
SEPTUHr WALL DIVIDING 2 CAUITJES OF NOSE (SCO202). 
PERFPRATION 9 OPENING IN HOLLOW ORGAN OR UISCUS (SCO127). 
GASTROINTEST1NAL.t PERTAINING TO STOtlACH 8 INTESTINE (SC0070). 
IRRITATIONr FXTREHE REACTION TO A CONDITION (SCOO90). BLOOD CHANGES9 
CHANGES ‘tN BLOOD CELLS QR ilORPHOLOGY (SCO227). 
PUL.HONARY I PERTAINING TO THE RESPIRATORY TRACT (SCOJOo)O 
SENSITIZATIONI ALLERGIC REACTION (SCOl48). DERHATITISr INFLAHMATION OF 
CVTU f cPfiAAA1 _ Ff??EMA, CHRONIC DERHATXTXS (SCOO53). 



StNSlTlZA’TIONr ALLERtiXC REACTLON (SCO148). CGNJUNC11VI 115, If~~LAflP\HI AUfv 
OF EYES (SCOO31). LACRItiATIONt DISCHARGE OF TEARS (SCOO96). DIZZINESS 
FEELING FAINT, LIGHT-HEADED3 UNSTEADY(SCOO.48). 
EXCESSIVEv’SUPERFLUOUS (SCO737)i 
THIRSTr DESIRE FOR WATER (SCO210). 
ABDOMINALt SECTION EETWEEN THORAX AND PELVIS (SCO750); 
PAINl SUFFERINGv EITHER PHYSICAL OR KENTAL (SCOl82). VOMITING9 
PERTAINING TO NAUSEA (SCOl66). SHOCK, SlJDDEN PHYSICAL OR ilENTAL 
DISTURBANCE(SC0228). OLIGURIA, DECREASED URINATION (SCO323). ANURIAv 
COHPLETE LACK OF URINATION (SCO304). UREtlIAl NITROGEN IN BLOOD FROH 
RENAL FAILURE (SCO310). 
KIDNEY, POST-PERITONEUil ORGAN FOR URINE WASTE(SC0094)i 
EFFECTS, SIGNS AND SYHPTOHS (SCOS79). 
LIUERl BILE-SECRETING GLANDULAR ORGAN (SCO62O)i 
EFFECTS* SIGNS AND SYMPTGMS (SCO579). 

FA 
FIRST AID, 

(1 OF 5) 
IF THIS CHEflICAL GETS 'INTO THE EYES9 WASH THE EYES IililEDIATELY WITH L.ARGE 
AMOUNTS OF WATER OR NORIIAL SALINE9 OCCASIONALLY LIFTING UPPER AND LOWER 
LIDSI UNTIL NO EVIDENCE OF CHEMICAL REHAINS (APPROXIHATELY 15-20 
MINUTES). GET IIEDICAL ATTENTION IMEDIATELY. 

(2 QF 5) 
IF THIS CHEMICAL GETS ON THE SKINv REKOUE.CONTAflINATED CLOTHING AND SHOES 
IJWEDIATELY. UASH AFFECTED AREA WITH SOAP OR HILn DETERGENT AND LARGE 
AflOUNTS OF WATER UNTIL NO EVIDENCE OF CHEMICAL REMAINS (APPROXIHATELY 
15-20 HINUTES), GET HEDICAL ATTENTION IWIEDIATELY. 

(3 OF 5) 
IF THIS CHEMICAL HAS BEEN INHALED* REHOUE FROtl EXPOSURE AREA TO FRESH AIR 
IJIHEDIATELY, IF BREATHING HAS STOPPED, PERFORII ARTIFICIAL RESPIRATION. 
KEEP PERSON WARJI AND AT REST. TREAT SYMPTOMATICALLY AND SUPPORTIVELY. 
GET tlEDICAL ATTENTION IIIHEDIATELY. 

(4 OF 3) 
IF THIS CHEMICAL IS INGESTEDv TREAT SYHPTOHATICALLY AND SUPPORTIVELY. 
GET JIEDICAL ATTENTION IIIHEDIATELY. IF UOIIITING QCCURS, KEEP HEAD LOWER 
THAN HIPS TO PREVENT ASPIRATION. 

(S OF 9) 
CHROHIU'II INGESTION: USE OF DIHERCAPTOL HAS BEEN SUGGESTED 'ON THE BASIS OF 
FINDINGS IN ANIilALS, GIVE 3 HG/KG (OR 0.3 HL/lO KG) EVERY 4 HOURSv 
INTRAHUSCULARLY FOR THE FIRST 2 DAYS AND THE 2 MO/KG EVERY 12 HOURS FOR 
A TOTAL OF 10 DAYS (DREISBACHr HANDBOOK OF POISONING, 12TH ED.). 
ANTIDOTE SHOULD DE ADMINISTERED BY QUALIFIED tiEDICAL PERSONNEL. GET 
HEDICAL ATTENTION IMMEDIATELY, 

DT 
SPECIAL DIAGNOSTIC TESTS AND INDEXES OF EXPOSURE: 
URINE CHROMIUM LEVEL. 
BLOOD CHEMISTRY, 
LIVER PROFILE ELOOD TESTS. 

(1 OF 42) 
*t*****t**t*************** 
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1 
AN ACCESSION NUMBER: 720, 9.312 l 

CN CHEMICAL NAME: CHROtiIUM&) OXIDE. 
SYNnNYMS: ANAUQMIS GREITN. CASALXS GREEN OXIDE F’IGMENT, CHROME OX I DE 
x1134* CHROMIA B CHROMIC ACID GREEN, CHROMIUM SESt2IIJOXIDE. GREEN 
ROUGE + CHROMIUMtIII) OXIDE (2:3). CHROMIUM(3t) TRIOXTDE. C.1. 77288, 
DICHROMIIIM TRIClXIIlE+ CHROME OXIDE, CHROMIC 0X111/Z. CHROMIUM OXIPE, 
CHROtiIUM!3+) OXIDE, CeI. PJGMENT GREEN 17. C+I. N0*77278* PURE 
CHROMIUM 0XIDE + CHF:i-lMIIJM QXI~IE PIGMENT, CHROMIUM OXIDE GREEN, 

RN CAS NUMBER: 1308-38-9. 

REG. TOXIC NUMPER: GEb475000, 

CHEMICAL FORMULA: CR203, 
F' D 

F'HYSICAL DESCRIPTION: 
ODORLESS 9 LIGHT TO [IARK GREEN HEXAGONtjL CRYSTALS, 

MOL WT: 
EOILING F’T: 
SOLUEILITY: 
FL.ASH F’T: 
VAPOR PRES: 
MELT F’T: 
UEL IN AIR: 
LEL. IN AIR: 
MEC IN AIR: 
SPEC GRAVITY: 
VAF’tlR DENSITY: 
OISOF; THRESHOLD: 

151.99 
7232 F (4000 C) 
INSOLUBLE 
NONCOMEUSTJELE SOLID 
NOT AVAILABLE 
4415 F (2435 C) 

5,2i 

OCTANOL/WATEK CO-EFFICIENT:. 
EL 

PERMISSABLE EXF’OSURE: 
0 ,5 MG(CRj/MIJ OSHA TWA 
0 .5 MGcCR)/M3 ACGIH TWA 
0.5 MG(CR’)/M3 NIOSH RECOMMENDED 8 HR TWA 
HUhAN INADERUATE EVIDENCE FOR CARCINOGENICITY (IARC TRIVALENT CR) 
ANIMAL INADERUATE EVIKlENCE FOR CARCINOGENICJTY (IARC TRIVALENT CR) 
TUMORIGENIC DATA (RTECS)i MIJTAGENIC DATA (RTECS) 
CERCLA HAZARD RATINGS - TOXICITY U - IGNITABILITY 0 - REACTIVITY 0 - 
PERSISTENCE 3 
TOXICOLOGY: CHROMIUMIIII~ OXIDE MAY BE IRRITATING TO THE SKIN9 EYES 
AND MUCOUS MEMBRANES. THE TOXICITY OF CHRilMIUM(XXI) OXIDE HAS NOT BEEN 
RUANTIFIED. TNSOLUBLF. CHROMIUM COMF’OIINDS MAY BE RESPIRATORY IRRITANTS 
AND MAY CAUSE CHF:ONIr: RESPIRATORY IIISEASE, DYSTROF’HIC CHANGES IN THE 
LIUER AND KIDNEYS MAY ALSO RESULT FROM EXF‘SISURE, 
THE THRESHOLIl LIMIT WGL.lJE WAS ESTABLISHED TO PREVENT PULMONARY 
DISEASE OR OTHER TOXIC EFFECTS, 

29CFRl910, i200 OSHA HAZARD CCIMMLINICATION STANDARD REQUIRES CtIEM1CA.L 
MANUFACTUKEHS AND IMF’CIRTERS TO ASSESS THE HAZARDS OF CHEMICALS WHICH THEY 
F’RODUCE OR IMPORT I ANIl f\LL EMF’LOYERS TO PROVIKlE TNFORMATION TCI THEIR 
EMPLOYEES CONCERNING HAZARDOUS CHEM1CAl.S EY MEANS OF A HAZARKl 
COMMUNICATION F’KOGF:AMy LABELS ANIl OTHER FDRMS OF WARNING? MATE:RXAL SAFETY 
DATA SHEETS I ANI’ INFORMATION AND TRAINING. REflUIRES IIISTRIPUTOKS TO 
‘TFiANSMIT F:EQUI:F:ED INFORtiATIUN TO EMPLOYEES. 

. . 

IlANGEHOUS EXF’OSURE: 
N 0 T I3 E t.4 IL.1 l’ F: E fi 

ODORLESS 7 LIGHT TO DARK GREEN t 
I r , 

‘1 I‘4 c u M F’ A : 1 1:: I L 1: r 1: I? c; : 
._ .., ._ - - - r - ,- ,. . . ,., 



. ._, .- _ . - - 
P3SSIEck.E EXF’l.C)SITlN K’EACTION, I. I: T H i :l M : VTOLENT EXGTHERMIC REACTION AT 190 
. . . L, NITKOALKANES: F’OSSIELE EXF’L.OSION REACTICIN, OXYGEN DIFLUDRIDE: 
VIGOROUS REACTION, R IJ EC TD D I U i? A C E T Y L I rl E : EXOTHERMIC EEACTIQN, THERMAL 
DECRMPOSITIDN MAY RELEASE TOXIC ANI’I/ClR HAZARDOUS GASES. 

CL 
CLOTHING: 

FOl.LOWING INFOKHATION FROM NIOSH/OSHA ‘OCCUF’ATIONAL HEALTH GUIDELINES F 
CHE:MI CAL HAZARDS ’ : 
EMF’LOYEkS SHALL F’RO’J:II:IE AND ENSURE THAT EMPLOYEES USE AF’F’ROPRIATE 
PRQTECTIVE CLOTHING AND EQUIPMENT NECESSARY TO PREVENT REPEATErr OR 
F’ROI-ONGEL’ SKIN CONTACT WITH THIS SUBSTANCE. FACE SHIELDS SHALL COMF’LY 
WITH 29CFRi910+133(A)E2)~ (A)(4)v (A)(S)9 ANIl (A)(6)+ 
EMPLOYERS SHALL ENSUK’F: THAT CLOTHING CONTAMINATED WITH THIS SUBSTANCE IS 
PLACED IN CLOSE11 CONTAINERS FOR STClRAGE UNTIL IT CAN BE 111SCClRIrl7.11 OR 
UNTIL THE EMPLOYER hwvmx FOR THE REMOVAL OF THE CONTAMINANT FROM THE 
CLOTHING + IF THE CLOTHING IS TO BE LALJNDEREII Or; ClTttERWTSE CLEANED TO 
REMOVE THE CONTAMINANT? THE EMPLOYER SHALL INFORM THE PERSON PERFORMING 
THE CLEANING OF THE HAZARDGUS PROF’ERTXES OF THE SUESTANCE, 

WEAR EYE PROTECTION TO F’REVENT: 
FOLLOWING INFORMATION FRC-IM NIOSH/OSHA ‘ClCCUPATION!AL HEALTH GUIIIELINES FOR 
CHEMICAL HAZARDS’ : 
EMF’LOYERS SHALL F’RO’JIDE ANIl ENSURE THAT EMPLOYEES; USE DUST-RESISTANT 
SAFETY GOGGLES WHICH COMF’LY WITH 29CFR1910,133(A>(2)-(A)(b) WHERE THIS 
SoLIt MAY CONTACT THE EYES, 

EMF’LOYEE SHOULII WASH: 
FOLLOWING INFORMATION FROM NIOSH/OSHA ‘0CCUPATION:AL HEALTH GIJIDELXNES FOF: 
CHEMICAL HAZARDS : 
EMFLOYERS SHALL ENSURE THAT EMFLOYEES WHI’ISE SKIN BECOMES CONTAMINATED 
WITH THIS SURSTANCE FROMF’TLY WASH OR SHQWER TO REMOVE ANY CONTAMINANT 
FROM THE SKIN, 
EMF’LOYEKS SHALL ENSURE THAT EMF’LOYEES WHO HANDLE THIS SUBSTANCE WASH 
THEIR HANDS THOROIJGHLY REFORE EATINGy SMOKINGr OR IJSXNG TOILET 
FACILITIES, 

WORK CLOTHING SHOULD BE CHANGED DAILY: 
NO SPECIFIC RERUIREMENT. IF INDICATED BY THE NATURE OF THE CONTAMINANT 
AND THE EXTENT OF EXFOSURE? CHANGE INTO UNCONTAMINATED CLQTHING BEFORE 
LEAVING THE WORK PREMISES, 

REMOVE CLOTHING: 
FOLLOWING INFORMATION FROM NIOSH/OSHA ‘OCCUPATIONAL. HEALTH GUIDELINES FOR 
CHEMICAL HAZARDS : 
EMF’LOYEKS SHALL ENSURE THAT NON-IMPERVJOUS CI..OTHING WHICH BECOMES 
CONTAMINATED WITH THIS SlJkSTANCE RE REMOVED PROMPTLY AN11 NOT REWOF:N UNTIL 
THE SUBSTANCE IS REMo’JEI[l FROM THE CLOTHING, 

THE FOLLOWING ERUIF’MENT SHOULD BE AVAILABLE: 
NO SF’ECIFIC KEQUIREME:NT. IF INTIICATED RY THE NATURE OF THE SUBSTANCE AND 
THE PROBABILITY OF EXF’OSUREr F’ROVIDE AN EYE WASH AND FACII..ITIES FOR QIJICK 
DRENCHING OF THE BODY WITHIN THE IMMEIIXATE WORK AREA FOR EMERGENCY USE, 
EYE-WASH FOUNTAIN WITHIN IMMEDIATE WORK AREA WHERE EMPLOYEE’S EYES MAY HE 
EXPOSEIt TO SUBSTANCE 
EMPLOYERS SHALL ENSURE THAT EMPLOYEES rm NOT EAT OR SMOKE TN AREAS WHERE 
THIS SIIE~STANC~ IS HANDLED~ F’ROCESSED OR STOREIl. 

li’ f:’ 

~~ESPIRATOFF: SELECTION (UF’F’ER LIMIT IIEVICES F’ERMITTED) t 
2.5 .MGCCR)/MJ 

- IlUST AND ‘MIST RESPIRATOR 

5 M (3 ( C IF.‘) .,’ M 3 
-- I’lUST AND MIST RESPIRATOR EXCEF’T SI NGLE-USIF RESF, J RATORS ANfl 

0 Ll A I? ‘T E I;;’ M A S k I? E ‘; F’ I H 2, l- 0 I7 S 



12.5 MG(CR)/‘MJ 
- POWERED AIR-PUKIFYING F:ESFIRATOR WITH A OUST AND MIST FILTEF; 
- SUF'F'LIEII-AIR IXSF'IRATOK OF’EKATEL’I IN CCINTINIJOUS FLOW MODE 

/I 25 MG(CR)/M3 
- AIR-PURIFYING FIJLL FACEF’IECE RESPIRATOR WITH A HIGH-EFFICIENCY 

PARTICULATE FILTER 
.- F;C!WERED AIR-PURIFYING RESFIRATQF: WITH A TIGHT-FITTING FACEF’IECE 

AND HIGH-EFFICIENCY PARTICULATE FILTER 
- SELF-CONTAINED BREATHING AF’F’ARATUS WITH A F1JL.L FACE-PIECE , 
- SUPPLIED-AIR RESPIRATOR WITH A FlJLL FACE-PIECEI HELMET9 OR HOOD 

500 MG(Cl?T./M3 
- SLIPPLIEII-AIR RIESPIRATOR WITH Flit-t FACEFIECE OPERATED IN 

PRE.SSURE-DEMAND OR OTHER FIISLTIVE F’RESSURE MOIlE 

ESCAF’E 
- AIE-PURIFYING FlJLL FACEPIECE FESPIRATOH WITH A HIGH-EFFICIENCY 

FARTICIJLATE FILTER 
- AF’F’ROF’RIATE ESCAF’E-TYF’E SELF-CONTAINED BREATHING AF’F’ARATUS 

FIREFIGHTING 
- SELF-CONTAINED BREATHING AF’F’AKATUS WITH A F1JIe.L FACE-PIECE 

OPERATED IN F’RESSURE- DEMAND OK POSITIVE-PKESSUEE MODE 
- SUF’F’LIEII-AIR RESPIRATOR WITH A FULL FACEF’IECE OF’ERATEtl IN 

F’RESSURE-ItEMAND OR OTHER POSITIVE F’RESSURE MODE WITH AIJXILIARY 
SELF-CONTAINED BREATHING AF’F’ARATIIS OF’ERATED IN F'OSITIVE F’HESSURE MODE, 

MS 
MELIICAL SURVEILLANCE: 
29CFR1910.20 OSHA STANDARfl SIJEF’ART C - GENERAL SAFETY AND HEALTH 
PROVISIONS FROVIKIES FOf? EMF’LOYEEP DESIGNATED KEPRESENTATIVE~ AND OSHA 
ACCESS TO EMPLOYER-MAINTAINED EXF’OSURE ANIl MEDICAL RECORDS RELEVANT .TO 
EMFLOYEES EXFOSED TO TOXIC SlJESTANCES ANIl HARMFlJL FHYSICAL AGENTS. 
53FR38140 9/29/88 t AMENIlER) . 
40CFK717 RECORDS ANII REFORTS OF ALLEGATIONS THAT CHEMICAL. SlJESTANCES 
CAUSE SIGNIFICANT AIlVERSE REACTIONS TO HEALTH OF: THE ENVIRONMENT TOXIC 
SUBSTANCES CONTROL. ACT (TSCA) SECTION 8 (C 1 RtJLE RfZQUIRES MANUFACTURERS 
ANT11 CERTAIN FROCESSOES OF CHEMICAL SIJESTANCES AND MTXTLJRES TO tiEEF 
RECORIlS OF SIGNIFICANT ADVERSE REACTIONS TO EMFLOYEE HEALTH FOR 30 
YEARS, 
FOLLOWING INFORMATION I-ROM NIOSH/DSHA ‘OCCUPATIONAL HEALTH GUIDl2L.INES FOR 
CHEMICAL HAZARDS’ + 
GENERAL MEDICAL HISTORY e 
F’HYSICIAN FRE-PLACEMENT AND ANNUAL EXAMS. 
14 BY 17 CHEST F’eA. X-RAY. 
FCJRCEIf VITAL CAF’ACITY. 
FORCED EXF’IRATOF?Y VOLUME ( 1 SECOND) . 
29CFR1910.20 OSHA STANDARD SUBF’ART C - GENERAL SAFETY AND HEALTH 
PROVISIONS F’ROUIUES FOR EMF’LOYEEy DES1GNATET.l REPRESENTATIVE5 AND OSHA 
ACCESS TO EMF’LOYER-MAINTAINED EXPOSURE ANIl MEI~ICAL RECQRDS RELEVANT TO 
EMF’LOYE.ES EXF’0SET.l TII TIDXIC SUBSTANCES AND HARMFUL PHYSICAL AGENTS, 
53FR38140 9/29/88 (AMENDED). 

Ii E 
ROUTE OF ENTRY: 
INHALATION. INGESTION, SKIN Of? EYE CONTACT, 

T.0 
TARGET ORGANS: 
LUNGS, RESPIRATORY SYSTEM, I. XVER 6’ SKIN. KIDNEYS. 

s p 
SYtiF'TOflS: 
SKIN? COVERING OF EcOClY ISCOl74) i 
IRRITATIONS EXTREME REACTTCN TO A CONDTTION tSCOO!iO! t 
ii? Y E 1 O!?i;AN OF SIGHT !S30170) ; 
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IRRITATIONr EXTREME REACTInN T@ A CCtNDITTQN (SCOOYO’I, 
ERONCHIALp PERTAINING TO THE BRONCHI tSCO34t.t) ; 
IERITATIONI EXTREME REACTION T13 A CONIlITInN (SCOO90). 
LUNGr RESPIRATORY ORGAN (SCO377)i 
IRRITATIONr EXTREME REACTION TO A CONIlITION (SCOO9OS. DERMATITIS9 
INFLAMMATION OF SKIN (SCOO44). 
SKIN9 COWERING OF HOmY (SCO174)i 
SENSITIZATIONI ALLERGIC REACTION (SCOl48)+ 
PULMONARY9 PERTAINING TO THE RESPIRATDRY TRACT (SCOJOO); 
SENSITIZATION9 ALLERGIC REACTION (SCOl48). 
F’ULMONAF:Y 9 PERTAINING TO THE RESPIRATORY TRACT (SCOSOO); 
ADENOMA 9 NEOF’LASM OF GLANDULAR EPITHELIUM (SCO36;B). 
LIVER? BILE-SECRETING GLANDULAR ORGAN (SCO.520); 
EFFEC’TS I SIGNS AND SYMF’TGMS (SCO579). 
KIIlNEY 9 F’OST-F’ERITONEiUM ORGAN FOR URINE WASTE(SCO094); 
EFFECTS 9 SIGNS ANrl SYMF’TOMS (SCO579). 
MAMMARY 9 PERTAINING Tl[l THE BREAST (SCO352); 
AOENOMA I NEOPLASM OF IGLANIIULAR EPITHELIUM ‘,SCO36;B) t 
MAMMARY 9 PERTAINING TO THE HREAST (SGO352); 
CARCINOMA 9 MALIGNANT iCANCEROUS GROWTH (SCO3ci5), 
LUNG9 RESPTRATORY ORGAN (SCO377); 
CANCER? MALIGNANT TUMlDR OR NEOF’LASM (SCOO20). 

I- A 
FIRST AID l 

(1 OF 5) 
IF THIS CHEMICAL GETS INTO THE EYES9 WASH THE EYES 1MMEDSATEL.Y WITH LARGE 
AMOUNTS OF WATER OR NORMAL SALINE9 OCCASIONALLY I.IFTING IJPF’ER ANIl LOWER 
LIDS9 UNTIL NO EVIDENCE OF CHEMICAL REMAJNS (AF’F’RnXIMATELY l5-20 
MINUTES) e GET MEDICAL ATTENTION IMMEDIATELY+ 

(2 OF 5) 
IF THIS CHEMICAL GETS ON THE SKIN9 REMO’JF: CONTAMINATED CLOTHING A-ND SHOL 
IMMEDIATELY + WASH AFI’ECTED AREA WITH SOAF’ t-JR MILD DETERGENT AND LARGE 
AMOUNTS OF WATER UNTIL NO EVIDENCE OF CHEMICAL REMAINS (AF’F’ROXIMATELY 
15-20 MINUTES). GET MEIlICAL ATTENTION IMMEDIATELY, 

13 OF 5) 
IF THIS CHEMICAL HAS BEEN INHALED9 REMOVE FROM EXPOSURE AREA TO FRESH AIR 
IMMEDIATELY, IF BREATHING HAS STOF’F’EDr F’ERFORM ARTIFICIAL RESPIRATION. 
KEEF’ PERSON WARM AND AT REST, TREAT SYMPTOMATICALLY AND SUPPORTIVELY, 
GET MEDICAL ATTENTION IMMEDIATELY. 

(4 OF 5) 
IF THIS CHEMICAL IS INGESTEO9 TREAT SYMPTOMATICALLY AND SIJF’F’ORTIUEI-Y + 
GET MEDICAL ATTENTION IMMEDIATELY, IF VOMITING IlCCUESr KEEP HFAII LOWER 
THAN HIPS TO F’RE’JENT ASPIRATION, 

(5 OF 5) 
CHROMIUM INGESTION: USE OF DIMERCAPTOL. HAS BEEN SUGGESTED ON THE BASIS OF 
FINIlINGS IN ANIMALS, GIVE 3 MG/KG (OR 0.3 ML/10 KG) EVERY 4 HOURS9 
INTRAMUSCULARLY FOR THE FIRST 2 DAYS AND THE 2 MCi/KG EVERY 12 HOURS FOR 
A TOTAL OF 10 DAYS (DREISEACHr HANDBOOK OF POISQMINGv 12TH ED.). 
ANTIDOTE SHOULIl BE ADMINISTERED BY lltJALIF.IEIl MEDI’CAL PERSONNEL, GET 
MEDICAL ATTENTION IMMEDIATELY e 

D 1 
SPECIAL ~IIAGNOSTIC TESTS AND INDEXES CIF EXF’QSURE: 
URINE CHROMIUM LEVEL., 

F:S . . 
REGULATORY STATUS. 

*ttbb**ffbYltfxt*t*t****~~*~*****~*******~:~~~70~ 154Ec DISCONNECTED 00 40 OO:Oc/:O . 



1 Moteti SaJe@ Data Sheets Collection: 

:P 
G~raanium Publishing Corporation 

1145 cdyn stmt Sheet No. 470 
‘i Schencct8dy,NY 12303-1836 USA Dicsd Fuel Oil No. 2-D 

tSl8) 377-8854 

,969 OSHA YEL l9%91 ACGIH TLV 1w) MOM REL ms46TQEkityD8~ 
Jooe afablisha! htimmloilMist NQnem 

WA: 5 o@Pt 
SIEL 10 mghll’ 



No. 470 Diesel Fuel Oil No. 2-D 1 l/90 

Section 6. Health Hazard Data 

#yas: Gently lift the eyelids and flush imfrwdirtcly and cnr4tiauwsly with iloodiag 8amuats of wrta until or;pDlpMad to I;O w malical 
facility. C.m.wlt a phykian immcdirutly. 
ggpy. remove contmimtcd clothin . Rinse 

or miurioa rrasisu ltet medhi & 
with floodlag aots’bf w8ter ftw rt kui IS mio. If 1-c IuI d tlw bndy have ka 

lo immcdiatelv. Wash a&c@ arca with loa and vrtr. 

DOT Sbfpplnp Name: Fuel oil 
DOT Hazard ckrp: Combusliblc liquid 
ID No.: NM993 
DOT Iabel: None 
DOT ParkagIng Exccptlons: I73.1180 
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1 
ACCESSION NUMBER: 2339. 9208. 
CHEMICAL NAME: 0-DINITROBENZENE. 
SYNONYMS: 1,2-DINITROBENZENE. ORTHO-DINITROBENZENE. UN 1597. 
BENZENE, 0-DINITRO-. 
CAS NUMBER: 528-29-O. 

REG. TOXIC NUMBER: c27450000. 

CHEMICAL FORMULA: C6H4N204. 
L 

PHYSICAL DESCRIPTION: 
PALE YELLOW LIQUID. 

MOL WT: 168 
BOILING PT: 606 F AT 775 MM 
SOLUBILITY: 0.015 G 
FLASH PT: EXPLODES 
VAPOR PRES: <1 MM 
MELT PT: 245 F 
UEL IN AIR: N/A 
LEL IN AIR: N/A 
MEC IN AIR: 
SPEC GRAVITY: 
VAPOR DENSITY: 
ODOR THRESHOLD: 

1.565 AT 63 F 
5.8 

OCTANOL/WATER CO-EFFICIENT: 1.58. 

PERMISSABLE EXPOSURE: 
1 MG/M3 OSHA TWA (SKIN NOTATION) 
1 MG/M3 ACGIH TWA (SKIN) 
1 MG/M3 NIOSH RECOMMENDED 10 HR TWA 
CERCLA HAZARD RATINGS - TOXICITY 3 - IGNITABILITY 0 - REACTIVITY 3 - 
PERSISTENCE 2 
TOXICOLOGY: 0-DINITROBENZENE IS A METHEMOGLOBIN FORMER. 
SEE DINITROBENZENE. 

29CFR1910.1200 OSHA HAZARD COMMUNICATION STANDARD REQUIRES CHEMICAL 
MANUFACTURERS AND IMPORTERS TO ASSESS THE HAZARDS OF CHEMICALS WHICH THEY 
PRODUCE OR IMPORT, AND ALL EMPLOYERS TO PROVIDE INFORMATION TO THEIR 
EMPLOYEES CONCERNING HAZARDOUS CHEMICALS BY MEANS OF A HAZARD 
COMMUNICATION PROGRAM,. LABELS AND OTHER FORMS OF WARNING, MATERIAL SAFETY 
DATA SHEETS, AND INFORMATION AND TRAINING. REQUIRES DISTRIBUTORS TO 
TRANSMIT REQUIRED INFCRMATION TO EMPLOYEES. 

DANGEROUS EXPOSURE: 
200 MG/M3 OSHA/NIOSH 

PALE YELLOW LIQUID. 

INCOMPATIBILITIES: 
STRCNG OXIDIZERS. CAUSTICS. ACTIVE METALS. 

CLOTHING: 
FOLLOWING INFORMATION FROM NIOSH/OSHA "OCCUPATIONAL HEALTH GUIDELINES FOR 
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CHEMICAL HAZARDS": 

2 

EMPLOYERS SHALL PROVIDE AND ENSURE THAT EMPLOYEES USE APPROPRIATE 
PROTECTIVE CLOTHING AND EQUIPMENT NECESSARY TO PREVENT SKIN CONTACT WITH' 
THIS SUBSTANCE WHERE SKIN CONTACT MAY OCCUR. FACE SHIELDS SHALL COMPLY 
WITH 29CFR1910.133(A)(2), (A)(4), (A)(5), AND (A)(6). 
EMPLOYERS SHALL ENSURE THAT CLOTHING CONTAMINATED WITH THIS SUBSTANCE IS 
PLACED IN CLOSED CONTAINERS FOR STORAGE UNTIL IT CAN BE DISCARDED'OR 
UNTIL THE EMPLOYER PROVIDES FOR THE REMOVAL OF THE CONTAMINANT FROM THE 
CLOTHING. IF THE CLOTHING IS TO BE LAUNDERED OR OTHERWISE CLEANED TO 
REMOVE THE CONTAMINANT, THE EMPLOYER SHALL INFORM THE PERSON PERFORMING 
THE CLEANING OF THE HAZARDOUS PROPERTIES OF THE SUBSTANCE. 
-ACGIH "GUIDELINES FOR THE SELECTION OF CHEMICAL PROTECTIVE CLOTHING' 
INDICATED THE FOLLOWING PROTECTIVE RATINGS FOR MATERIALS COMMONLY USED 
FOR PROTECTIVE CLOTHING. THESE RATINGS ARE BASED PRIMARILY ON 
QUANTITATIVE TEST RESULTS AND QUALITATIVE RESISTANCE INFORMATION. (THE 
RECOMMENDATIONS APPLY TO THE PURE SUBSTANCE ONLY; BREAKTHROUGH-TIME MAY 
VARY FOR MIXTURES.) (A "+" DESIGNATES A BLEND OF MATERIALS, WHILE A "/" 
DESIGNATES A COATED OR LAMINATED MATERIAL.) - 
UNSUBSTITUTED NITRO COMPOUNDS: EXCELLENT/GOOD: POLYVINYL ALCOHOL 
FAIR/POOR: NATURAL RUBBER NITRILE RUBBER FAIR/GOCD: CHLORINATED 
POLYETHYLENE POLYURETHANE POLYVINYL CHLORIDE VITON A WIDE VARIATION IN 
RATINGS IS INDICATED FOR THE FOLLOWING MATERIALS: BUTYL RUBBER NEOPRENE. 

WEAR EYE PROTECTION TO PREVENT: 
FOLLOWING INFORMATION FROM NIOSH/OSHA "OCCUPATIONAL HEALTH GUIDELINES FOR 
CHEMICAL HAZARDS": 
EMPLOYERS SHALL PROVIDE AND ENSURE THAT EMPLOYEES USE DUST-RESISTANT 
SAFETY GOGGLES WHICH COMPLY WITH 29CFR1910.133(A)(2)-(A)(6) WHERE THIS 
SOLID MAY CONTACT THE EYES. 

EMPLOYEE SHOULD WASH: 
FOLLOWING INFORMATION FROM NIOSH/OSHA "OCCUPATIONAL HEALTH GUIDELINES FOR 
CHEMICAL HAZARDS": 
EMPLOYERS SHALL ENSURE THAT EMPLOYEES WHOSE SKIN BECOMES CONTAMINATED 
WITH THIS SUBSTANCE PROMPTLY WASH OR SHOWER WITH SOAP OR MILD DETERGENT 
AND WATER TO REMOVE ANY CONTAMINANT FROM THE SKIN. 
EMPLOYERS SHALL ENSURE THAT ALL EMPLOYEES SUBJECT TO SKIN CONTACT WITH 
THIS SUBSTANCE WASH WITH SOAP OR MILD DETERGENT AND WATER ANY AREAS OF 
THE BODY WHICH MAY HAVE CONTACTED THE SUBSTANCE AT THE END OF EACH WORK 
DAY. 
EMPLOYERS SHALL ENSURE THAT EMPLOYEES WHO HANDLE THIS SUBSTANCE WASH 
THEIR HANDS THOROUGHL!I WITH SOAP OR MILD DETERGENT AND WATER BEFORE 
EATING, SMOKING, OR USING TOILET FACILITIES. 

WORK CLOTHING SHOULD BE CHANGED DAILY: 
FOLLOWING INFORMATION FROM NIOSH/OSHA 'OCCUPATIONAL HEALTH GUIDELINES FOR 
CHEMICAL HAZARDS": 
EMPLOYERS SHALL ENSURE THAT EMPLOYEES WHOSE CLOTHING MAY HAVE BECOME 
CONTAMINATED WITH THIS SUBSTANCE CHANGE INTO UNCONTAMINATED CLOTHING 
BEFORE LEAVING THE WORK PREMISES. 

REMOVE CLOTHING: 
FOLLOWING INFORMATION FROM NIOSH/OSHA "OCCUPATIONAL HEALTH GUIDELINES FOP' 
CHEMICAL HAZARDS": 
EMPLOYERS SHALL ENSURE THAT NON-IMPERVIOUS CLOTHING WHICH BECOMES 
CONTAMINATED WITH THIS SUBSTANCE BE REMOVED PROMPTLY AND NOT REWORN UNTIL 
THE SUBSTANCE IS REMOVED FROM THE CLOTHING. 
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THE FOLLOWING EQUIPMENT SHOULD BE AVAILABLE: 
FOLLOWING INFORMATION FROM NIOSH/OSHA "OCCUPATIONAL HEALTH GUIDELINES FOR 
CHEMICAL HAZARDS": 
WHERE EXPOSURE OF AN EMPLOYEE'S BODY TO THIS SUBSTANCE MAY OCCUR, 
EMPLOYERS SHALL PROVIDE FACILITIES FOR QUICK DRENCHING OF THE BODY WITHIN 
THE IMMEDIATE WORK AREA FOR EMERGENCY USE. 
EMPLOYERS SHALL ENSURE THAT EMPLOYEES DO NOT EAT OR SMOKE IN AREAS WHERE 
THIS SUBSTANCE IS HANDLED, PROCESSED OR STORED. 

RP 
RESPIRATCR SELECTION (UPPER LIMIT DEVICES PERMITTED): 
5 MG/M3 

- DUST AND MIST RESPIRATOR EXCEPT SINGLE-USE RESPIRATORS 

10 MGJM3 
- DUST AND MIST RESPIRATOR EXCEPT SINGLE-USSE RESPIRATORS AND 

QUARTERMASK RESPIRATORS 
- SUPPLIED-AIR RESPIRATOR 
- AIR-PURIFYING RESPIRATOR WITH A HIGH-EFFICIENCY PARTICULATE 

FILTER 
- SELF-CONTAINED BREATHING APPARATUS 

25 MG/M3 
- POWERED AIR-PURIFYING RESPIRATOR WITH A DUST AND MIST FILTER 
- SUPPLIED-AIR RESPIRATOR OPERATED IN CONTI:NUOUS FLOW MODE 

1. 50 MG/M3 
- AIR-PURIFYING FULL FACEPIECE RESPIRATOR WITH A HIGH-EFFICIENCY 

PARTICULATE FILTER 
- POWERED AIR-PURIFYING RESPIRATOR WITH A TIGHT-FITTING FACEPIECE 

AND HIGH-EFFICIENCY PARTICULATE FILTER 
- SELF-CONTAINED BREATHING APPARATUS WITH A FULL FACE-PIECE 
- SUPPLIED-AIR RESPIRATOR 
WITH A FULL FACE-PIECE 
- SUPPLIED-AIR RESPIRATOR WITH A TIGHT-FITTING FACEPIECE OPERATED 

IN A CONTINUOUS FLOW MODE 

200 MG/M3 
- SUPPLIED-AIR RESPIRATOR WITH HALF-MASK OPERATED IN 

PRESSURE-DEMAND OR OTHER POSITIVE PRESSURE MODE 

ESCAPE 
- AIR-PURIFYING FULL FACEPIECE RESPIRATOR WITH A HIGH-EFFICIENCY 

PARTICULATE FILTER 
- APPROPRIATE ESCAPE-TYPE SELF-CONTAINED BFlEATHING APPARATUS 

FIREFIGHTING 
- SELF-CONTAINED BREATHING APPARATUS WITH A FULL FACE-PIECE 

OPERATED IN PRESSURE-DEMAND OR POSITIVE-PRESSURE MODE. 
MS 

MEDICAL SURVEILLANCE: 
GENERAL MEDICAL HISTORY. 

I, 40CFR717 RECORDS AND REPORTS OF ALLEGATIONS THAT CHEMICAL SUBSTANCES 
CAUSE SIGNIFICANT ADVERSE REACTIONS TO HEALTH OR THE ENVIRONMENT TOXIC 
SUBSTANCES CONTROL ACT (TSCA) SECTION 8(C) RULE REQUIRES MANUFACTURERS 
AND CERTAIN PROCESSORS OF CHEMICAL SUBSTANCES AND MIXTURES TO KEEP 
RECORDS OF SIGNIFICANT ADVERSE REACTIONS TO EMPLCYEE HEALTH FOR 30 
YEARS. 



C:\PCPLUS\l156OC 09/08/92 
RESPIRATORY HISTORY. 
COMPLETE BLOOD COUNT. 
BLOOD CHEMISTRY. 
WITH EMPHASIS ON: GGTP. 
LDH. 
SGOT . 
SGPT. 
PULMONARY FUNCTIONS. 
VISION TEST. 
EKG RECOMMENDED IF EMPLOYEE TO WEAR FULL-FACE RESPIRATOR. 
URINALYSIS. 
PHYSICIAN PRE-PLACEMENT AND ANNUAL EXAMS. 
ACGIH BIOLOGICAL EXPOSURE INDICIES FOR METHEMOGLCBIN INDUCERS: 1.5% OF 
HEMOGLOBIN METHEMOGLOBIN IN BLOOD / TIMING -DURING OR END OF SHIFT. 
29CFR1910.20 OSHA STANDARD SUBPART C - GENERAL SAFETY AND HEALTH 
PROVISIONS PROVIDES FOR EMPLOYEE, DESIGNATED REPRESENTATIVE, AND OSHA 
ACCESS TO EMPLOYER-MAINTAINED EXPOSURE AND MEDICAL RECORDS RELEVANT TO 
EMPLOYEES EXPOSED TO TOXIC SUBSTANCES AND HARMFUL PHYSICAL AGENTS. 
53FR38140 g/29/88 (AMENDED). 

RE 
ROUTE OF ENTRY: 
INHALATION. SKIN ABSORPTION. INGESTION. SKIN CR EYE CONTACT. 

TO 
TARGET ORGANS: 
EYES. SKIN. RESPIRATORY SYSTEM. BLOOD. CENTRAL NERVOUS SYSTEM. 
CARDIOVASCULAR SYSTEM. GASTROINTESTINAL. KIDNEYS. LIVER. 

SP 
SYMPTOMS: 
VISUAL DISTURBANCE, UPSET IN SIGHT (SC0165). SCOTOMA, BLIND GAP IN 
VISUAL FIELD (SC0147). 
SKIN, COVERING OF BODY (SC0174); 
PIGMENTATION, COLORAT:ION (SC0132). METHEMOGLOBINEMIA, BLOOD CONDITION 
FOLLOWING SOME POSION(SC0230). HYPOXEMIA, INSUFFICIENT OXYGENATION OF 
BLOOD (SCO083). ASPHYXIA, SUFFOCATION (SCOOll). CYANOSIS, DARK 
BLUE/PURPLE SKIN COLCR (SCO038). HEADACHE, PAIN IN HEAD OR CRANIUM AREA 
(SCOO75). DIZZINESS, FEELING FAINT, LIGHT-HEADED, UNSTEADY(SC0048). 
CONFUSION, IN A BEWILDERED STATE (SCOO30). WEAKNESS, LACK OF STRENGTH 
(SC0167). HEMOLYTIC .ANEMIA, BREAKDOWN OF RED BLOOD CELLS (SC0233). 
THIRST, DESIRE FOR WATER (SCO210). NAUSEA, SICKNESS AT THE STOMACH 
(SCO115). 
CENTRAL NERVOUS SYSTEM, PERTAINING TO NEURAL BODY SYSTEM (SCOOZS); 
DEPRESSION, DECREASE IN ACTIVITY/FUNCTION (SCOO4:3). STUPOR, LETHARGY, 
UNCONSCIOUSNESS (SC0214). HYPOTENSION, LOW BLOOD PRESSURE (SCO180). 
WEIGHT LOSS, DROP IN BODY WEIGHT (SCO104). COWJLSIONS, SUDDEN MUSCLE 
CONTRACTIONS (SCO034). COMATOSE, STATE OF DEEP UNCONSCIOUSNESS (SC0186). 
BLADDER, URINE RESERVOIR VESICLE (SC0259); 
ULCERATION, LESION OF TISSUE (SC0313). KIDNEY DAMAGE, INJURY TO THE 
KIDNEY (SCO220). JAUNDICE, YELLOWING OF SKIN, EYES (SCO092). LIVER 
DAMAGE, INJURY TO THE LIVER (SCO221). 
SPLEEN, SUBSTERNAL ORGAN; BLOOD FILTER (SCO258); 
DAMAGE, PERMANENT INJURY (SC0287). BONE MARROW DEPRESSION, LOWERING OF 
BONE TISSUE BLOOD PRODUCT(SC0249). VOMITING, PERTAINING TO NAUSEA 
(SCO166). ATAXIA, MUSCULAR INCOORDINATION (SCO0.13). DYSPNEA, DIFFICULTY 
IN BREATHING (SCOOSZ). TACHYCARDIA, ABNORMAL RAPID HEARTBEAT (SC0158). 
LIGHTHEADEDNESS, DIZZY (SCOlO2). EUPHORIA, AN EXAGGERATED FEELING OF 
WELL-BEING (SCO061). 

FA 
FIRST AID. 
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(1 OF 7) 
IF THIS CHEMICAL GETS INTO THE EYES, WASH THE EYES IMMEDIATELY WITH LARGE 
AMOUNTS OF WATER OR NORMAL SALINE, OCCASIONALLY LIFTING UPPER AND LOWER 
LIDS, UNTIL NO EVIDENCE OF CHEMICAL REMAINS (APPROXIMATELY 15-20 
MINUTES). GET MEDICAL ATTENTION IMMEDIATELY. 

(2 OF 7) 
IF THIS CHEMICAL GETS ON THE SKIN, REMOVE CONTAMINATED CLOTHING AND SHOES 
IMMEDIATELY. WASH AFFECTED AREA WITH SOAP OR MILD DETERGENT AND LARGE 
AMOUNTS OF WATER UNTIL NO EVIDENCE OF CHEMICAL REMAINS (APPROXIMATELY 
15-20 MINUTES). GET MEDICAL ATTENTION IMMEDIATELY. 

(3 OF 7) 
IF THIS CHEMICAL HAS .BEEN INHALED, REMOVE FROM EXPOSURE AREA TO FRESH AIR 
IMMEDIATELY. IF BREATHING HAS STOPPED, PERFORM ARTIFICIAL RESPIRATION. 
KEEP PERSON WARM AND AT REST. TREAT SYMPTOMATICALLY AND SUPPORTIVELY. 
GET MEDICAL ATTENTION IMMEDIATELY. 

(4 OF 7) 
WHEN THIS CHEMICAL HAS BEEN SWALLOWED, DO NOT INDUCE VOMITING. REMOVE BY 
GASTRIC LAVAGE AND CATHARSIS. 

(5 OF 7) 
INGESTED NITRO/AMINO COMPOUNDS: REMOVE BY GASTRIC LAVAGE OR EMESIS AND 
CONSIDER USING ACTIVATED CHARCOAL. DO NOT PERFORM GASTRIC LAVAGE OR 
EMESIS ON AN UNCONSCIOUS PERSON. MAINTAIN BLOOD PRESSURE AND 
RESPIRATION. GIVE OXYGEN IF RESPIRATION IS SHALLOW OR ANOXIA IS PRESENT. 
(DREISBACH, HANDBOOK OF POISONING, 12TH ED.). TREAT SYMPTOMATICALLY AND 
SUPPORTIVELY. GET MEDICAL ATTENTION IMMEDIATELY. LAVAGE AND OXYGEN MUST 
BE ADMINISTERED BY QUALIFIED MEDICAL PERSONNEL. ANTIDOTE: FOR SEVERE 
METHEMOGLOBINEMIA, GIVE METHYLENE BLUE, 1% SOLUTION, 0.1 ML/KG (1 MGJKG) 
SLOWLY INTRAVENOUSLY. ALL ANTIDOTES MUST BE ADMINISTERED BY QUALIFIED 
MEDICAL PERSONNEL. (DREISBACH, HANDBOOK OF POISONING, 12TH ED.). 

(6 OF 7) 
METHEMOGLOBINEMIA: (WHEN METHEMOGLOBIN CONCENTRATION IS OVER 25040% OR IN 
THE PRESENCE OF SYMPTOMS). GIVE METHYLENE BLUE, 1% SOLUTION, 0.1 ML/KG 
INTRAVENOUSLY OVER A 10 MINUTE PERIOD. CYANOSIS MAY DISAPPEAR WITHIN 
MINUTES OR PERSIST LONGER DEPENDING ON DEGREE OF METHEMOGLOBINEMIA. 
INTRAVENOUS ADMINISTRATION OF THERAPEUTIC DOSES OF METHYLENE BLUE MAY 
CAUSE A RISE IN BLOOD PRESSURE, NAUSEA, AND DIZZI:NESS. LARGER DOSES 
(>500 MG) CAUSE VOMITING, DIARRHEA, CHEST PAIN, MENTAL CONFUSION, 
CYANOSIS, AND SWEATING. HEMOLYTIC ANEMIA HAS ALSO OCCURRED SEVERAL DAYS 
AFTER ADMINISTRATION. THESE EFFECTS ARE TEMPORARY, AND FATALITIES HAVE 
NOT BEEN REPORTED. IF METHYLENE BLUE IS NOT AVAILABLE, GIVE ASCORBIC 
ACID, 1 GRAM SLOWLY INTRAVENOUSLY. WITHOUT TREATMENT, METHEMOGLOBINEMIA 
LEVELS OF 20-30% REVERT TO NORMAL WITHIN 3 DAYS. (DREISBACH, HANDBOOK OF 
POISONING, 12TH ED.). ANTIDOTE SHOULD BE ADMINISTERD BY QUALIFIED 
MEDICAL PERSONNEL. 

(7 OF 7) 
LIVER DAMAGE - DISCONTINUE ALL DRUGS AND CHEMICALS. MAINTAIN COMPLETE 
BED REST. AVOID ANESTHESIA OR SURGICAL PROCEDURES. AVOID DEHYDRATION OR 
OVERHYDRATION. IF VOMITING IS SEVERE AND ORAL FLUIDS ARE NOT RETAINED, 

. REFLACE VOMITUS WITH AN EQUAL QUANTITY OF 5-10% DEXTROSE IN 0.3-0.5 N 
SALINE. ADMINISTER MAINTENANCE FLUIDS AND ELECTROLYTES AS NECESSARY, 
DEPENDING ON RENAL FUNCTION. RESUME ORAL FEEDINGS AS SOON AS THE PATIENT 
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CAN TOLERATE THEM. CONTROL THE AMOUNT OF PROTEIN IN THE DIET IN ORDER TO 
CORRECT THE SERUM PROTEIN LEVEL. GIVE VITAMIN K, PHYTONADIONE, 2.5 MG 
DAILY. IF ANEMIA IS SEVERE, CONSIDER A BLOOD TRANSFUSION. PROCEDURE 
MUST BE PERFORMED BY QUALIFIED MEDICAL PERSONNEL. (DREISBACH, HANDBOOK 
OF POISONING, 12TH ED.). 

END OF REQUEST 

*************************+**************************************,************* 



..PRINT 1 ALL/XIOC=l 

AN ACCEkION NIJMBER: 3881, 9207. 
:N CHEMICAL NAME: 2,4-DXNITROTOLUENE. 
dY SYNONYMS: DNT t 2r4-DNT. NCI-C01865. 1-METHYL-2r4-DINITROBENZENE. 

~~~-~IINITROTOLUOL. OgP-DINITROTGLUENE. UN 2038. BENZENE I 
l-METHYL-2r4-DINITRO-. RCRA UIOS. 

RN CAS NUMBER: 121-14-z. 

REG. TOXIC NUMBER: xl-1575000, 

CHEMICAL FORHIJLA: C7HbN2134. 
Pfl 

PHYSICAL DESCRIPTION: 
YELLQW CRYSTALS, 

MOL WT: 182.15 
BOILING PT: DECOMPOSES 572 F 
SOLUBILITY: 300 PPM 
FLASH PT: 404 F 
VAPOR PRES: 1 MM 
MELT PT: 160 F 
UEL IN AIR: EXPLODES 
LEL IN AIR: EXPLODES 
MEC IN AIR: 
SPEC GRAVITY: 1.3208 AT 160 F 
VAPOR DENSITY: 6.3 
ODOR THRESHOLD: 
OCTANOL/WATER CO-EFFICIENT:+ 

EL 
PERMISSABLE EXPOSURE: 
1.5 MG/M3 OSHA TWA (SKIN NOTATION) 
1 .5 MG/M3 ACGIH TWA (SKIN NOTATION) 
LOWEST FEAS1RL.E LIMIT NIOSH RECfJMMENDEe EXPOSURE CRITERIA 
PROBABLE HUMAN CARCINOGEN (EPA - CATEGORY B) 
NEGATIVE CARCINOGEN IN MICE (NC11 
MUTAGENIC DATA (RTEC) 
TUMORIGENIC DATA (RTEC) 
CERCLA HAZARD RATINGS - TOXICITY 3 - IGNITABILITY I - REACTIVITY 3 - 
PERSISTENCE 2 
TOXICOLOGY: SEE 1JINITRGTOLUENE. 
ORL-RAT LD50: 268 MG/KG 
ORL-RAT LD50: 268 MG/KG 
GRL-MU8 LDSO: 790 MG/KG 
GRL-GPG LD50: 1300 MG/KG 

29CFRi910.1200 OSHA HAZARD COMMUNICATION STANDARD REQUIRES CHEMICAL 
MANUFACTURERS AND IMPORTERS TO ASSESS THE HAZARDS OF CHEMICALS WHICH THEY 
PRODUCE OR IMPORTr AND ALL EMPLOYERS TO PRGUZDE INFGRMATION TO THEIR 
EMPLOYEES CONCERNING HAZARDOUS CHEMICALS BY MEANS OF A HAZARD 
COMMUNICATION PROGRAMv LABELS AND OTHER FORMS OF WARNING* MATERIAL SAFETY 
DATA SHEETSv AND INFORMATION AND TRAINING. REQUIRES DISTRIBUTQRS TO 
TRANSMIT RERUIRED INFORMATION TO EMPLOYEES. 

RANGEROUS EXPOSURE: 
NONE SPECIFIEKl 

YELLOW CRYSTALS, 
IC 

INCOMPATIBILITIES: 
HEAT. EXF’LOSIUE HAZARIi AT HIGH TEMPERATURES, THERMAL DECOMPOSITION 
PRODUCTS ARE HAZARDOUS AND/OR TOXIC. STRONG OXIDIZERS. CAUSTICS. 
ACTIVE METALS. TIN. ZINC. 



CLOTHING: 
FOLLOWING INFORMATION FROM NIOSH/OSHA ‘OCCUPATIQNAL HEALTH GUIDELINES FOR 
CHEMICAL HAZARDS’: 
PREVENT ANY POSSIBILITY OF SKIN CONTACT WITH HOLTEN DINITROTOLUENE; 
PREVENT SKIN CONTACT WITH DINITROTOLUENE OR LIQIJIDS CONTAINING 
DINITROTOLUENEp WHER:E SKIN CONTACT MAY OCCUR 
WEAR IMF’ERUIOUS CLOTHING 
WEAR GLOVES 
WEAR FACESHIELD (8 INCH MINIMUM) 
PLACE CONTAMINATED CLOTHING IN CLOSED CONTAINERS FOR STORAiGE UNTIL 
LAUNDERED OR DISCARDED 
IF CLOTHING IS TO BE: LAUNDEREDl INFORM PERSON PERFORMING OIPERATION OF 
CONTAfiINANT’S HAZARDOIJS PROPERTIES 
-ACGIH ‘GUIDELINES FOR THE SELECTION OF CHEMICAL PROTECTIVE CLOTHING’ 
INDICATED THE FOLLOWING PROTECTIVE RATINGS FOR HATERIALS COMMONLY USED 
FOR PROTECTIVE CLOTHING. THESE RATINGS ARE BASE11 PRIMARILY ON 
RUANTITATIUE TEST RESULTS AND QUALITATIVE RESISTANCE INFORMATION. (THE 
RECOMMENDATIONS APPLY TO THE PURE SUBSTANCE ONLY; BREAKTHROUGH-TIHE HAY 
VARY FOR HIXTURES.1, (A ‘t’ DESIGNATES A BLEND OF MATERIALS9 WHILE A ./’ 
DESIGNATES A COATED l’JR LAMINATED MA-TERIALe) - 
UNSUBSTITUTED NITRO COMPOUNDS: EXCEl..LENT/GOOD: POLYVINYL ALCOHOL 
FAIR/POOR: NATURAL RUBBER NITRILE RlJBRER FAIR/GOOD: CHLORINATED 
POLYETHYLENE POLYURETHANE POLYVINYL CHLORIDE UITON A WIDE VARIATION IN 
RATINGS IS 1NItICATEI:l FOR THE FOLLOWING MATERIALS: BUTYL RLJBBER NEOPRENE. 

WEAR EYE F’ROTECTIGN TO F’REVENT: 
PREVENT ANY POSSIBILITY OF EYE CONTACT, 

EMPLOYEE SHOULD WASH: 
IMMEDIATELY WHEN SKIN BECOMES CONTAMINATED AND AT THE ENfi OF WORK SHIFT, 

WORK CLOTHING SHOULD BE CHANGED DAILY: 
AFTER WORK SHIFT, 

REMOVE CLOTHING: 
PROMF’TLY IF IT IS NON-IMPERUIOUS ANIS CONTAflINATEDe 

THE FOLLOWING EQUIPMENT SHOULD BE AVAILABLE: 
EYE-WASH FOUNTAIN WITHIN IMMEDIATE WORK AREA WHERE EHPLOYE:ES’ EYES MAY BE 
EXPOSED TO SIJBSTANCE QUICK DRENCHING FACILTTIES WITHIN IHMEDIATE WORK 
AREA WHERE EtlPLOYEES MAY BE EXPOSED TO SUBSTANCE. 

RP 
RESPIRATOR SELECTION (UF’PER LIMIT DEVICES PERMITTED): 
15 MG/M3 

- SUPPLIED-AIR RESPIRATOR 
- SELF-CONTAINED BREATHING APPARATUS 

75 MG/M3 
- SUPPLIED-AIR RESPIRATOR 
WITH A FULL FACE-PIECE! HELMENT? OR HOOD 
- SELF-CONTAINED BREATHING APPARATUS 
WITH A FULL FACE-PIECE 

200 MG/M3 
- TYF’E ‘C’ SUPPLIED-AIR RESPIRATOR 
- SUPPLIED-AIR RESPIRATOR 
WITH A FULL FACE-PIECEI HELMENTf OR HOOD 

,. OF’ERATED IN PRESSURE-DEMAND OR POSITIVE-PRESSURE MODE 

ESCAPE 
- GAS MASK 
WITH AN ORGANIC VAPOR CANISTER 
(CHIN-STYLE OR FRONTOR BACK-MOUNTED CANISTER) 



FIREFIGHTING 
- SELF-CONTAINED BREATHING APPARATUS 
WITH A FULL FACE-PIECE 
OF’ERATEIS IN PRESSURE-DEMAND OR POSITIVE-PRESSURE MOBE:, 

,, MS 
MEIIICAL SURVEILLANCE: 
EKG RECOMMENDED IF EMPLOYEE TO WEAR FULL-FACE RESPIRATOR. 
GENERAL MEDICAL HISTORY. 
40CFR717 RECORDS AND REPORTS OF ALLEGATIONS THAT CHEMICAL SiUBSTANCES 
CAUSE SIGNIFICANT AftVERSE REACTIONS TO HEALTH OR THE ENVIRONMENT TOXIC 
SUBSTANCES CONTROL ACT (TSCA) SECTION 8(C) RULE REQUIRES HASNUFACTURERS 
AND CERTAIN PROCESSORS OF CHEMICAL SUBSTANCES ANI) MIXTURES TO KEEP 
RECORnS OF SIGNIFICANT ADVERSE REACTIONS TO EMPLOYEE HEALTH FOR 30 
YEARS. 
PHYSICIAN PRE-PLACEMENT AND ANNUAL EXAMS, 
MEDICAL WARNING FOR REFUSAL QF MEDICAL EXAMINATION. 
RESPIRATORY HISTORY. 
BLOGD CHEMISTRY e 
GGTP e I.. 

LDH. 
SGOT a 
SGPT e 
COMPLETE BLOOD COUNT,, 
RENAL AND LIVER FUNCTIONS. 
WITH EMPHASIS ON: MORPHOLOGICAL BLOOIl SLIDES, 
SKIN EXAM, 
VISION TEST. 
PULMONARY FUNCTIONS. 
URINALYSIS. 
ACGIH BIOLOGICAL EXPOSURE INDICIES FOR METHEMOGLOEIN INUUCERS: 1,5X OF 
HEMOGLOBIN METHEMOGLOBIN IN BLOOD / TIMING -DURING OR END CLF SHIFT. 
29CFRl910.20 OSHA STANIlARD SUBPART C - GENERAL SAFETY AND HEALTH 
PROVISIONS PROVIDES FOR EMPLOYEE9 DESIGNATED REPRESENTATIUEp AND OSHA 
ACCESS TO EMPLOYER-MAINTAINED EXPOSURE AND MEDICAL RECORDS RELEVANT TO 
EMPLOYEES EXPOSED TO TOXIC SUBSTANCES AND HARMFUL PHYSICAL AGENTS, 
53FR38140 9/29/88 (AMENDED), 

RE 
ROUTE OF ENTRY: 
INHALATION. SKIN ABSORPTION, INGESTION, SKIN OR EYE CQNTACT. 

TO 
TARGET ORGANS: 
EYES. SKIN. RESPIRATORY SYSTEM. BLOGD, CENTRAL NERVOUS SYSTEM, 
CARDIOVASCULAR SYSTEM, KIDNEYS, LIVER. 

SF 
SYMPTOMS: 
EYE, ORGAN OF SIGHT tSCO170); 
IRRITATION9 EXTREME REACTION TO A CONDITION (SCOO90). 
SKIN? COVERING OF BODY (SCOl74)i 
IRRITATION? EXTREME REACTION TO A CONISITION (SCOO90). DERHiATITIS~ 
INFLAMMATION OF SKIN (SCOO44). 
SKINlr COVERING OF BODY (SCOl74); 
PIGMENTATION, COLORATION (SCO132). 
RESPIRATORYl PERTAINING TO THE.LUNGS (SCO142); 
IRRITATIONv EXTREME REACTION TO A CONDITION (SCOO90). 
MUCOUS MEMBRANE, MEMBRANE LINING PASSAGES/CAVITIES (SCO109); 
IRRITATIONv EXTREME REACTION TO A CONDITION (SCOO90). METHEHOGLOBINEMIA 

"1. BLOOD CONDITION FOLLOWING SOME POSION(SC0230). CYANOSISp DARK 
BLUE/PURPLE SKIN COLOR (SCOO38). ASPHYXIAI SUFFOCATION (SCOOll). 
RESPIRATORY DISTRESSr DIFFICULTY BREATHING (SCO219). HEADACHEI PAIN IN 
HEAD OR CRANIUM AREA (SCOO7cJ). NAUSEA1 SICKNESS AT THE STOMACH (SCOllS). 
VOMITING, PERTAINING TO NAIJSEA (SCO166). IRRITABILITY? QUICK 
EXCITABILITY TO ANNOYANCE (SCOO91). DROWSINESS9 FALLING ASLEEP tSCOO49). 
INSDMNIAr INABILITY To OBTAIN NORMAL SLEEP (scoo88). UERTIGOl FEELING OF 
WHIRLING MOTION (SCO:l63). DIZZINESSI FEELING FAINT9 LIGHT-HEABEDv 



‘CENTRAL NERVOUS SYSTE.‘Hp PERTAINING TO NEURAL BODY SYSTEM (SC0028); 
DEpRESSIONr DECREASE IN ACTIUITY/FlJNCTIQN (SCOO43). DYSPNEAI DIFFICULTY 
IN BREATHING (SC00?~2:). HEMOLYTIC ANEMIA9 BREAKIlOWN OF RED BLOOD CELLS 
(SCO233)* HYPOTENSIONp LOW BLOOD PRESSURE (SCO1.80). WEIGHT LOSS9 DROP 
IN BODY WEIGHT (SC0104). STlJPOR t LETHARGY, UNCONSCIBUSNESS (SCO214). 
COMATOSE9 STATE OF DEEP UNCONSCIOUSNESS (SCOl86). CONVULSIONS I SUDDEN 
MUSCLE CONTRACTIONS (SC0034). 
BLADDER I URINE RESERVOIR VESICLE (SC02591 i 
ULCERATION9 LESION OF TISSlJE (SCO313). KIDNEY I)AHAGEp INJIJRY TO THE 
KIDNEY (SCO220). JAlJNDICEv YELLOWING OF SKIN9 E:YES (SCOO92). LIVER 
DAMAGE 9 INJURY TO THE LIVER (SCO221). INSOMNIA9 INABILITY TO OBTAIN 
NORMAL SLEEp (SCOO88.). ARTHRALGIAv JOINT PAIN tSCO417). 

FA 
FIRST AID. 

(1 OF 7) 
IF THIS CHEMICAL GETS INTO THE EYES9 WASH THE EYES IMMEDIATELY WITH LARGE 
AMOUNTS OF WATER OR NORMAL SALINEp OCCASIONALLY LIFTING UPPER ANIS LOWER 
LIDS? UNTIL NO EVIDENCE OF CHEMICAL REMAINS (APPROXIMATELY 15-20 
HINLJTES) l GET HErJICAL ATTENTION IMMEDIATELY. 

(2 OF 7) 
IF THIS CHEMICAL GETS ON THE SKINf REMOVE CONTAMINATE11 CLOTHING AND SHOES 
IMMEDIATELY. WASH AFFECTED AREA WITH SOAP OR MILD DETERGENT AND LARGE 
AMOUNTS OF WATER UNTIL ND EVIDENCE OF CHEMICAL REMAINS (APPROXIMATELY 
15-20 MINUTES). GET MEDICAL ATTENTION IMMEDIATELY + 

(3 OF 7) 
IF THIS CHEMICAL HAS BEEN INHALErIp REMOVE FROM EXPOSURE AREA TO FRESH AIR 
IHHEDIATELY~ IF BREATHING HAS STOPPED, PERFORM ARTIFICIAL RESPIRATION. 
KEEP PERSON WARM AND AT REST. TREAT SYMPTOMATICALLY AND SUPPORTIVELY. 
GET MEDICAL ATTENTION IMMEDIATELY. 

(4 OF 7> 
WHEN THIS CHEMICAL HAS BEEN SWALLOWED9 DO NOT INDUCE VOMITING. REMOVE BY 
GASTRIC LAVAGE AND CATHARSIS. 

0 

(5 OF 7) 
INGESTED NITRo/AHINO COMPOUNDS: REMOVE BY GASTRIC LAW&GE OR EHESIS ANIt 

. CONSIDER USING ACTIVATED CHARCOAL, rJ0 NOT PERFORM GASTRIC LAUAGE OR 
EHESIS ON AN UNCONSCIOUS PERSON. MAINTAIN BLOI?D PRESSURE AND 
RESPIRATION. GIVE OXYGEN IF RESPIRATION IS SHALLOW OR ANOXIA IS PRESENT, 
(DREISBACHI HANDBOOK OF POISONING, 12TH ED.), TREAT SYHPTOMArICALLY AND 
SUPPORTIVELY. GET MEDICAL ATTENTION IHHEDIATEL’Y. LAUAGE ANIl OXYGEN MlJST 
BE ADMINISTERED BY QUALIFIED MEDICAL PERSONNEL, ANTIBOTE: FOR SEVERE 
HETHEHOGLOBINEHIA~ GIVE HETHYLENE ELlJEl 1% SOI..UTIONr 0.1 ML/KG (1 HG/KG) 
SLOWLY INTRAVENOUSL,Y. ALL ANTIDOTES MUST BE ATIHINISTERED BY QlJALIFIErl 
MEDICAL PERSONNEL, (DREISBACHI HANIIBOOK OF POISONINO~ 12TH ED.), 

(6 OF 7) 
HETHEHOGLOBINEHIA: (WHEN METHEMOGLOBIN CONCENTRATION IS OUER 25-402 OR IN 
THE PRESENCE OF SYMPTOMS), GIVE HETHYLENE BLlJEr 1% SOt..UTIONv 0.1 ML/KG 
INTRAVENOUSLY OVER AI 10 MINUTE PERIOD. CYANOSIS HAY DISAPPEAR WITHIN 
MINUTES OR PERSIST LONGER DEPENDING ON DEGREE OF METHEHoGLOBINEHIA, 
INTRAVENOUS ADMINISTRATION OF THERAPEUTIC DOSES OF HFTHYL.ENE BLUE HAY 
CAUSE A RISE IN BLom PRESSURE? NAUSEAS ANrl DIZZINESS. LARGER DOSES 
0500 HG) CAUSE VOHITINGr BIARRHEA? CHEST PAIN? MENTAL CONFUSION9 
CYANOSISI AND SWEATING+ HEHOLYTIC ANEMIA HAS ALSO OCCURRED SEVERAL DAY,% 
AFTER ADMINISTRATION!. THESE EFFECTS ARE TEHPORAl?Yt ANU FATALITIES HAV 
NOT BEEN REPORTED + IF METHYLENE RLUE IS NOT AVAILABLEl GIVE ASCORBIC 
ACIDI 1 GRAM SLOWLY INTRAVENOUSLY. WITHOUT TREATMENT9 HETHEHOGLOBINEHIA 
LEVELS OF 20-30X REVERT TO N0RMAL WITHIN 3 DAYS. (DREISBACHv HANLlBOQK OF 
POISONINGS 12TH ED.1. ANTIDOTE SHOULD BE ADMXNISTERD BY QIJAL’IFIED 
MEUICAL PERSONNEL. 



LIVER IlAMAGE - DISCONTINUE ALL DRUGS AND CtIEHICALS. MAINTAIN COMPLETE 
EED REST. AVOID ANESTHESIA OR SURGICAL PROCEDURES, AVOIII DEHYDRATION OR 
oVERHYDRATION+ IF VOMITING IS SEVERE AND ORAL FLUIDS ARE NOT RETAINEDI 
REPLACE UOMITUS WITH AN EQIJAL QUANTITY OF 5-10% DEXTROSE IN 0.3-0.5 N 
SALINE. ADMINISTER MAINTENANCE FLUIluS AND ELECTROLYTES AS NECESSARY v 
DEF’ENDING ON RENAL FlJN!CTION e RESUME ORAL FEEnINGS AS SOON AS THE PATIENT 
CAN TOLERATE THEM. CONTROL THE AMOUNT OF PROTEIN IN THE DIET IN ORDER TO 
CORRECT THE SERUM F'ROTEIN LEVEL. GIVE VITAMIN KI PHYTONADIONEv 2.5 MG 
nAILYI IF ANEMIA IS SEVERE, CONSIDER A EI..OOD TRANSFUSION. F’ROCERURE 
MUST RE PERFORMED EY CIUALIFIEn MEnICAL PERSONNEL, (DREISBACH, HANIlEOOK 
OF POISONING, 12TH ED,), 

nT 
SFECIAL DIAGNOSTIC TESTS AND INDEXES OF EXPOSURE: 
METHEMOGLORIN OETERHINATION~ 
ELECTROCARDIOGRAM, 
CONVULSIONS - ELOOn ANALYSIS FOR GLUCOSEI CALCIllMv UREA NTROGEN ANIt 
CARBON DIOXIDE. 

RS 
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ACCESSION NUMBER: 3953. 9208. 
CHEMICAL NAME: 2,6-DINITROTOLUENE. 
SYNONYMS : 2,6-DNT. 2-METHYL-1,3-DINITROBENZENE. UN 2038. TOLUENE, 
2,6-DINITRO-. BENZENE, 2-METHYL-1,3-DINITRO-. STCC 4963120. RCRA U016. 
CAS NUMBER: 606-20-2. 

REG. TOXIC NUMBER: XT1925000. 

CHEMICAL FORMULA: iZIH6N204. 
.._ 

PHYSICAL DESCRIPTION: 
COLORLESS TO YELLOW CRYSTALS. 

MOL WT: 
BOILING PT: 
SOLUBILITY: 
FLASH PT: 
VAPOR PRES: 
MELT PT: 
UEL IN AIR: 
LEL IN AIR: 
MEC IN AIR: 
SPEC GRAVITY: 
VAPOR DENSITY: 
ODOR THRESHOLD: 

182.14 
545 F (285 C) 
180 PPM 
404 F (2,4-ISOMER) 
0.018 MMHG 
151 F (66 C) 
NOT AVAILABLE 
NOT .AVAILABLE . 

1.2933 @ 111 c 

OCTANOL/WATER CO--EFFICIENT:. 

PERMISSABLE EXPOSURE: 
1.5 MG/M3 OSHA TWA (SKIN) 
1.5 MG/M3 ACGIH TWA (SKIN) 
1.5 MG/M3 NIOSH RECOMMENDED 10 HR TWA (SKIN) ,. 
TUMORIGENIC DATA (RTECS) 
MUTAGENIC DATA (RTECS:) 
AQUATIC TOXICITY (LCSO 96HR): FATHEAD MINNOW - 19.8 MG/L 
CERCLA HAZARD RATINGS - TOXICITY 3 - IGNITABILITY 1 - REACTIVITY 3 - 
PERSISTENCE 2 
TOXICOLOGY: 2,6-DINITROTOLUENE MAY BE MILDLY IRRITATING TO THE SKIN. 
CONTACT WITH THE MOLTEN MATERIAL MAY CAUSE THERMAL BURNS TO THE SKIN 
AND EYES. IT IS TOXIC BY INGESTION. IT IS A METHEMOGLOBIN FORMER. 
POISONING MAY ALSO AFFECT THE CARDIOVASCULAR AND NERVOUS SYSTEMS AND 
THE LIVER AND KIDNEYS. METHEMOGLOBIN FORMATION AT 15% MAY RESULT IN 
OBSERVABLE CYANOSIS OF THE LIPS, NOSE AND EARLOBES. ABOVE 60% 
METHEMOGLOBIN, DYSPNEA, TACHYCARDIA, CONVULSIONS AND COMA MAY OCCUR. 
PROLONGED EXPOSURE TO DINITROTOLUENE MAY CAUSE ANEMIA ALONG WITH OTHER 
BLOOD CHANGES. WORKERS EXPOSED TO TECHNICAL GRADE DINITROTOLUENE FOR 
MORE THAN 15 YEARS EXPERIENCED A SIGNIFICANT INCREASE IN THE DEATH. 
RATE DUE TO ISCHEMIC HEART DISEASE AND OTHER RESIDUAL DISEASES OF THE 
CIRCULATORY SYSTEM. THERE HAVE BEEN EQUIVOCAL REPORTS OF REPRODUCTIVE 
EFFECTS OCCURRING IN WORKERS WHO HAVE BEEN OCCUPATIONALLY EXPOSED. 
RATS FED FOR A YEAR DEVELOPED HEPATOCELLULAR CARCINOMAS. 
THE THRESHOLD LIMIT VALUE FOR THE MIXED ISOMERS OF DINITROTOLUENE 
WAS BASED ON TOXICITY. 
ALCOHOLIC BEVERAGES MAY ENHANCE THE TOXIC EFFECTS. HIGH AMBIENT 
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TEMPERATURES INCREASE THE SUSCEPTIBILITY TO CYANOSIS. 
ORL-RAT LD50: 177 MG/KG ORL-MUS LD50: 621 MG/KG 

29CFR1910.1200 OSHA HAZARD COMMUNICATION STANDARD REQUIRES CHEMICAL 
MANUFACTURERS AND IMPORTERS TO ASSESS THE HAZARDS OF CHEMICALS WHICH THEY 
PRODUCE OR IMPORT, AND ALL EMPLOYERS TO PROVIDE INFORMATION TO THEIR 
EMPLOYEES CONCERNING HAZARDOUS CHEMICALS BY MEANS OF A HAZARD 
COMMUNICATION PROGRAM, LABELS AND OTHER FORMS OF WARNING, MATERIAL SAFETY 
DATA SHEETS, AND INFORMATION AND TRAINING. REQUIRES DISTRIBUTORS TO 
TRANSMIT REQUIRED INFORMATION TO EMPLOYEES. 

DANGEROUS EXPOSURE: 
200 MG/M3 POTENTIAL 

CARCINOGENNIOSH ._ 
COLORLESS TO YELLOW CRYSTALS. 

IC 
INCOMPATIBILITIES: 
CAUSTICS. ACTIVE METALS. NITRIC ACID. STRONG OXIDIZERS. REDUCING 
AGENTS. SODIUM PEROXIDE. EXPLOSIVE HAZARD AT HIGH TEMPERATURES. 

CL 
CLOTHING: 

FOLLOWING INFORMATION FROM NIOSH/OSHA "OCCUPATIONAL HEALTH GUIDELINES FOR 
CHEMICAL HAZARDS“: 
EMPLOYERS SHALL ENSURE THAT EMPLOYEES BE PROVIDED WITH AND REQUIRED TO 
USE IMPERVIOUS CLOTHING, GLOVES, FACE SHIELDS (EIGHT-INCH MINIMUM), AND 
OTHER APPROPRIATE PROTECTIVE CLOTHING NECESSARY TO PREVENT ANY 
POSSIBILITY OF SKIN CONTACT WITH THIS MOLTEN SUBSTANCE OR REPEATED 
PROBABILITY OF SKIN CONTACT WITH THE LIQUID OR SO:LID. 
EMPLOYERS SHALL ENSURE THAT CLOTHING CONTAMINATED WITH THIS SUBSTANCE I* 
PLACED IN CLOSED CONTAINERS FOR STORAGE UNTIL IT (CAN BE DISCARDED OR 
UNTIL THE EMPLOYER PROVIDES FOR THE REMOVAL OF THE CONTAMINANT FROM THE 
CLOTHING. IF THE CLOTHING IS TO BE LAUNDERED OR OTHERWISE CLEANED TO 
REMOVE THE CONTAMINANT, THE EMPLOYER SHALL INFORM THE PERSON PERFORMING 
THE CLEANING OF THE HAZARDOUS PROPERTIES OF THE SUBSTANCE. 

WEAR EYE PROTECTION TO PREVENT: 
FOLLOWING INFORMATION FROM NIOSH/OSHA "OCCUPATIONAL HEALTH‘GUIDELINES FOR 
CHEMICAL HAZARDS": 
EMPLOYERS SHALL ENSURE THAT EMPLOYEES BE PROVIDED WITH AND REQUIRED TO 
USE SPLASH-PROOF SAFETY GOGGLES WHERE THERE IS ANY POSSIBILITY OF EYE 
CONTACT WITH THIS SUBSTANCE IN A MOLTEN FORM AND REASONABLE PROBABILITY 
OF EYE CONTACT WITH LIQUID OR SOLID CONTAINING THE SUBSTANCE. 

EMPLOYEE SHOULD WASH: 
FOLLOWING'INFORMATION FROM NIOSH/OSHA "OCCUPATIONAL HEALTH GUIDELINES FOR 
CHEMICAL HAZARDS": 
EMPLOYERS SHALL ENSURE THAT ALL EMPLOYEES SUBJECT TO SKIN CONTACT WASH 
IMMEDIATELY WHEN THE SKIN BECOMES WET, PROMPTLY WHEN THE SKIN BECOMES 
CONTAMINATED AND AT THE END OF EACH WORK SHIFT. 

WORK CLOTHING SHOULD BE CHANGED DAILY: 
FOLLOWING INFORMATION FROM NIOSH/OSHA "OCCUPATIONAL HEALTH GUIDELINES FOR 
CHEMICAL HAZARDS": 
EMPLOYERS SHALL ENSURE THAT EMPLOYEES WHOSE CLOTHXNG MAY HAVE BECOME 
CONTAMINATED WITH THIS SUBSTANCE CHANGE INTO UNCONTAMINATED CLOTHING 
BEFORE LEAVING THE WORK PREMISES. 

REMOVE CLOTHING: 
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‘FOLLOWING INFORMATION FROM NIOSH/OSHA 'OCCUPATIONAL HEALTH GUIDELINES FOR 
CHEMICAL HAZARDS": 
EMPLOYERS SHALL ENSURE THAT EMPLOYEES WHOSE NON-IMPERVIOUS CLOTHING 
BECOMES WET WITH THIS SUBSTANCE BE REMOVED IMMEDIATELY AND NON-IMPERVIOUS 
CLOTHING WHICH BECOMES CONTAMINATED WITH THE SUBSTANCE BE REMOVED 
PROMPTLY AND SUCH CLOTHING NOT BE REWORN UNTIL THE SUBSTANCE IS REMOVED 
FROM THE CLOTHING. 

THE FOLLOWING EQUIPMENT SHOULD BE AVAILABLE: 
FOLLOWING INFORMATION FROM NIOSH[OSHA "OCCUPATIONAL HEALTH GUIDELINES FOR 
CHEMICAL HAZARDS” : 
WHERE THERE IS ANY POSSIBILITY OF EXPOSURE OF AN EMPLOYEE'S BODY TO THIS 
SUBSTANCE, EMPLOYERS SHALL PROVIDE FACILITIES FOR QUICK DRENCHING OF TH 
BODY WITHIN THE IMMEDIATE WORK AREA FOR EMERGENCY USE. 

RESPIRATOR SELECTION (UPPER LIMIT DEVICES PERMITTED): 
ANY DETECTABLE CONCw 

- SELF-CONTAINED BREATHING APPARATUS WITH A FULL FACE-PIECE 
OPERATED IN PRESSURE-DEMAND OR POSITIVE-PRESSURE MODE 

- SUPPLIED-AIR RESPIRATOR WITH A FULL FACEPIECE OPERATED IN 
PRESSURE-DEMAND OR OTHER POSITIVE PRESSURE MODE WITH AUXILIARY 
SELF-CONTAINED BREATHING APPARATUS OPERATED IN POSITIVE PRESSURE MODE 

ESCAPE 
- AIR-PURIFYING FULL FACEPIECE RESPIRATOR (GAS MASK) WITH A 

CHIN-STYLE OR FRONTOR BACK-MOUNTED ORGANIC VAPOR CANISTER HAVING A HIGH 
EFFICIENCY PARTICULATE FILTER 

- APPROPRIATE ESCAPE-TYPE SELF-CONTAINED BREATHING APPARATUS 

FIREFIGHTING 
- SELF-CONTAINED BREATHING APPARATUS WITH A FULL FACE-PIECE 

OPERATED IN PRESSURE-DEMAND OR POSITIVE-PRESSURE MODE 
- SUPPLIED-AIR RESPIRATOR WITH A FULL FACEE'IECE OPERATED IN 

PRESSURE-DEMAND OR OTHER POSITIVE PRESSURE MODE WITH AUXILIARY 
SELF-CONTAINED BREATHING APPkRATUS OPERATED IN POSITIVE PRESSURE MODE. 

MEDICAL SURVEILLANCE: 
29CFR1910.20 OSHA STANDARD SUBPART C - GENERAL SAFETY AND HEALTH 
PROVISIONS PROVIDES FOR EMPLOYEE, DESIGNATED REPRESENTATIVE, AND OSHA 
ACCESS TO EMPLOYER-MAINTAINED EXPOSURE AND MEDICAL RECORDS RELEVANT TO 
EMPLOYEES EXPOSED TO TOXIC SUBSTANCES AND HARMFUL PHYSICAL AGENTS. 
53FR38140 g/29/88 (AMENDED). 
40CFR7l.7 RECORDS AND REPORTS OF ALLEGATIONS THAT CHEMICAL SUBSTANCES 
CAUSE SIGNIFICANT ADVERSE REACTIONS TO HEALTH OR THE ENVIRONMENT TOXIC 
SUBSTANCES CONTROL ACT (TSCA) SECTION 8(C) RULE REQUIRES MANUFACTURERS 
AND CERTAIN PROCESSORS OF CHEMICAL SUBSTANCES AND MIXTURES TO KEEP 
RECORDS OF SIGNIFICANT ADVERSE REACTIONS TO EMPLDYEE HEALTH FOR 30 
YEARS. 
FOLLOWING INFORMATION1 FROM NIOSH/OSHA "OCCUPATIONAL HEALTH GUIDELINES FOR 
CHEMICAL HAZARDS". 
GENERAL MEDICAL HISTORY. 
PHYSICIAN PRE-PLACEMENT AND ANNUAL EXAMS. 
BLOOD CHEMISTRY. 
LIVER FUNCTION. 
CARDIOVASCULAR DISEASE. 
COMPLETE BLOOD COUNT. 
ACGIH BIOLOGICAL. EXPOSURE INDICIES .FOR METHEMOGLOBIN INDUCERS: 1.5% OF 
HEMOGLOBIN METHEMOGLOBIN IN BLOOD / TIMING -DURING OR END OF SHIFT. 
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ROUTE OF ENTRY: 
INHALATION. INGESTION. SKIN OR EYE CONTACT. 

TARGET ORGANS: 
BLOOD. CENTRAL NERVOUS SYSTEM. CARDIOVASCULAR SYSTEM. XIDNEYS. LIVER. 

SYMPTOMS: 
CYANOSIS, DARK BLUE/PURPLE SKIN COLOR (SCO038). EUPHORIA, AN EXAGGERATED 
FEELING OF WELL-BEING (SCO061). HEADACHE, PAIN IN HEAD OR CRANIUM AREA 
(SCOO7S). WEAKNESS, LACK OF STRENGTH (SC0167). DIZZINESS, FEELING . 
FAINT, LIGHT-HEADED, UNSTEADY(SC0048). LIGHTHEADEDNESS, DIZZY (SCOlO2). 
ATAXIA, MUSCULAR INCOORDINATION (SCO013). DROWSINESS, FALLING ASLEEP 
(SCOO49). NAUSEA, SICKNESS AT THE STOMACH (SCOllS). VOMITING, 
PERTAINING TO NAUSEA (SC0166). CONFUSION, IN A BEWILDERED STATE 
(SCOO30). LETHARGY, SLUGGISHNESS (SC0595). STUPOR, LETHARGY, 
UNCONSCIOUSNESS (SC0214). DYSPNEA, DIFFICULTY IN BREATHING (SCO052). 
TACHYCARDIA, ABNORMAL RAPID HEARTBEAT (SCOlS8). CONVULSIONS, SUDDEN 
MUSCLE CONTRACTIONS (SCO034). PALLOR, PALENESS; AS OF THE SKIN (SCOl22). 
DERMATITIS, INFLAMMATION OF SKIN (SCO044). HEMATURIA, RED BLOOD CELLS IN 
URINE (SCO076). METHEMOGLOBINEMIA, BLOOD CONDITION FOLLOWING SOME 
POSION(SC0230). 
KIDNEY, POST-PERITONEUM ORGAN FOR URINE WASTE(SC0094); 
EFFECTS, SIGNS AND SYMPTOMS (SCOS79). BLOOD CHANGES, CHANGES IN BLOOD 
CELLS OR MORPHOLOGY (SCO227). ARTHRALGIA, JOINT PAIN (SC0417). ANOREXIA 
DIMINISHED APPETITE (SCOOOS). GIDDINESS, FRIVOLOUS, DIZZINESS (SCO071). 
FATIGUE, TIREDNESS, SLUGGISH (SCO066). INSOMNIA, INABILITY TO OBTAIN 
NORMAL SLEEP (SCO088). NYSTAGMUS, RHYTHMICAL OSCILLATION OF EYEBALLS 
(SCO443). TREMORS, q!REMBLING, SHAKING (SC0197). 
CIRCULATORY, PERTAINING TO CIRCULATION (SC0613); 
EFFECTS, SIGNS AND SYMPTOMS (SCOS79). 
SKIN, COVERING OF BODY (SC0174); 
YELLOW DISCOLORATION, ABNORMAL PIGMENTATION OF TISSUE (SC0383). 
SKIN, COVERING OF BODY (SC0174); 
SENSITIZATION, ALLERGIC REACTION (SC0148). 
SKIN, COVERING OF BODY (SC0174); 
BURNS, TISSUE DAMAGE FROM HEAT (SCO175). 
EYE, ORGAN OF SIGHT 1(SC0170); 
BURNS, TISSUE DAMAGE FROM HEAT (SCO175). INCOORDINATION, LACK OF 
COORDINATION (SCOOSS). 
CENTRAL NERVOUS SYSTEM, PERTAINING TO NEURAL BODY SYSTEM (SCO028); 
DEPRESSION, DECREASE IN ACTIVITY/FUNCTION (SCO043). 
RESPIRATORY, PERTAINING TO THE LUNGS (SC0142); 
DEPRESSION, DECREASE IN ACTIVITY/FUNCTION (SCO043). PARALYSIS, LOSS OF 
POWER OF VOLUNTARY MOVEMENT (SC0124). REPRODUCTIVE EFFECTS, BIRTH 
DEFECTS (SC0281). LIVER DAMAGE, INJURY TO THE LIVER (SCO221). 

FIRST AID. 

(1 OF 5) 
IF THIS CHEMICAL GETS INTO THE EYES, WASH EYES IMMEDIATELY WITH LARGE 
AMOUNTS OF WATER, OCCASIONALLY LIFTING UPPER AND LOWER LIDS, UNTIL NO 
EVIDENCE OF CHEMICAL REMAINS (AT LEAST 15-20 MINUTES). CONTINUE 
IRRIGATING WITH NORMAL SALINE UNTIL THE PH HAS RETURNED TO NORMAL (30-t 
MINUTES). COVER WITH STERILE BANDAGES. GET MEDICAL ATTENTION 
IMMEDIATELY. 

(2 OF 5) 



. 
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IF CONTACT WITH THE SKIN IS NOT WITH MOLTEN MATERIAL, REMOVE CONTAMINATED 
CLOTHING AND SHOES IMMEDIATELY. WASH AFFECTED AREA WITH SOAP OR MILD 
DETERGENT AND LARGE AMOUNTS OF WATER UNTIL NO EVIDENCE OF CHEMICAL 
REMAINS (APPROXIMATELY 15-20 MINUTES). GET MEDICAL ATTENTION 
IMMEDIATELY. BURNS FROM CONTACT WITH MOLTEN MATERIAL SHOULD BE TREATED 
LIKE THERMAL BURNS. COOL AFFECTED AREAS AS QUICKLY AS POSSIBLE BY 
DRENCHING OR IMMERSING IN WATER UNTIL MATERIAL SOLIDIFIES. DO NOT 
ATTEMPT TO REMOVE SOLIDIFIED MATERIAL. COVER AREA WITH STERILE, DRY 
DRESSING. GET MEDICAL ATTENTION IMMEDIATELY. 

(3 OF 5) 
IF THIS CHEMICAL HAS BEEN INHALED, REMOVE FROM EXPOSURE AREA TO FRESH'AIR 
IMMEDIATELY. IF BREATHING HAS STOPPED, GIVE ARTIFICIAL RESPIRATION, 
MAINTAIN AIRWAY AND BLOOD PRESSURE AND ADMINISTER OXYGEN IF AVAILABLE. 
KEEP AFFECTED PERSON.WARM AND AT REST. ADMINISTRATION OF OXYGEN SHOULD 
BE PERFORMED BY QUALIFIED PERSONNEL. TREAT SYMPTOMATICALLY AND 
SUPPORTIVELY. GET MEDICAL ATTENTION IMMEDIATELY. 

(4 OF 5) 
INGESTED NITRO/AMINO COMPOUNDS: REMOVE BY GASTRIC LAVAGE OR EMESIS AND 
CONSIDER USING ACTIVATED CHARCOAL. DO NOT PERFORM GASTRIC LAVAGE OR 
EMESIS ON AN UNCONSCIOUS PERSON. MAINTAIN BLOOD PRESSURE AND 
RESPIRATION. GIVE OXYGEN IF RESPIRATION IS SHALLOW OR ANOXIA IS ‘PRESENT. 
(DREISBACH, HANDBOOK OF POISONING, 12TH ED.). TREAT SYMPTOMATICALLY AND 
SUPPORTIVELY. GET MEDICAL ATTENTION IMMEDIATELY. LAVAGE AND OXYGEN MUST 
BE ADMINISTERED BY QUALIFIED MEDICAL PERSONNEL. ANTIDOTE: FOR SEVERE 
METHEMOGLOBINEMIA, GIVE METHYLENE BLUE, 1% SOLUTION, 0.1 ML/KG (1 MG/KG) 
SLOWLY INTRAVENOUSLY. ALL ANTIDOTES MUST BE ADMINISTERED BY QUALIFIED 
MEDICAL PERSONNEL. (DREISBACH, HANDBOOK OF POISONING, 12TH ED.). 

(5 OF 5) 
METHEMOGLOBINEMIA: (WHEN METHEMOGLOBIN CONCENTRATION IS OVER 25-4039: OR IN 
THE PRESENCE OF SYMPTOMS). GIVE METHYLENE BLUE, 1% SOLUTION, 0.1 ML/KG 
INTRAVENOUSLY OVER A 10 MINUTE PERIOD. CYANOSIS MAY DISAPPEAR WITHIN 
MINUTES OR PERSIST LONGER DEPENDING ON DEGREE OF METHEMOGLOBINEMIA. 
INTRAVENOUS ADMINISTRATION OF THERAPEUTIC DOSES OF METHYLENE BLUE MAY 
CAUSE A RISE IN BLOOD PRESSURE, NAUSEA, AND DIZZINESS. LARGER DOSES 
(>500 MG) CAUSE VOMITING, DIARRHEA, CHEST PAIN, MENTAL CONFUSION, 
CYANOSIS, AND SWEATING. HEMOLYTIC ANEMIA HAS ALSO OCCURRED SEVERAL DAYS 
AFTER ADMINISTRATION. THESE EFFECTS ARE TEMPORARY, AND FATALITIES HAVE 
NOT BEEN REPORTED. IF METHYLENE BLUE IS NOT AVAILABLE, GIVE ASCORBIC 
ACID, 1 GRAM SLOWLY INTRAVENOUSLY. WITHOUT TREATMENT, METHEMOGLOBINEMIA 
LEVELS OF 20-30% REVERT TO NORMAL WITHIN 3 DAYS. (DREISBACH, HANDBOOK OF 
POISONING, 12TH ED.). ANTIDOTE SHOULD BE ADMINISTERD BY QUALIFIED 
MEDICAL PERSONNEL. 
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AN 
CN 
SY 

RN 

PD 

EL 

1 
ACCESSION NUMBER: 856. 9208. 
CHEMICAL NAME: CYCLOTETRAMETHYLENETETRANIT~INE. 
SYNONYMS: CYCLOTETRAMETHYLENE TETRANITRAMINE. HMX. UN 0226. OCTOGEN. 
1,3,5,7=TETRAZOCINE, OCTAHYDRO, 1,3,5,7-TETRANITRO-. BETA-HMX. 
1,3,5,7-TETRANITROPERHYDRO-1,3,5,7-TETRAZOCINE. CYCLOTETRAMETHYLENE 
TETRANITRAMINE, WET W3TH NOT LESS THAN 10% WATER. STCC 4901548. 
OCTAHYDRO-1,3,5,7-TETRANITRO-l,3,5,7-TETRAZOCINE. HOMOCYCTONITE, 
TETRAMETHYLENETETRANITRAMINE. 
CAS NUMBER: 2691-41-O. 

._ 
REG. TOXIC NUMBER: XF7450000. 

CHEMICAL FORMULA: C4HEIN808. 

PHYSICAL DESCRIPTION: 
COLORLESS TO WHITE CRYSTALS WETTED WITH WATER. 

MOL WT: 
BOILING PT: 
SOLUBILITY: 
FLASH PT: 
VAPOR PRES: 
MELT PT: 
UEL IN AIR: 
LEL IN AIR: 
MEC IN AIR: 
SPEC GRAVITY: 
VAPOR DENSITY: 
ODOR THRESHOLD: 

296.20 
NOT AVAILABLE 
INSOLUBLE 
FLAMMABLE SOLID 
NOT AVAILABLE 
527 F (275 C) 
NOT AVAILABLE 
NOT AVAILABLE 
NOT AVAILABLE 
NOT AVAILABLE 

OCTANOL/WATER CO-EFFICIENT:.* 

PERMISSABLE EXPOSURE: 
NO OCCUPATIONAL EXPOSURE LIMITS ESTABLISHED BY OSHA, ACGIH OR NIOSH 
CERCLA HAZARD RATINGS I- TOXICITY 3 - IGNITABILITY 3 - REACTIVITY 3 - 
PERSISTENCE 2 
TOXICOLOGY: CYCLOTETRAMETHYLENETETRANITRAMINE MAY BE IRRITATING TO 
THE EYES. IT IS TOXIC BY SKIN ABSORPTION AND SLIGHTLY TOXIC BY 
INGESTION. INGESTION MAY CAUSE NARCOSIS. DERMATITIS AND CIRCULATORY 
COLLAPSE WITH CENTRAL NERVOUS SYSTEM DISTURBANCES HAVE BEEN REPORTED 
IN ANIMALS. 
OR&RAT LD5'3: 6490 MG/KG ORL-GPG LD50: 300 MG/KG 
ORL-MUS LD50: 1500 MG/KG ORL-RBT LD50: 50 MG/KG 
SKN-RBT- LD50: 630 MG/KG INV-RAT LDSO: 25 MG/KG 
INV-RBT LDSO: 10 MGjKG XNV-GPG LD50: 28 MG/KG 
INV-DOG LD50: 40‘MG/KG 
SKIN AND EYE IRRITATION DATA (RTECS) 
SKN-RBT 500 MG MLD 

29CFR1910.1200 OSHA HAZARD COMMUNICATION STANDARD REQUIRES CHEMICAL 
MANUFACTURERS AND IMPORTERS TO ASSESS THE HAZARDS OF CHEMICALS WHICH THEY 
PRODUCE OR IMPORT, AND ALL EMPLOYERS TO PROVIDE INFORMATION TO THEIR 
EMPLOYEES CONCERNING HAZARDOUS CHEMICALS BY MEANS OF A HAZARD 
COMMUNICATION PROGRAM, LABELS AND OTHER.FORMS OF WARNING, MATERIAL SAFETY 
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DATA SHEETS, AND INFORMATION AND TRAINING. REQUIRES DISTRIBUTORS TO 
TRANSMIT REQUIRED INFORMATION TO EMPLOYEES. 

IC 

CL 

RP 

DANGEROUS EXPOSURE: 
NONE SPECIFIED 

COLORLESS TO WHITE CRYSTALS WE. 

INCOMPATIBILITIES: 
CYCLOTETRAMETHYLENETETRANITRAMINE: MERCURY FULMINATE: MAY EASILY INITIATE 
AN EXPLOSION. METAL AZIDES: MAY INITIATE DETONATION. OXIDIZERS 
(STRONG): FIRE AND EXPLOSION HAZARD. EXPOSURE TO HEAT, FRICTION OR SHOCK 

MAY INITIATE DETONATION. THERMAL DECOMPOSITION PRODUCTS ARE HAZARDOUS' 
AND/OR TOXIC. 

CLOTHING: 
EMPLOYERS SHALL PROVIDE AND ENSURE THAT EMPLOYEES USE APPROPRIATE 
PROTECTIVE CLOTHING AND EQUIPMENT NECESSARY TO PREVENT ANY POSSIBILITY OF 
SKIN CONTACT WITH THIS SUBSTANCE. FACE SHIELDS SHALL COMPLY WITH 
29CFR1910.133(A)(2), (A)(4), (A)(5), AND (A)(6). 
EMPLOYERS SHALL ENSURE THAT CLOTHING WHICH HAS HAD ANY POSSIBILITY OF 
BEING CONTAMINATED WITH THIS SUBSTANCE IS PLACED IN CLOSED CONTAINERS FOR 
STORAGE UNTIL IT CAN BE DISCARDED OR UNTIL THE EMPLOYER PROVIDES FOR THE 
REMOVAL OF THE CONTAMINANT FROM THE CLOTHING. IF 'THE CLOTHING IS TO BE 
,LAUNDERED OR OTHERWISE CLEANED TO REMOVE THE CONTAMINANT, THE EMPLOYER 
SHALL INFORM THE PERSON PERFORMING THE OPERATION $OF THE HAZARDOUS 
PROPERTIES OF THE SUBSTANCE. 

WEAR EYE PROTECTION TO PREVENT: 
NO SPECIFIC REQUIREMENT. USE APPROPRIATE SAFETY GCGGLES, AS INDICATED BY 
THE NATURE OF THE CONTAMINANT AND THE LIKELIHOOD IOF EXPOSURE. 

EMPLOYEE SHOULD WASH: . 
EMPLOYERS SHALL ENSURE THAT ALL EMPLOYEES SUBJECT TO SKIN CONTACT WITH 
THIS SUBSTANCE WASH WITH SOAP OR MILD DETERGENT AND WATER ANY AREAS OF 
THE BODY WHICH MAY HAVE CONTACTED THE SUBSTANCE AT THE END OF EACH WORK 
DAY. 
EMPLOYERS SHALL ENSURE THAT EMPLOYEES WHOSE SKIN.BECOMES CONTAMINATED 
WITH THIS SUBSTANCE IMMEDIATELY WASH OR SHOWER WITH SOAP OR MILD 
DETERCENT AND WATER TO REMOVE ANY CONTAMINANT FROM THE SKIN. 

WORK CLOTHING SHOULD BE CHANGED DAILY: 
EMPLOYERS SHALL ENSURE THAT EMPLOYEES WHOSE CLOTHING HAS HAD ANY 
POSSIBILITY OF BEING CONTAMINATED WITH THIS SUBSTANCE CHANGE INTO 
UNCONTAMINATED CLOTHING BEFORE LEAVING THE WORK PREMISES. 

REMOVE CLOTHING: 
EMPLOYERS SHALL ENSURE THAT NON-IMPERVIOUS CLOTHING WHICH BECOMES 
CONTAMINATED WITH THIS SUBSTANCE BE REMOVED IMMEDIATELY AND NOT REWORN 
UNTIL THE SUBSTANCE IS REMOVED FROM THE CLOTHING. 

THE FOLLOWING EQUIPMENT SHOULD BE AVAILABLE: 
WHERE THERE IS ANY POSSIBILITY OF EXPOSURE OF AN EMPLOYEE'S BODY TO THIS 
SUBSTANCE, EMPLOYERS SHALL PROVIDE FACILITIES FOR QUICK DRENCHING OF TH 
BODY WITHIN THE IMMEDIATE WORK AREA FOR EMERGENCY USE. 

RESFIRATOR SELECTION (UPPER LIMIT DEVICES PERMITTED): 
HIGH LEVELS 

- TYPE 'C' SUPPLIED-AIR RESPIIRATOR WITH A FULL FACE-PIECE OPERATED 
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MS 

TO 

SP 

FA 

'IN PRESSURE-DEMAND CR POSITIVE-PRESSURE MODE WITH A FULL FACE-PIECE, 
HELMET, OR HOOD OPERATED IN CONTINUOUS-FLOW MODE 

- SELF-CONTAINED BREATHING APPARATUS WITH A FULL FACE-PIECE 
OPERATED IN PRESSURE-DEMAND OR POSITIVE-PRESSURE MODE 

FIREFIGHTING 
- SELF-CONTAINED :BREATHING APPARATUS WITH A FULL FACE-PIECE 

OPERATED IN PRESSURE-DEMAND OR POSITIVE-PRESSURE MODE 
- SUPPLIED-AIR RESPIRATOR WITH A FULL FACEPIECE OPERATED IN 

PRESSURE-DEMAND OR OTHER POSITIVE PRESSURE MODE WITH AUXILIARY 
SELF-CONTAINED BREATXING APPARATUS OPERATED IN POSITIVE BRESSURE MODE., 

MEDICAL SURVEILLANCE: 
29CFR1910.20 OSHA STAND,ARD SUBPART C - GENERAL SAFETY AND HEALTH 
PROVISIONS PROVIDES FOR EMPLOYEE, DESIGNATED REPRESENTATIVE, AND OSHA 
ACCESS TO EMPLOYER-MAINTAINED EXPOSURE AND MEDICAL RECORDS RELEVANT TO 
EMPLOYEES EXPOSED TO TOXIC SUBSTANCES AND HARMFUL PHYSICAL AGENTS. 
53FR38140 g/29/88 (AMENDED). 
40CFR717 RECORDS AND REPORTS OF ALLEGATIONS THAT CHEMICAL SUBSTANCES 
CAUSE SIGNIFICANT ADVERSE REACTIONS TO HEALTH OR THE ENVIRONMENT TOXIC 
SUBSTANCES CONTROL ACT (TSCA) SECTION 8(C) RULE REQUIRES MANUFACTURERS 
AND CERTAIN PROCESSORS OF CHEMICAL SUBSTANCES AND MIXTURES TO KEEP 
RECORDS OF SIGNIFICANT ADVERSE REACTIONS TO EMPLOYEE HEALTH FOR 30 
YEARS. 
NO INFORMATION AVAILABLE FROM NIOSH/OSHA "OCCUPATIONAL HEALTH GUIDELINES 
FOR CHEMICAL HAZARDS"; ADVISE: GENERAL MEDICAL HISTORY. 
PHYSICIAN PRE-PLACEMENT AND ANNUAL EXAMS. 

ROUTE OF ENTRY: 
INHALATION. INGESTION. SKIN OR EYE CONTACT. 

TARGET ORGANS: 
NO DATA. 

SYMPTOMS: 
EYE, ORGAN OF SIGHT (SCO170); 
IRRITATION, EXTREME REACTION TO A CONDITION (SCOd90). NARCOSIS, STUPOR 
OR SLEEP DUE TO NARCOTIC (SCO113). 
DERMATITIS, INFLAMMATION OF SKIN (SCO044); 
IN EXPERIMENTAL ANIMALS, (SCO212). 
CIRCULATORY, PERTAINING To CIRCULATION (SC0613); 
COLLAPSE, EXTREME PROSTRATION (SCO029). 
IN EXPERIMENTAL ANIMALS, (SCO212). 
CENTRAL NERVOUS SYSTEM, PERTAINING TO NEURAL BODY SYSTEM (SCOOZS). 
DISTURBANCE, INTERRUPTION OF A NORMAL STATE (SCO04'7). 
IN EXPERIMENTAL ANIMALS, (SC0212). 

FIRST AID. 

(1 OF 4) 
IF THIS CHEMICAL GETS INTO THE EYES, WASH THE EYES IMMEDIATELY WITH LARGE 
AMOUNTS OF WATER OR NORMAL SALINE, OCCASIONALLY LIFTING UPPER AND LOWER 
LIDS, UNTIL NO EVIDENCE OF CHEMICAL REMAINS (APPROXIMATELY 15-20 
MINUTES). GET MEDICAL ATTENTION IMMEDIATELY. 

(2 OF 4) 
IF THIS CHEMICAL GETS GN THE SKIN, REMOVE CONTAMINATED CLOTHING AND SHOES 
IMMEDIATELY. WASH AFFECTED AREA WITH SOAP OR MILD DETERGENT AND LARGE 
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AMOUNTS OF WATER UNTIL NO EVIDENCE OF CHEMICAL REMAINS (APPROXIMATELY 
15-20 MINUTES). GET MEDICAL ATTENTION IMMEDIATELY. 

(3 OF 4) 
IF THIS CHEMICAL HAS BEEN INHALED, REMOVE FROM EXPOSURE AREA TO FRESH AIR 
IMMEDIATELY. IF BREATHING HAS STOPPED, PERFORM ARTIFICIAL RESPIRATION. 
KEEP PERSON WARM AND AT REST. TREAT SYMPTOMATICALLY AND SUPPORTIVELY. 
GET MEDICAL ATTENTION IMMEDIATELY. 

(4 OF 4) 
IF THIS CHEMICAL IS INGESTED, TREAT SYMPTOMATICALLY AND SUPPORTIVELY. 
GET MEDICAL ATTENTION IMMEDIATELY. IF VOMITING OCCURS, KEEP HEAD LOWER 
THAN HIPS TO PREVENT ASPIRATION. 

END OF REQUEST 
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Donohue & Assoc. 
WT Search #97300 1, 

1 1 DEC 1991 (9112) 

1 

1 
AN ACCESSION NUMBER: 1655. 9112. 
CN CHEMICAL NAME: LEAD. 
SY SYNONYMS: C.I. PIGMENT METAL 4. C.I. 77575. LEAD FLAKE. KS-4. 

LEAD s2. SI. so. s 1. PLUMBUM. PB-S 100. LEAD ELEMENT. L-18. 
L-24. L-29. L-27. T-134. 

RN CAS NUMBER: 743'9-92-1. 

REG. TOXIC NUMBER: OF7525000. 

CHEMICAL FORMULA: PB. 
PD 

PHYSICAL DESCRIPTION: 
BLUISH-WHITE, SILVERY G:RAY, HEAVY MALLEABLE METAL. 

MOL WT: 
BOILING PT: 
SOLUBILITY: 
FLASH PT: 
VAPOR PRES: 
MELT PT: 
UEL IN AIR: 
LEL IN AIR: 
MEC IN AIR: 
SPEC GRAVITY: 
VAPOR DENSITY: 
ODOR THRESHOLD: 

207.19 
3164 F (1740 C) 
INSOLUBLE 
NONCOMBUSTIBLE SO:LID 
1.3 MMHG @ 970 C 
622 F (328 C) 
NOT AVAILABLE 
NOT AVAILABLE 

11.3 

OCTANOL/WATER CO-EFFICIENT:. 
EL 

PERMISSABLE EXPOSURE: 
50 UG(PB)/M3 OSHA TWA; 30 UG(PB)/M3 OSHA TWA ACTICN LEVEL 
IF AN EMPLOYEE IS EXPOSED TO LEAD FOR MORE THAN 8 :KOURS PER DAY THE 
FOLLOWING FORMULA IS USED: 
MAXIMUM PERMISSIBLE LIMIT (IN UG/M3)= 400 DIVIDED :BY HOURS WORKED 
0.15 MG(PB)/M3 ACGIH TWA 
co.10 MG(PB)/M3 NIOSH RECOMMENDED 10 HOUR TWA 
HUMAN INADEQUATE EVIDENCE FOR CARCINOGENICITY (IARC GROUP-2B) 
ANIMAL SUFFICIENT EVIDENCE FOR CARCINOGENICITY (IARC GROUP-2B) 
REPRODUCTIVE EFFECTS DATA (RTECS); MUTAGENIC DATA (RTECS) 
CERCLA HAZARD RATINGS - TOXICITY 3 - IGNITABILITY 0 - REACTIVITY 0 - 
PERSISTENCE 3 
TOXICOLOGY: LEAD MAY BE IRRITATING TO THE EYES AND SKIN. THERE IS 
INSUFFICIENT DATA TO QUANTIFY THE TOXICITY. IT IS A NEUROTOXIN, 
NEPHROTOXIN AND TERATOGEN. POISONING MAY ALSO AFFECT THE BLOOD, HEART, . 
ENDOCRINE AND IMMUNE SYSTEMS. THE FATAL DOSE OF ABSORBED LEAD IS 
APPROXIMATELY 0.5 GRAMS. ACUTE EXPOSURES MAY RESULT IN METAL FUME FEVER 
WHILE CHRONIC EXPOSURE MAY RESULT IN "PLUMBISM" AND AN ACCUMULATION IN 

u BODY TISSUES. REPRODUC!TIVE EFFECTS HAVE BEEN EXHIBITED IN BOTH MALES 
AND FEMALES. PATERNAL EFFECTS MAY INCLUDE DECREASED SEX DRIVE, 

.IMPOTENCE, STERILITY AND ADVERSE EFFECTS ON THE SPERM WHICH MAY 
INCREASE THE RISK OF BIRTH DEFECTS. MATERNAL EFFECTS MAY INCLUDE 
MISCARRIAGE AND STILLBIiRTHS IN EXPOSED WOMEN OR WOMEN WHOSE HUSBANDS 
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WERE EXPOSED, ABORTION, STERILITY OR DECREASED FERTILITY, AND ABNORMAL 
MENSTRUAL CYCLES. RENAL TUMORS WERE PRODUCED IN ANIMALS BY LEAD 
ACETATE, SUBACETATE AND PHOSPHATE WHEN GIVEN ORALLY. NO EVALUATION 
COULD BE MADE OF THE CARCINOGENICITY OF POWDERED LEAD. 
DUE TO THE LACK OF INFORMATION ON ODOR THRESHOLD AND EYE IRRITATION 
LEVELS, INORGANIC LEAD IS TREATED AS A MATERIAL WITH POOR WARNING 
PROPERTIES. THE THRESHOLD LIMIT VALUE WAS ESTABLISHED BASED ON SYSTEMIC 
EFFECTS. 
PERSONS WITH NERVOUS SYSTEM OR GASTROINTESINAL DISRODERS, ANEMIA OR 
CHRONIC BRONCHITIS MAY BE AT AN INCREASED RISK FROM EXPQSURE. LEAD 
MAY CROSS THE PLACENTA AND AFFECT THE FETUS CAUSING BIRTH DEFECTS. 
ORL-WMN TDLO: 450 MG/KG/6 Y IHL-HMN TDLO: 10 UG/M3 

OSHA STANDARD 1910.1200 HAZARD COMMUNICATION REQUIRES CHEMICAL 
MANUFACTURERS AND IMPORTERS TO ASSESS THE HAZARDS OF CHEMICALS WHICH THEY 
PRODUCE OR IMPORT, AND'ALL EMPLOYERS TO PROVIDE INFORMATION TO THEIR 
EMPLOYEES CONCERNING HAZARDOUS CHEMICALS BY MEANS OF A HAZARD 
COMMUNICATION PROGRAM, LABELS AND OTHER FORMS OF WARNING, MATERIAL SAFETY 
DATA SHEETS, AND INFORMATION AND TRAINING. REQUIRES DISTRIBUTORS TO 
TRANSMIT REQUIRED INFORMATION TO EMPLOYEES. 

DANGEROUS EXPOSURE: 
700 MG/M3 OSHA/NIOSH 

BLUISH-WHITE, SILVERY GRAY, HE. 
IC 

INCOMPATIBILITIES: 
LEAD: AMMONIUM NITRATE: VIOLENT OR EXPLOSIVE REACTION. CHLORINE 
TRIFLUORIDE: VIOLENT REACTION. DISODIUM ACETYLIDE: TRITURATION IN MORTAR 
MAY BE VIOLENT AND LIBERATE CARBON. HYDROGEN PEROXIDE (52% OR GREATER): 
VIOLENT DECOMPOSITION. HYDROGEN PEROXIDE (60% SOLUTION) AND TRIOXIANE: 
SPONTANEOUSLY DETONABLE. METALS (ACTIVE): INCOMPATIBLE. NITRIC ACID: 
LEAD-CONTAINING RUBBER MAY IGNITE. OXIDIZERS (STRONG): INCOMPATIBLE. 
SODIUM AZIDE: FORMS LEAD AZIDE AND COPPER AZIDE IN COPPER PIPE. SODIUM 
CARBIDE: VIGOROUS REACTION. SULFURIC ACID (HOT): REACTS. ZIRCONIUM-LEAD 
ALLOYS: IGNITION ON IMPACT. 

CL 
CLOTHING: 

29CFR1910.1025 LEAD THE EMPLOYERS SHALL ASSURE THAT EMPLOYEES WHO ARE 
EXPOSED TO LEAD ABOVE THE PERMISSIBLE EXPOSURE LEVEL, WITHOUT REGARD TO 
THE USE OF RESPIRATORS OR WHERE THE POSSIBILITTY OF SKIN OR EYE 
IRRITATION EXISTS, BE I?ROVIDED WITH COVERALLS OR SIMILAR FULL-BODY WORK 
CLOTHING, GLOVES, HATS AND SHOES OR DISPOSABLE SHOE COVERLETS, 
FACESHIELDS, VENTED GOGGLES OR OTHER APPROPRIATE PROTECTIVE EQUIPMENT. 

WEAR EYE PROTECTION TO PREVENT: 
29CFR1910.1025 LEAD THE EMPLOYERS SHALL ASSURE THAT EMPLOYEES WEAR 
FACESHIELDS, VENTED GOGGLES OR OTHER APPROPRIATE FROTECTIVE EQUIPEMENT 
WHICH COMPLIES WITH 29CFR1910.133. 

EMPLOYEE SHOULD WASH: 
29CFR1910.1025 LEAD THE EMPLOYER SHALL ASSURE THAT EMPLOYEES WHO WORK IN 
AREAS WHERE THEIR AIRBORNE EXPOSURE TO LEAD IS ABOVE THE PERMISSIBLE 
EXPOSURE LEVEL, WITHOUT REGARD TO THE USE OF A RESPIRATOR, WASH THEIR 
HANDS AND FACE PRIOR TO EATING, DRINKIND OR APPLYING COSMETICS AND SHOWET 
AT THE END OF THE WORKSHIFT. 

WORK CLOTHING SHOULD BE CHANGED DAILY: 
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29CFR1910.1025 LEAD THE EMPLOYER SHALL ASSURE THAT ALL PROTECTIVE 
CLOTHING IS REMOVED AT THE COMPLETION OF A WORKSHIFT ONLY IN CHANGE ROOMS 

-PROVIDED FOR THAT PURPOSE. 

REMOVE CLOTHING: 
NO SPECIFIC REGULATIONS UNDER 29CFR1910. 
FOLLOWING INFORMATION FROM NIOSH/OSHA "OCCUPATIONAL HEALTH GUIDELINES FOR 
CHEMICAL HAZARDS": 
EMPLOYERS SHALL ENSURE THAT NON-IMPERVIOUS CLOTHING WHICH BECOMES 
CONTAMINATED WITH THIS SUBSTANCE BE REMOVED PROMPTLY AND NOT REWORN UNTIL 
THE SUBSTANCE IS REMOVED FROM THE CLOTHING. 

THE FOLLOWING EQUIPMENT SHOULD BE AVAILABLE: 
NO SPECIFIC REQUIREMENT, IF INDICATED BY THE NATURE OF THE SUBSTANCE AND 
THE PROBABILITY OF EXPOSURE, PROVIDE AN EYE WASH AND FACILITIES FOR QUICK 
DRENCHING OF THE BODY WITHIN THE IMMEDIATE WORK AREA FOR EMERGENCY USE. 

RP 
RESPIRATOR SELECTION (UPPER LIMIT DEVICES PERMITTED): 
LEAD 

THE FOLLOWING RESPIRATORS ARE THE MINIMUM LEGAL REQUIREMENTS AS SET 
FORTH BY THE OCCUPATIONAL SAFETY AND HEALTH ADMINISTRATION FOUND IN 
29CFR1910, SUBPART Z. NOT IN EXCESS OF 0.5 MG/M3 (10X PEL) - HALF-MASK, 
AIR-PURIFYING RESPIRATOR EQUIPPED WITH HIGH-EFFICIENCY FILTERS NOT IN 
EXCESS OF 2.5 MG/M3 (50X PEL) - FULL FACEPIECE, AIR-PURIFYING RESPIRATOR 
WITH HIGH-EFFICIENCY FILTERS NOT IN EXCESS OF 50 MG/M3 - ANY POWERED 
AIR-PURIFYING RESPIRATOR WITH HIGH-EFFICIENCY FILTERS - HALF-MASK 
SUPPLIED-AIR RESPIRATOR OPERATED IN POSITIVE PRESSURE MODE NOT IN EXCESS 

I, OF 100 MG/MG (2000X PEL) - SUPPLIED-AIR RESPIRATORS WITH FULL FACEPIECE, 
HOOD OR HELMET OR SUIT, OPERATED IN POSITIVE PRESSURE MODE GREATER THAN 
100 MG/M3, UNKNOWN CONCENTRATIONS OR FIREFIGHTING -. FULL FACEPIECE, 
SELF-CONTAINED BREATHING APPARATUS OPERATED IN POSTTIVE PRESSUE MODE 
(RESPIRATORS SPECIFIED FOR HIGHER CONCENTRATIONS CAN BE USED A LOWER 
CONCENTRATIONS OF LEAD). (FULL FACEPIECE IS REQUIRED IF THE LEAD AEROSOLS 
CAUSE EYE AND SKIN IRRITATION AT THE USE CONCENTRATIONS.) (A HIGH 
EFFICIENCY PARTICWLATE FILTER MEANS 99.97% EFFICIENT AGAINST 0.3 MICRON 
PARTICLES) THE FOLLOWING RESPIRATORS AND MAXIMUM USE CONCENTRATIONS ARE 
RECOMMENDATIONS BY THE lJ.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES, 
NIOSH POCKET GUIDE TO CHEMICAL HAZARDS OR NIOSH CRITERIA DOCUMENTS. 

0.5 MG(PB)/M3 
- SUPPLIED-AIR RE6PIRATOR 
- AIR-PURIFYING RESPIRATOR WITH A HIGH-EFFICIENCY PARTICULATE 

FILTER 
- SELF-CONTAINED 13REATHING APPARATUS 

1.25 MG(PB)/M3 
- POWERED AIR-PURIFYING RESPIRATOR WITH A TIGHT-FITTING FACEPIECE 

AND HIGH-EFFICIENCY PARTICULATE FILTER 
- .SUPPLIED-AIR RESPIRATOR OPERATED IN CONTINlJOUS FLOW MODE 

2.5 MG(PB)/M3 
- AIR-PURIFYING FULL FACEPIECE RESPIRATOR WITH A HIGH-EFFICIENCY 

PARTICULATE FILTER 
- POWERED AIR-PURIFYING RESPIRATOR WITH A TIGHT-FITTING FACEPIECE 

AND HIGH-EFFICIENCY PARTICULATE FILTER 
. . - SELF-CONTAINED BREATHING APPARATUS WITH A I'ULL FACE-PIECE 

- SUPPLIED-AIR RESPIRATOR 
WITH A FULL FACE-PIECE 
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- SUPPLIED-AIR RESPIRATOR WITH A TIGHT-FITTING FACEPIECE OPERATED 

IN A CONTINUOUS FLOW MODE 

50 MG(PB)/M3 
- SUPPLIED-AIR RESPIRATOR WITH HALF-MASK OPERATED IN 

PRESSURE-DEMAND OR OTHER POSITIVE PRESSURE MODE 

100 MG(PB)/M3 
- SUPPLIED-AIR RESPIRATOR WITH FULL FACEPIECE OPERATED IN 

PRESSURE-DEMAND OR OTHER POSITIVE PRESSURE MODE 

ESCAPE 
- AIR-PURIFYING FULL FACEPIECE RESPIRATOR WITH A HIGH-EFFICIENCY 

PARTICULATE FILTER 
- APPROPRIATE ESCAPE-TYPE SELF-CONTAINED BREATHING APPARATUS 

. . 
FIREFIGHTING 

- SELF-CONTAINED BREATHING APPARATUS WITH A FULL FACE-PIECE 
OPERATED IN PRESSURE-DEMAND OR POSITIVE-PRESSURE MODE. 

MS 
MEDICAL SURVEILLANCE: 
29CFR1910.1025 THE OCCUPATIONAL SAFETY AND HEALTH ADMINISTRATION REQUIRES 
EMPLOYERS TO PROVIDE A MEDICAL SURVEILLANCE PROGRAM FOR ALL EMPLOYEES WHO 
ARE OR MAY BE EXPOSED TO LEAD ABOVE THE ACTION LEVEL FOR MORE THAN 30 
DAYS PER YEAR THIS MEDICAL SURVEILLANCE PROGRAM SHALL CONSIST OF: (1) 
INITIAL MEDICAL EXAMINATION INCLUDING: (A) WORK HISTORY (B) MEDICAL 
HISTORY WITH PARTICULAR ATTENTION TO: (1) PAST LEAD EXPOSURE 
(OCCUPATIONAL AND NON-OCCUPATIONAL) (2) PERSONAL HABITS (SMOKING, 
HYGIENE) (3) PAST GASTROINTESTINAL, HEMATOLOGIC, RENAL, REPRODUCITVE, 
CARDIOVASCULAR AND NEUROLOGIC PROBLEMS (C) PHYSICAL EXAMINATION (1) WITH 
PARTICULAR ATTENTION TO:: (A) TEETH AND GUMS (B) HEMATOLOGIC SYSTEM (C) 
GASTROINTESTINAL SYSTEM (D) KIDNEYS (E) CARDIOVASCXJLAR SYSTEM (F) 
NEUROLOGICAL SYSTEM (G) PULMONARY STATUS IF RESPIRATORY PROTECTION WILL 
BE USED (2) BLOOD PRESSURE MEASUREMENT (3) BLOOD SAMPLE AND ANALYSIS 
DETERMINING: (A) BLOOD LEAD LEVEL (B) HEMOGLOBIN AND HEMATOCRIT 
DETERMINATIONS, RED CELL INDICES, EXAM OF PERIPHERAL SMEAR MORPHOLOGY (C) 
ZINC PROTOPORPHYRIN (D) BLOOD UREA NITROGEN (E) SERUM CREATININE (4) 
URINALYSIS WITH MICROSCOPIC EXAM (5) ANY LABORATORY OR OTHER TEST DEEMED 
NECESSARY BY THE PHYSICIAN (2) PERIODIC EXAMINATIONS (A) BLOOD LEAD AND 
ZPP LEVEL TESTS AND ANALYSIS: (1) EVERY 6 MONTHS FOR EACH EMPLOYEE 
EXPOSED ABOVE THE ACTION LEVEL FOR MOR THAN 30 DAYS PER YEAR (2) AT LEAST 
EVERY 2 MONTHS FOR EACH EMPLOYEE WHOSE LAST BLOOD !%MPLING AND ANALYSIS 
INDICATED A BLOOD LEVEL AT OR ABOVE 40 UG/lOO G OF WHOLE BLOOD. THIS 
FREQUENCY SHALL CONTINUE UNTIL 2 CONSECUTIVE BLOOD SAMPL~ES AND ANALYSES 
INDICATE A BLOOD LEAD LEVEL BELOW 40 UG/lOO G OF WHOLE BLOOD (3) AT LEAST 
MONTHLY DURING THE REMOVAL PERIOD OF EACH EMPLOYEE REMOVED FROM EXPOSURE 
TO LEAD DUE TO AN ELEVATED BLOOD LEAD LEVEL (B) ALIL TESTS CONDUCTED IN 
INITIAL EXAMINATION: (1) AT LEAST ANNUALLY FOR EACH EMPLOYEE FOR WHOM A 
BLOOD SAMPLING TEST CONDUCTED AT ANY TIME DURING THE PRECEDING 12 MONTHS 
INDICATED A BLOOD LEAD LEVEL AT OR ABOVE 400 UG/lOO G (2) PRIOR TO 
ASSIGNMENT FOR EACH EMPLOYEE BEING ASSIGNED FOR THE FIRST TIME TO AN AREA 
IN WHICH AIRBORNE CONCENTRATIONS OF LEAD ARE AT OR ABOVE: THE ACTION LEVEL 
(3) AS SOON AS POSSIBLE, UPON NOTIFICATION BY AN EMPLOYEE HAS DEVELOPED 
SIGNS OR SYMPTOMS ASSOCIATED WITH LEAD INTOXICATION, THAT THE EMPLOYEE 
DESIRES MEDICAL ADVICE CONCERNING THE EFFECTS OF CURRENT OR PAST EXPOSURE 

.TO LEAD ON THE EMPLOYEES ABILITY TO PROVIDE A HEALTHY CHILD, OR THAT 
EMPLOYEE HAS DEMONSTRATED DIFFICULTY IN BREATHING IDURINE A RESPIRATORY 
FITTING TEST OR DURING USE (4) AS MEDICALLY APPROFRIATE FOR EACH EMPLOYEE 
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EITHER REMOVED FROM EXPOSURE TO LEAD DUE TO A RISK OF SUSTAINING MATERIAL 
IMPAIRMENT TO HEALTH, OR OTHERWISE LIMITED PURSUANT TO A FINAL MEDICAL 

"'DETERMINATION. 
.9CFR1910.20 OSHA STANDARD SUBPART C - GENERAL SAFETY AND HEALTH 

PROVISIONS PROVIDES FOR EMPLOYEE, DESIGNATED REPRESENTATIVE, AND OSHA 
ACCESS TO EMPLOYER-MAINTAINED EXPOSURE AND MEDICAL RECORDS RELEVANT TO 
EMPLOYEES EXPOSED TO TOXIC SUBSTANCES AND HARMFUL PHYSICAL AGENTS.. 
53FR38140 g/29/88 (AMENDED). 
4OCFR717 RECORDS AND REPORTS OF ALLEGATIONS THAT CHEMICAL SUBSTANCES 
CAUSE SIGNIFICANT ADVERSE REACTIONS TO HEALTH OR THE ENVIRONMENT TOXIC 
SUBSTANCES CONTROL ACT (TSCA) SECTION 8(C) RULE REQUIRES MANUFACTURERS 
AND CERTAIN PROCESSORS OF CHEMICAL SUBSTANCES AND MIXTURES TO KEEP 
RECORDS OF SIGNIFICANT ADVERSE REACTIONS TO EMPLOYEE HEALTH FOR 30 
YEARS. 
OTHER MEDICAL SURVEILLANCE RECOMMENDED: ACGIH BIOLOGICAL EXPOSURE INDICES 
FOR LEAD: 50 UG/lOO ML'LEAD IN BLOOD /<TIMING -NOT CRITICAL 150 UG/G 
CREATINE LEAD IN URINE / TIMING -NOT CRITICAL 250 UG/lOO ML ERYTHROCYTES 
OF 100 UC/l00 ML BLOOD ZINC PROTOPORPHYRIN IN BLOOD / TIMING -AFTER ONE 
MONTH EXPOSURE. 

RE 
ROUTE OF ENTRY: 
INHALATION. INGESTION. SKIN OR EYE CONTACT. 

TO 
TARGET ORGANS: 
CENTRAL NERVOUS SYSTEM. CARDIOVASCULAR SYSTEM. GASTROINTESTINAL. 
KIDNEYS. REPRODUCTIVE SYSTEM. GINGIVAL TISSUE. BLOOD. 

SP 
SYMPTOMS: 
SKIN, COVERING OF BODY (SC0174); 
IRRITATION, EXTREME REACTION TO A CONDITION (SCOOSO). 
EYE, ORGAN OF SIGHT (SCO170); 
IRRITATION, EXTREME REACTION TO A CONDITION (SCOOSQ). SALIVATION, EXCESS 
DISCHARGE OF SALIVA (SC0146). VOMITING, PERTAINING TO NAUSEA (SC0166). 
DIARRHEA, UNCONTROLLED LOOSE BOWELS (SCO046). CONSTIPATION, DIFFICULT, 
INFREQUENT DEFECATION (SCO032). FATIGUE, TIREDNESS, SLUGGISH (SCO066). 
SLEEP DISORDERS, CHANGE IN NORMAL SLEEP PATTERNS (SCO599). IRRITABILITY 
QUICK EXCITABILITY TO ANNOYANCE (SCOOSl). MEMORY DEFECTS, IMPERFECTION 
IN RECOLLECTION ABILITY (SCOS85). INABILITY TO CONCENTRATE, INABILITY TO 
FOCUS ONE'S THOUGHTS (SC0586). DELIRIUM, STATE OF DISORIEMTATION, 
CONFUSION (SCO288). PARESTHESIA, ABNORMAL SENSATION WITHOUT CAUSE 
(SC0125). 
MUSCLE, TISSUE RESPONSIBLE FOR MOTION (SC0623); 
PAIN, SUFFERING, EITHER PHYSICAL OR MENTAL (SC0182). WEAKNESS, LACK OF 
STRENGTH (SC0167). 
LIVER, BILE-SECRETING GLANDULAR ORGAN (SCO620); 
EFFECTS, SIGNS AND SYMPTOMS (SC0579). THIRST, DESIRE FOR WATER (SCO210). 
LETHARGY, SLUGGISHNESS (SCO595). HEADACHE, PAIN IN HEAD OR CRANIUM AREA 
(SCOO75). SWEATING, EXCRETING MOISTURE THROUGH THE SKIN (SCO156). 
EXCESSIVE, SUPERFLUOUS (SC0737); 
URINATION, DISCHARGE OF URINE FROM BODY (SC0617). PROSTRATION, MARKED 
LOSS OF STRENGTH, EXHAUSTION (SC0139). FEVER, BODY TEMPERATURE ABOVE 
NORMAL (SCO067). CHILLS, A SHIVERING OR SHAKING (SC0736). PALLOR, 
PALENESS, AS OF THE SKIN (SC0122). FATIGUE, TIREDNESS, SLUGGISH 

' (SCOO66). WEIGHT LOSS, DROP IN BODY WEIGHT (SCO104). APATHY, LACK OF 
FEELING OR EMOTION (SCOOOS). GINGIVAL BLACK LINE, BLACK LINE ON GUMS 
(SCO207). ANEMIA, RED BLOOD CELLS LESS THAN NORMAL (SCOOO4). MYALGIA, 

‘MUSCLE PAIN OR TENDERNESS (SC0526). 
ABDOMINAL, SECTION BETWEEN THORAX AND PELVIS (SCO750); 
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PAIN, SUFFERING, EITHER PHYSICAL OR MENTAL (SC0182). ATAXIA, MUSCULAR 
INCOORDINATION (SCO013). STUPOR, LETHARGY, UNCONSCIOUSNESS (SCO214). 
VISUAL DISTURBANCE, UPSET IN SIGHT (SC0165). ENCEPHALOPATHY, ERAIN 
DYSFUNCTION; BRAIN DISEASE (SC0336). DELIRIUM, STATE OF DISORIENTATION, 
CONFUSION (SC0288). MENTAL DISORDER, PSYCHIC DISTURBANCE (SCO608). 
SEIZURE, CONVULSION (SC0149). HYPERTENSION, HIGH BLOOD PRESSURE 
(SCO177). 
CRANIAL NERVE, NERVE ARISING FROM THE BRAIN (SC0342); 
PARALYSIS, LOSS OF POWER OF VOLUNTARY MOVEMENT (SCOl.24). KIDNEY DAMAGE 
INJURY TO THE KIDNEY (SCOZZO). CONVULSIONS, SUDDEN MUSCLE CONTRhCTIONS 
(SCOO34). REPRODUCTIVE EFFECTS, BIRTH DEFECTS (SCO281). 
KIDNEY, POST-PERITONEUM ORGAN FOR URINE WASTE(SC0094); 
TUMORS, BENIGN OR CANCEROUS ENLARCEMENTS (SC0578). 

FA 
FIRST AID. 

(1 OF 5) 
IF THIS CHEMICAL GETS INTO THE EYES, WASH THE EYES IMMEDIATELY WITH LARGE 
AMOUNTS OF WATER OR NORMAL SALINE, OCCASIONALLY LIFTING UPPER AND LOWER 
LIDS, UNTIL NO EVIDENCE OF CHEMICAL REMAINS (APPROXIMATELY 15-20 
MINUTES). GET MEDICAL ATTENTION IMMEDIATELY. 

(2 OF 5) 
IF THIS CHEMICAL GETS ON THE SKIN, REMOVE CONTAMINATED CLOTHING AND SHOES 
IMMEDIATELY. WASH AFFECTED AREA WITH SOAP OR MILD DETERGENT AND LARGE 
AMOUNTS OF WATER UNTIL NO EVIDENCE OF CHEMICAL REMAINS (APPROXIMATELY 
15-20 MINUTES). GET MEDICAL ATTENTION IMMEDIATELY. 

(3 OF 5) 
IF THIS CHEMICAL HAS BEEN INHALED, REMOVE FROM EXPOSURE AREA TO FRESH AIR 
IMMEDIATELY. IF BREATHING HAS STOPPED, PERFORM ARTTFICIAL RESPIRATION. 
KEEP PERSON WARM AND AT REST. TREAT SYMPTOMATICALLY AND SUPPORTIVELY. 
GET MEDICAL ATTENTION IMMEDIATELY. 

(4 OF 5) 
INGESTED LEAD COMPOUNDS: REMOVE INGESTED POISON BY GASTRIC UVAGE WITH 
DILUTE MAGNESIUM SULFATE OR SODIUM SULFATE SOLUTION OR BY EMESIS. TREAT 
CEREBRAL EDEMA WITH MANNITOL AND PREDNISOLONE OR OTHER CORTICOSTEROID. 
GET MEDICAL ATTENTION IMMEDIATELY. ANTIDOTE: INITIATE URINE FLOW. GIVE 
10% DEXTROSE IN WATER INTRAVENOUSLY, lo-20 ML/KG, FOR ONE TO TWO HOURS. 
IF URINE FLOW DOES NOT START, GIVE 20% SOLUTION OF :MANNITOL, 5-10 ML/KG 
INTRAVENOUSLY, OVER TWENTY MINUTES. LIMIT FLUID TO REQUIREMENTS, AND 
CATHETERIZATION MAY BE NECESSARY IN COMA. DAILY URINE OUTPUT SHOULD BE 
350-500 ML/M2/24 HOURS. EXCESSIVE FLUIDS FURTHER INCREASE CEREBRAL 
EDEMA. FOR ADULTS WITH ACUTE ENCEPHALOPATHY, GIVE DIMERCAPROL, 4 MG/KG, 
INTRAMUSCULARLY EVERY 4 HOURS FOR 30 DOSES. BEGINNING 4 HOURS LATER, 
GIVE CALCIUM DISODIUM EDETATE AT A SEPERATE INJECTION SITE, 12.5 MG/KG 
INTRAMUSCULARLY EVERY 4 HOURS AS A 20% SOLUTION, WITH 0.5% PROCAINE 
ADDED, FOR A TOTAL OF 30 DOSES. IF SIGNIFICANT IMPROVEMENT HAS NOT 

' OCCURRED BY THE FOURTH DAY, INCREASE THE NUMBER OF INJECTIONS BY 10 FOR 
EACH DRUG. FOR SYMPTOMATIC ADULTS, THE COURSE OF DIMERCAPROL AND CALCIUM 
DISODIUM EDETATE CAN BE SHORTENED OR CALCIUM DISODIUM EDETATE ONLY CAN BE 
GIVIN IN A DOSAGE OF 50 MG/KG INTRAVENOUSLY AS 0.5%; SOLUTION IN 5% 
DEXTROSE IN WATER OR NORMAL SAILINE BY INFUSION OVER NOT LESS THAN 8 
HOURS FOR NOT MORE THAN 5 DAYS. FOLLOW WITH PENICILLAMINE, 500-750 
MG/DAY, ORALLY FOR l-2 MONTHS OR UNTIL URINE LEAD LEVELS DROPS BELOW 0.3 
MG/24 HOURS. (DREISBACH, HANDBOOK OF POISONING, 12TH EDITION.) PROCEDURE 
MUST BE PERFORMED BY QUALIFIED MEDICAL PERSONNEL. 
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(5 OF 5) 
GASTRIC LAVAGE - GIVE PATIENT GLASS OF WATER PRIOR TO PASSING OF STOMACH 
tUBE. LAY PATIENT ON ONE SIDE, WITH HEAD LOWER THAN WAIST. IMMOBILIZE 
A STRUGGLING PATIENT WITH A SHEET OR BLANKET. MEASURE DISTANCE ON TUBE 
FROM MOUTH TO EPIGASTRIUM, MARK TUBE WITH INDELIBLE MARKING OR TAPE. 
REMOVE DENTURES AND OTHER FOREIGN OBJECTS FROM THE MOUTH. OPEN MOUTH, 
USE GAG IF NECESSARY. EXTEND HEAD BY LIFTING CHIN. PASS TUBE OVER 
TONGUE AND TOWARD BACK OF THROAT WITHOUT EXTENDING HEAD OR NECK. IF 
OBSTRUCTION IS MET BEFORE THE MARK ON TUBE REACHES LEVELS OF THE TEETH, 
DO NOT FORCE, BUT REMOVE TUBE AND REPEAT PROCEDURE UNTIL TUBE PASSES TO 
MARK. PLACE END OF TUBE IN GLASS OF WATER. IF TUBE IS OBSTRUCTED WHEN 
INTRODUCED ABOUT HALFWAY TO THE MARK, IT MAY HAVE ENTERED TRACHEA. AFTER 
TUBE IS PLACED IN STOMACH, ASPIRATE FIRST TO REMOVE STOMACH CONTENTS BY 
IRRIGATION SYRINGE. SAVE STOMACH CONTENTS FOR EXAMINATION, AND REPEAT 
INTRODUCTION AND WITHDRAWL OF 100-300 ML WARM WATER UNTIL AT LEAST 3 
LITERS OF CLEAR RETURN ARE OBTAINED. USE ACTIVATED CHARCOAL AT BEGINNING 
OF LAVAGE TO AID IN POISON INACTIVATION. LEAVE 50 GRAMS OF CHARCOAL 
SUSPENDED IN WATER IN THE STOMACH. IF INTRODUCTION AND REMOVAL OF LAVAGE 
FLUID BY GRAVITY REQUIRES MORE THAN FIVE MINUTES, ASSIST WITH ASEPTO 
SYRINGE. PREVENT ASPIRATION WITH CUFFED ENDOTRACHEAL TUBE. AVOID GIVING 
LARGE QUANTITIES OF WATER. IF PATIENT COMATOSE, INTUBATE TRACHEA WITH 
CUFFED ENDOTRACHEAL TUBE. SUCCINYLCHLORINE MAY BE ADMINISTERED BY 
QUALIFIED MEDICAL PERSONNEL TO EASE INSERTION OF TRACHEAL CATHETER PRIOR 
TO PASSAGE OF STOMACH TUBE. PROCEDURE MUST BE PERFORMED BY QUALIFIED 
MEDICAL PERSONNEL. (DREISBACH, HANDBOOK OF POISONING, 12TH ED.). 

SPECIAL DIAGNOSTIC TESTS AND INDEXES OF EXPOSURE: 
COMPLETE BLOOD COUNT. 
URINALYSIS. 
BLOOD LEAD. 
URINE LEAD AS EXPOSURE INDEX. 
BLOOD ERYTHROCYTE PROTOPORPHYRIN BLOOD ERYTHOCYTE GAMMA-AMINOLEVULINIC 
ACID DEHYDRATASE URINE LEAD EXCRETION >0.08 MG/DAY URINE COPROPORPHYRIN 
>0.8 MG/L URINE GAMMA-AMINOLEWLINIC ACID >6 MG/L. 

REGULATORY STATUS. 

(1 OF 44) 
***********************+************************************************* 
FEDERAL REGULATIONS 
*************************************************************************. 

(2 OF 44) 
OSHA STANDARD 1910.1200 HAZARD COMMUNICATION REQUIRES CHEMICAL 
MANUFACTURERS AND IMPORTERS TO ASSESS THE HAZARDS OF CHEMICALS WHICH THEY 
PRODUCE OR IMPORT, AND ALL EMPLOYERS TO PROVIDE INFORMATION TO THEIR 
EMPLOYEES CONCERNING HAZARDOUS CHEMICALS BY MEANS OF A HAZARD 
COMMUNICATION PROGRAM, LABELS AND OTHER FORMS OF WARNING, MATERIAL SAFETY 
DATA SHEETS, AND INFORMATION AND TRAINING. REQUIRES DISTRIBUTORS TO 
TRANSMIT REQUIRED INFORMATION TO EMPLOYEES. 

(3 OF 44) 
OSHA STANDARD 29CFR1910.1025 LEAD. 

(4 OF 44) 
OSHA STANDARD 29CFR1910.252 WELDING, CUTTING, AND BRAZING. 
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ACCESSION NUMBER: 1843. 9201. 
CHEMICAL NAME: MER-q. 
SYNONYMS: METALLIC MERCURY. INORGANIC 24ERCURY. MERCURY, METALLIC. 
MZZCURY, INORGANIC: QmcKsILvER. coLLmDoLMERCuRY. NCI-C60399. 
EEDRARGYRUM. RCRA U&51. UN 2809. ELEMENTAt KERCURY. 
CAS NUMBER: 7439-97-6. ._ 

REG. TOXIC NUMBER: ov455oooo. 

CHEMICAL FORHULA: HG. 

PHYSICAL DESCRIPTION: 
ODORLESS; SILVERY LIQUID WITH A METALLIC LUSTER. 

MOL WT: 
BOILING PT: 
soLwILITY: 
FIJkSHPT: 
VAPOR PRES: 
MELT PT: 
UEL IN AIR: 
LEL IN AIR: 
MIX IN AIR: 

200.59 
674 F (357 ,C) 
INSOLUBLE 
NONFLAMMABLE LIQUID 
0.002 MHHG @ 25 C 
-38 F (-39 C) 

NOT AVAILABLE 

. . . - - 
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SFEC GRAVITY: ' 13.5939 
VAPOR DENSITY: 7.0 
ODOR THRESHOLD: 
OCTANOL/WATER CO-EFFICIENT:. 

PERMISSABLE EXPOSURE: 
0.05 MG(HG)/M3 OSHA TWA (VAPOR); 0.1 MG(HG)/M3 OSHA CEILING (SKIN) 
0.05 MG(HG)/M3 ACGIH TWA (VAPOR); 0.1 MG(HG)/M3 ACGIH TWA (SKIN) 
0.05 MG(HG)/M3 NIOSH RECOMMENDED 10 HR TWA (SKIN) 
TUMORIGEHIC DATA (RTECS) 
REPRODUCTIVE EFFECTS DATA (RTECS) 
MUTAGENIC DATA (RTECS) 
CERCLA HAZARD RATINGS - TOXICITY 3 - IGNITABILITY 0 - REACTIVITY 0 - 
PERSISTENCE 3 
TOXICOLOGY: MERCURY IS A MUCOUS MEMBRANE IRRITANT AND A SKIN AND 
PULMONARY SENSITIZER. THERE IS INSUFFICIENT DATA TO FULLY QUANTIFY THE 
TOXICITY. IT IS A NEUROTOXIN AND NEPBROTOXIN. POISONING MAY ALSO AFFECT 
THE RESPIRATORY AND GASTROINTESTINAL SYSTEMS. METAL FUME FEVER, AN 
INFLUENZA-LIKE ILLNESS, MAY OCCUR DUE TO THE INHALATION OF FRESHLY 
FORMED METAL OXIDE PARTICLES SIZED USUALLY BETWEEN 0.02-0.05 MICRONS. 
SYMPTOMS MAY BE DELAYE:D 4-12 HOURS AND BEGIN WITH A SUDDEN ONSET. 
REPEATED EXPOSURE MAY (CAUSE MERCURIALISM, WHICH IS CHARACTERIZED BY 
FINE TREMORS AND ERETHISM. TREMORS MAY AFFECT THE HANDS FIRST, BUT THEN 
BECOME EVIDENT IN THE 'FACE, ARMS AND LEGS. ERETHISM MAY BE MANIFESTED 
BY ABNORMAL SHYNESS, B'LUSHING, RESENTMENT OF CRITICISM AND IRRITABILITY 
OR EXCITABILITY. 
THE THRESHOLD LIMIT VALUE WAS ESTABLISHED BASED ON THE ABILITY OF 
MERCURY ABSORBED IN THE BRAIN TO REMAIN. 
PERSONS WITH NERVOUS SYSTEM DISORDERS, CHRONIC RESPIRATORY DISEASE 
AND KIDNEY DISEASE MAY BE AT AN INCREASED RISK FRCM EXPOSURE. 
IHL-WMN TCLO: 1500 UG/'M3/46 D IHL-MAN TCLO: 44,300 UG/M3/8 HR 
SKN-MAN TDLO: 129 MG/KG/S HR C IHL-RBT LCLO: 29 MG;/M3/30 HEt 

OSHA STANDARD 1910.1200 HAZARD COMMUNICATION REQUIRES CHEMICAL 
MANUFACTURERS AND IMPORTERS TO ASSESS THE HAZARDS OF CHEMICALS WHICH THEY 
PRODUCE OR IMPORT, AND ALL EMPLOYERS TO PROVIDE INFORM$iTION TO THEIR 
EMPLOYEES CONCERNING HAZARDOUS CHEMICALS BY MEANS OF A HAZARD 
COMMUNICATION PROGRAM, LABELS AND OTHER FORMS OF WARNING, MATERIAL SAFETY 
DATA SHEETS, ANDbNFORMATION AND TRAINING. REQUIRES DISTRIBUTORS TO 
TRANSMIT REQUIRED INFORMATION TO EMPLOYEES. 

DANGEROUS EXPOSURE: 
28 MG/M3 OSHA/NIOSH 

ODORLESS, SILVERY LIQUID WITH. 

INCOMPATIBILITIES: 
SEND BACK AREA EXCEDED. ACETYLENE: FORMATION OF EXPLOSIVE COMPOUND. 
ACETYLINIC COMPOUNDS: FORMATION OF EXPLOSIVE COMPOUND. ALUMINUM: 
CORRODES. AMINES: MAY FORM EXPLOSIVE COMPOUNDS. AMMONIA + MOISTURE: 
FORMS EXPLOSIVE COMPOUND. BORON DIIODOPHOSPHIDE: IGNITES ON CONTACT WITH 
MERCURY VAPORS. BROMINE: VIOLENT REACTION. 3-BROMOPROPYNE: EXPLOSION 
HAZARD. CALCIUM: AMALGAM FORMATION @ 390 C IS VIOLENT. CHLORINE: 
IGNITES @ 200-300 C. CHLORINE DIOXIDE: EXPLODES. COPPER (AND AUOYS): 
MAY BE ATTACKED. ETHYLENE OXIDE + TRACES OF ACETYLENE: MAY FORM 
EXPLOSIVE ACETYLIDES. LITHIUM: AMALGAM FORMATION ?S VIOLENTLY EXOTHERM" 
AND,MAY BE EXPLOSIVE. METHYL AZIDE: PRODUCES SHOCK SENSITIVE MIXTURE. 
METHYLSILANE + OXYGEN: PRODUCES SHOCK SENSITIVE MIXTURE. NITRIC ACID + 
ALCOHOLS: FORMS FULMINATES CAPABLE OF DETONATION. OXALIC ACID: FORMS 
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SHOCK SENSITIVE COMPOUND. OXIDANTS: VIOLENT REACTION, PEROXYFORMIC 
ACID: EXPLOSIVE REACTION. POTASSIUM: AMALGAM FORMATION IS VIGOROUSLY 
EXOTHERMIC AND MAY BE EXPLOSIVE. 

CLOTHING: 
FOLLOWING INFORMATION FROM NIOSHjOSHA "OCCUPATIONAL HEALTH GUIDELINES FOR 
CHEMICAL HAZARDS": 
EMPLOYERS SHALL PROVIDE AND ENSURE THAT EMPLOYEES USE APPROPRIATE 
PROTECTIVE CLOTHING AND EQUIPMENT NECESSARY TO PREVENT REPEATED OR 
PROLONGED SKIN CONTACT WITH THIS SUBSTANCE. FACE SHIELDS SHALL COMPLY 
WITH 29CFR1910.133(A)(2), (A) (411 (A) (51, AND (A) (f;). 
EMPLOYERS SHALL ENSURE 'THAT CLOTHING CONTAMINATED WITH THIS SUBSTANCE IS 
PLACED IN CLOSED CONTAI:NERS FOR STORAGE UNTIL IT CAN BE DISCARDED OR 
UNTIL THE EMPLOYER PROVIDES FOR THE REMOVAL OF THE CONTAMINANT FROM THE 
CLOTHING. IF THE CLOTHI:NG IS TO BE LAUNDERED OR OTHERWISE CLERNED TO 
REMOVE THE CONTAMINANT, THE EMPLOYER SHALL INFORM THE PERSON PERFORMING 
THE CLEANING OF THE HAZ.ARDOUS PROPERTIES OF THE SUBSTANCE. 

22 

WEAR EYE PROTECTION TO PREVENT: 
NO SPECIFIC REQUIREMENT. USE APPROPRIATE SAFETY GOGGLES, AS INDICATED BY 
THE NATURE OF THE CONTAMINANT AND THE LIKELIHOOD OF EXPOSURE. 

EMPLOYEE SHOULD WASH: 
FOLLOWING INFORMATION FROM NIOSH/OSHA "OCCUPATIONAL HEALTH GUIDELINES FOR 
CHEMICAL HAZARDS": 
EMPLOYERS SHALL ENSURE THAT ALL EMPLOYEES SUBJECT TO SKIN CONTACT WITH 
THIS SUBSTANCE WASH WITH SOAP OR MILD DETERGENT. AND WATER ANY AREAS OF 
THE BODY WHICH MAY HAVE CONTACTED THE SUBSTANCE AT THE END OF EACH WORK 
DAY. 
EMPLOYERS SHALL ENSURE THAT EMPLOYEES WHOSE SKIN BECOMES CONTAMINATED 
WITH THIS SUBSTANCE PRCMPTLY WASH OR SHOWER WITH SCAP OR MILD DETERGENT 
AND WATER TO REMOVE ANY CONTAMINANT FROM THE SKIN. 
EMPLOYERS SHALL ENSURE THAT EMPLOYEES WHO HANDLE THIS SUBSTANCE WASH 
THEIR HANDS THOROUGHLY WITH SOAP OR MILD DETERGENT AND WATER BEFORE 
EATING, SMOKING, OR USING TOILET FACILITIES. 

WORK CLOTHING SHOULD BE CHANGED DAILY: 
FOLLOWING INFORMATION FROM NIOSH/OSHA "OCCUPATICNAI, HEALTH GUIDELINES FOR 
CHEMICAL HAZARDS": 
EMPLOYERS SHALL ENSURE THAT EMPLOYEES WHOSE CLOTHING MAY HAVE BECOME 
CONTAMINATED WITH THIS SUBSTANCE CHANGE INTO UNCONTAMINATED CLOTHING 
BEFORE LEAVING THE WORK PREMISES. 

REMOVE CLOTHING: 
FOLLOWING INFORMATION FROM NIOSH/OSHA "OCCUPATIONAL HEALTH GUIDELINES FOR 
CHEMICAL HAZARDS'": 
EMPLOYERS SHALL ENSURE THAT NON-IMPERVIOUS CLOTHING WHICH BECOMES 
CONTAMINATED WITH THIS SUBSTANCE BE REMOVED PROMPTLY AND NOT REWORN UNTIL 
THE SUBSTANCE IS REMOVED FROM THE CLOTHING, - .L..., 

THE FOLLOWING EQUIPMENT SHOULD BE AVAILABLE: 
FOLLOWING INFORMATION FROM NIOSH/OSHA "OCCUPATIONAL HEALTH GUIDELINES FOR 
CHEMICAL HAZARDS": 
EMPLOYERS SHALL ENSURE THAT EMPLOYEES DO NOT EAT OR SMOKE IN AREAS WHERE 
THIS SUBSTANCE IS HANDLED, PROCESSED OR STORED. 

'" REShATOR SELECTION (UPPER LIMIT DEVICES PERMITTED): 
0.5 MG/M3 
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- CHEMICAL CARTRIDGE RESPIRATOR PROVIDING PROTECTION AGAINST 

SPECIFIC COMPOUND OF CONCERN 
- SUPPLIED-AIR RESPIRATOR 
- SELF-CONTAINED BREATHING APPARATUS 

23 

1.25 MG/M3 
- SUPPLIED-AIR RESPIRATOR OPERATED IN CONTINUOUS FLOW MODE 
- POWERED XR-PURIFYING RESPIRATOR WITH CARTRIDGE PROVIDING 

PROTECTION AGAINST THE COMPOUND OF CONCERN 

2.5 MG/M3 
- SUPPLIED-AIR RESPIRATOR 
WITH A FULL FACE-PIECE 
- SELF-CONTAINED BREATHING APPARATUS WITH A FULL FACE-PIECE 
- SUPPLIED-AIR RESPIRATOR WITH A TIGHT-FITTING FACEPIECE OPERATED 

IN A CONTINUOUS FLOW MODE ._ 
- CHEMICAL CARTRIDGE RESPIRATOR PROVIDING PRGTECTION AGAINST 

SPECIFIC COMPOUND OF CONCERN WITH A FULL FACE-PIECE 
- GAS MASK WITH A CANISTER PROVIDING PROTECTHON AGAINST SPECIFIC 

COMPOUND OF CONCERN (CHIN-STYLE OR FRONTOR BACX-MOUNTED CANISTER) 
- POWERED AIR-PURIFYING RESPIRATOR WITH A TIGHT-FITTING FACEPIECE 

AND CARTRIDGE PROVIDING PROTECTION AGAINST COMPOUND OF CONCERN 

28 MG/M3 
- SUPPLIED-AIR RESPIRATOR WITH HALF-MASK OPERATED IN 

PRESSURE-DEMAND OR OTHER POSITIVE PRESSURE MODE 

ESCAPE 
- GAS MASK WITH A CANISTER PROVIDING PROTECTION AGAINST SPECIFIC . 

COMPOUND OF CONCERN (CHIN-STYLE OR FRONTOR BACK-MOUNTED CANISTER) 
- APPROPRIATE ESCAPE-TYPE SELF-CONTAINED BREATHING APPARATUS 

FIREFIGHTING 
- SELF-CONTAINED BREATHING APPARATUS WITH A FULL FACE-PIECE 

OPERATED IN PRESSURE-DEMAND OR POSITIVE-PRESSURE MODE 
- SUPPLIED-AIR RESPIRATOR WITH A FULL FACEPXECE OPERATED IN 

PRESSURE-DEMAND OR OTHER POSITIVE PRESSURE MODE WITH AUXILIARY 
SELF-CONTAINED BREATHING APPARATUS OPERATED IN POSITIVE PRESSURE MODE. 

MS \ 

MEDICAL SURVEILLANCE: 
29CFRl.910.20 OSHA STANDARD SUBPART C - GENERAL SAFETY AND HEALTH 
PROVISIONS PROVIDES FOR EMPLOYEE, DESIGNATED REPRESENTATIVE, AND OSHA 
ACCESS TO EMPLOYER-MAINTAINED EXPOSURE AND MEDICAL RECORDS RELEVANT TO 
EMPLOYEES. EXPOSED TO TOXIC SUBSTANCES AND HARMFUL PHYSICAL AGENTS. 
53FR38140 g/29/88 (AMENDED). 
4OCFR717 RECORDS AND REPORTS OF ALLEGATIONS THAT CHEMICAL SUBSTANCES 
CAUSE SIGNIFICANT ADVERSE REACTIONS TO HEALTH OR THE ENVIRONMENT TOXIC 
SUBSTANCES CONTROL ACT (TSCA) SECTION 8(C) RULE REQUIRES MANUFACTURERS 
AND CERTAIN PROCESSORS OF CHEMICAL SUBSTANCES AND MIXTURES TO KEEP 
RECORDS OF SIGNIFICANT ADVERSE REACTIONS TO EMPLOYEE HEALTH FOR 30 
YEARS. 
FOLLOWING INFORMATION FROM NIOSH/OSHA 'OCCUPATIONAL HEALTH GUIDELINES FOR 
CHEMICAL HAZARDS". 
GENERAL MEDICAL HISTORY. 
PHYSICIAN PRE-PLACEMENTANDANNUALEXAMS. 
HISTORY OF ASTHMA OR ALLERGIES. 
RESFSRATORY HISTORY. 
PULMONARY FUNCTIONS. 
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RE 

TO 

SP 

CENTRAL NERVOUS SYSTEM TESTS, PERIPHERAL NEUROPATHlr!. 
KIDNEY FUNCTION. 
URINALYSIS. 
NOTICE OF INTENT TO ESTABLISH: ACGIH BIOLOGICAL EXPOSURE INDICIES FOR 
MERCURY: 35 UG/G CREATININE TOTAL INORGANIC MERCURY IN URINE / TIMING 
-PRE-SHIFT 15 UG/L TOTAL INORGANIC MERCURY IN BLOOD / TIMING -END,OF 
SHIFT AT END OF WORXWEEX. 

ROUTE OF ENTRY: 
INHALATION. SKIN ABSORPTION. INGESTION. SKIN OR EYE CONTACT. 

TARGET ORGANS: 
SKIN. RESPIRATORY SYSTEM. CENTRAL NERVOUS SYSTEM. KIDNEYS. EYES. 

SYMPTOMS : 
SRIN, COVERING OF BODY (SC0174); '- 
IRRITATION, EXTREME REACTION TO A CONDITION (SCOOSO). 
EYE, ORGAN OF SIGHT (SCO170); 
IRRITATION, EXTREME REACTION TO A CONDITION (SCOO910). DYSPNEA, 
DIFFICULTY IN BREATHING (SCOOS2). COUGHING, FORCE:FUL EXPIRATION 
(SCO173). FEVER, BODY TEMPERATURE ABOVE NORMAL (SCO067). NAUSEA, 
SICKNESS AT THE STOMACH (SCO115). VOMITING, PERTAINING TO NAUSEA 
(SCO166). DIARRHEA, UNCONTROLLED LOOSE BOWELS (SCO046). HEADACHE, PAIN 
IN HEAD OR CRANIUM AREA (SCO075). STOMATITIS, INFLAMMATION OF THE MOUTH 
(SCO395). SALIVATION, EXCESS DISCHARGE OF SALIVA (SCO146). METALLIC 
TASTE, TASTE RESEMBLING METAL IN MOUTH (SC0216). 
SKIN, COVERING OF BODY (SC0174); 
SENSITIZATION, ALLERGIC REACTION (SC0148). DERMATITIS, INFLAMMATION OF 
SKIN (SCO044). 
PULMONARY, PERTAINING TO THE RESPIRATORY TRACT (SCOSOO); 
SENSITIZATION, ALLERGIC REACTION (SC0148). BRONCHITIS, INFLAMED 
BRONCHIAL MUCOUS MEMBRANES (SCO017). PNEUMONITIS, LOCALIZED INFLAMMATION 
OF LUNG (SC0137). ENCEPHALITIS, INFLAMMATION OF THE BRAIN (SCO307). 
TREMORS, TREMBLING, SHAXING (SC0197). ERETHISM, EXCESSIVE SENSIBILITY TO 
STIMULATION (SC0729). MENTAL DEPRESSION, ABSENCE OF CHEERFULNESS 
(SCOZSO). IRRITABILITY, QUICK EXCITABILITY TO ANNOYANCE (SCO091). 
EXCITABILITY, SENSITIVITY TO EMOTIONAL STIMULATIGN (SCO592). FATIGUE, 
TIREDNESS, SLUGGISH (SCO066). INSOMNIA, INABILITY TO OBTAIN NORMAL SLEEP 
(SCOO88). HALLUCINATIONS, PERCEPTIONS OF NHJT DOES NOT EXIST (SCOO74). 
MEMORY DEFECTS, IMPERFECTION IN RECOLLECTION ABILITY (SCO58S). MENTAL 
DISORDER, PSYCHIC DISTURBANCE (SCO608). PROTEINURIA, PROTEIN IN URINE, 
OFTEN ALBUMIN (SCO14O)e ALBUMINURIA, ALBUMIN (PROTEIN) IN URINE 
(SCOOO2). ANURIA, COMPLETE LACK OF URINATION (SCO304). GINGIVITIS, GUM 
INFLAMMATION (SC0515). GINGIVAL BLUE LINE, BLUE LINE ON GUMS (SC0575). 
EXTREMITIES, ARMS OR LEGS (SCO062); 
PAIN, SUFFERING, EITHER PHYSICAL OR MENTAL (SC0182). 
EXTREMITIES, ARMS OR LEGS (SCOO62); 
NUMBNESS, COMBINED ANESTHESIA AND PARESTHESIA (SCO120). WEIGHT LOSS, 
DROP IN BODY WEIGHT (SCO104). ANOREXIA, DIMINISHED APPETITE (SCOOOS). 
SPEECH DIFFICULTIES, TROUBLES WI,TH VERBAL EXPRESSION (SC0614). ACIDOSIS 
ACID IMBALANCE (SCO290). 
PULMONARY, PERTAINING TO THE RESPIRATORY TRACT (SCO500); 
EDENA, FLUID RETENTION WITH SWELLING (SCO181). DIARRHEA, UNCONTROLLED 
LOOSE BOWELS (SCO046). INCOORDINATION, LACK OF COORDINATION (SCO085). 
ANEMIA, RED BLOOD CELLS LESS THAN NORMAL (SCOO04). KIDNEY DAMAGE, INJURY 
TO.THE KIDNEY (SCOZZO). 
NERVE, BUNDLE OF NERVE FIBERS (SC0726); 
DAMAGE, PERMANENT INJURY (SCO287). 

24 
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REPRODUCTIVE EFFECTS, BIRTH DEFECTS (SCO281); 

25 

IN EXPERIMENTAL ANIMALS, (SC0212). HEMATURIA, RED BLOOD CELLS IN URINE 
(SCO076). ALBUMINURIA, ALBUMIN (PROTEIN) IN URINE (SCOOOZ). FEVER, BOT 
TEMPERATURE ABOVE NORMAL (SCO067). 
BLINDNESS, INABILITY TO SEE (SC0223);. 

FA 
FIRST AID. 

(1 OF 5) 
IF THIS CHEMICAL GETS INTO 
AMOUNTS OF WATER OR NORMAL 
LIDS, UNTIL NO EVIDENCE OF 

THE EYES, WASH THE EYES IMMEDIATELY WITH LARGE 
SALINE, OCCASIONALLY LIFTING UPPER AND LOWER 
CHEMICAL REMAINS (APPROXIMATELY 15-20 

MINUTES). GET MEDICAL ATTENTION IMMEDIATELY. 

(2 OF 5) 
IF THIS CHEMICAL GETS ON THE SKIN, REMOVE CONTAMINATED CLOTHING AND SHOES 
IMMEDIATELY. WASH AFFECTED AREA WITH SOAP OR MILD DETERGENT AND LARGE 
AMOUNTS OF WATER UNTIL NO EVIDENCE OF CHEMICAL REMAINS (APPROXIMATELY 
15-20 MINUTES). GET MEDICAL ATTENTION IMMEDIATELY. 

(3 OF 5) 
IF THIS CHEMICAL HAS BEEN INHALED, REMOVE FROM EXPOSURE AREA TO.FRESH AIR 
IMMEDIATELY. IF BREATHING HAS STOPPED, PERFORM ARTIFICIAL RESPIRATION. 
KEEP PERSON WARM AND AT REST. TREAT SYMPTOMATICALLY AND SUPPORTIVELY. 
GET MEDICAL ATTENTION IMMEDIATELY. 

(4 OF 5) 
INGESTED MERCURY: REMOVE BY GASTRIC LAVAGE OR EMES;IS. MAINTAIN BLOOD 
PRESSURE AND AIRWAY. GIVE OXYGEN IF RESPIRATION IS DEPRESSED. DO NOT 
PERFORM GASTRIC LAVAGE OR EMESIS IF VICTIM IS UNCONSCIOUS. GET MEDICAL 
ATTENTION IMMEDIATELY. ADMINISTRATION OF GASTRIC LAVAGE OR OXYGEN SHOULD 
BE PERFORMED BY QUALIFIED MEDICAL PERSONNEL. ANTIDOTE: GIVE DIMERCAPROL, 
3 MG/XG (OR 0.3 KG/KG) EVERY 4 HOURS FOR THE FIRST 2 DAYS AND THEN 2 
MG/XG EVERY 12 HOURS FOR A TOTAL OF 10 DAYS. DIMERAPTROL IS AVAILABLE AS 
A 10% SOLUTION IN OIL FOR I NTRAMclSCULAR ADMINISTRATION. HEMODIALYSIS 
WILL SPEED THE REMOVAL OF THE MERCURY-DIMERCAPROL COMPLEX. PENICILLAMINE 
IS ALSO EFFECTIVE. GIVE UP TO 100 MG/XG/DAY (MAXIMUM 1 GM/DAY) DIVIDED 
INTO 4 DOSES FOR NO LONGER THAN 1 WEEK. IF A LONGER ADMINISTRATION 
PERIOD IS WARRANTED, DOSAGE SHOULD NOT EXCEED 40 MG/XG/DAY. GIVE THE 
DRUG ORALLY HALF AN HOUR BEFORE MEALS. A CHELATING AGENT SHOULD BE 
CONTINUED UNTIL THE URINE-MERCURY LEVEL FALLS BELOW 50 UG/24 HOURS. 
(DREISBACH, HANDBOOK OF POISONING, 12TH ED.), ANTIDOTE SHOULD BE 
ADMINISTERED BY QUALIFIED MEDICAL PERSONNEL. 

(5 OF 5) 
GASTRIC LAVAGE - GIVE PATIENT GLASS OF WATER PRIOR TO PASSING OF STOMACH 
TUBE. LAY PATIENT ON ONE SIDE, WITH HEAD LOWER THAN WAIST. IMMOBILIZE 
A STRUGGLING PATIENT WITH A SHEET OR BLANKET. MEASURE DISTANCE ON TUBE 
FROM MOUTH TO EPIGASTRIUM, MARX TUBE WITH INDELIBLE MARKING OR TAPE. 
REMOVE DENTURES AND OTHER FOREIGN OBJECTS FROM THE MOUTH. OPEN MOUTH, 
USE GAG IF NECESSARY. EXTEND HEAD BY LIFTING CHIN. PASS TUBE OVER 
TONGUE AND TOWARD BACX OF THROAT WITHOUT EXTENDING HEAD OR NECK. IF 
OBSTRUCTION IS MET BEFORE THE MARX ON TUBE REACHES LEVELS OF THE TEETH, 
DO NOT FORCE, BUT REMOVE TUBE AND REPEAT PROCEDURE UNTIL TUBE PASSES TO 
MARX. PLACE END OF TUBE IN GLASS OF WATER. IF TUBE IS OBSTRUCTED WHEN 
INTRODUCED ABOUT HALFWAY TO THE MARX, IT MAY HAVE ENTERED TRACHEA. AFTA 
TUBE IS PLACED IN STOMACH, ASPIRATE FIRST TO REMOVE STOMACH CONTENTS BY 
IRRIGATION SYRINGE. SAVE STOMACH CONTENTS FOR EXAMINATION, AND REPEAT 
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INTRODUCTION AND mTH"RAz -TgOO ML WARM WATER UNTIL AT LEAST 3 
LITERS OF CLEAR RETURN USE ACTrvATED cEIARC0A.L AT BEGINNING 
OF LAVAGE TO AID IN POISON INACTIVAkON. LEAVE 50 GRAHSOFCEARCOAL 
SUSPENDED IN WATER IN m STOHACB. IF INTRODUCTION AND REMOVAL OF LAVAGE 
FLUXD BY GRAVITY REQUIRESMORETBAN FIVE MINUTES, ASSIST WITH ASEPTO 
SYRINGE. PREVENT ASPIRATION WITE CUFFED ENDOTR&cHElAL TUBE. AVOID GXVING 
LARGE QUANTITIES OF WATER. IF PATIENT COMATOSE, INTUBATE TRACHEA WITH 
CUFFED ENDOTRACEEAL TUBE. SUCCINICBLORXNE MAY BE ADKINISTERED BY 
QUALIFIED MEDICAL PERSONNEL TO EASE INSERTION OF TRACHE&L CATHETER PRIOR 
TO PASSAGE OF STOMACH TUBE. PROCEDURE HUST BE PERFORMED BY QUALXFIED 
MEDICALPERSONNEL. (DREISBACH, HANDBOOK OF POISONING, 12TH ED.). 



F:ESULT 1. DOCUMENT 
2 .- : . *PRINT ALL/OOC=i 

1 
HA ACCESSION NUMEEK: 2305. 9212, 
CN CHEMICAL NAME: NITROGLYCERIN. 
SY SYNONYMS: NITROGLYCERINE, NITROGLYCOL, NTG + EI..ASTING GELATIN, 

HLASTING OIL. ly2y3-PRaPANETRIOLy TRINITRATE, NITRO-SPAN. GLYCERYL 
TRINITRATE, GLYCEROL TRINITRATE, GLYCEROLI NITRIC ACID TRIESTER, 
GLYCERYL NITRATE+ NITRIC ACID TRIESTER OF GLYCEROL, NITROGL.YCERINr 
LIC4UIDr UN1iESENSITIZED e NITROGLYCEROL. NITROGLYN. NITROLe 
lr2v3-PROFANETEIYL NJTRATE, TRINITROGLYCERIN. TRINITROGLYCEROIw, RCRA 
F’OSl t 

RN CAS NUMBER: 55-63-O + 

REG. TOXIC NIJMEEF: : Rx2100000, .- 

CHEMICAL FORMULA: C3H5N309 e 
F’ Ll 

PHYSICAL DESCRIPTION: 
F’ALE YELLOW? VJSCOUS LIQUID+ SWEET EUKNING TASTE, 

MOL WT: 227.1 
BOILING F’T: 2?3 F 
SOLUHILITY: 0117 G 
FLASH F’T: EXF’LODES 
VAF’OR F’RES: 0.0015 MM 
MELT F’T: 53 F 
UEL IN AIR: N/A 
LEL. IN AIR: N/A 
MEC IN AIR: 518 F 
SF’EC GRAVITY: 1*6009 
VAF’OR DENS IT’f : 7.8 
OIiClR THRESHOb.It : 
OCTANOL/WATER CO-EFFICIENT:, 

EL 
PERMISSABLE EXPOSURE: 
0.1 MG/M3 OSHA STEL (SKIN) MILITARY ANIl SF’ACE USE 
2 MG/M3 OSHA (CEIL) OIVTLIAN USE 
0105 F’F’M ACGIH TWA (SKIN) 
0.1 MG/M3 NIOSH AECOMMENDED STEL (SKIN) 
MUTAGENIC IiATA (F:TEC 1 
CERCLA HAZARD RATINGS - TOXICITY 2 - IGNITABILITY 2 - REACTIVITY 3 - 
PERSISTENCE 0 
TOXICOLOGY: SEE SOIlIUM NITRATE, 
LINK-HMN LDLO: 2S MG/KG 
ORL-RAT LD50: 525 MG/KG 
ORL-MUS LD50:500 MGJKG 

2?CFK1910,1200 CJSHA HAZARD COMMUNICATION STANDART REDUIRES CHEMICAL 
‘MANIJFACTIJREKS AND IMF’DRTERS TO ASSESS THE HAZARnS t-IF CHEMICALS WHICH THEY 
F’RODUCE OK IMF’OKT y AND ALL EMPLOYERS TO F’ROVZDE TNFORMATTON TO THEIF: 
EMF’LOYEES CONCERNlNF HAZARttO\JS CHEMICALS BY MEANS OF A HAZARD , 
COMMUNICATIDN PROGRAMI LAEELS AND OTHER FORMS OF bJAKNINGr MATERIAL SAFETY 
DATG SHEETS I Ah’11 XNFnHMATInN AND TRAXNING + REOUXRES DISTRIBUTRRS TO 
TRAtiiSMI’T I:;:ERIJIRED INFORMATTDN TO EMPLOYEES. 



CLOTHING: 
EMF’I..OYERS SHALL F’ROVIDE AND ENSURE THAT EMF’LO’fEES USE APPROPRIATE 
PROTECTIVE CLOTHING AND EQUIF’MENT NECESSARY TO PREVENT ANY POSSIBILITY OF 
SKIN CONTACT WITH THIS SUBSTANCE. FACE SHIELItS SHALL COMPLY UZTH 
29CFR1910,i33(A~~2)~ (A)i4)p cA)(Sit ANIt (A)(S). 
EMF’I..OYERS SHALL. ENSURE THAT CLOTHING WET WITH THIS SUESTANCE IS PLACED IN 
CLOSEIt CONTAINERS FOR STORAGE UNTIL IT CAN BE DXSCARftEIt OR UNTIL THE 
EMF’LOYER F’RQVIDES FOR THE REMOVAL OF THE CONTAMINANT FROM THE CLOTHING. 
IF. THE CLOTHING IS Tt’J BE LAIJNDEREEQ OR OTHERWISE CI..EANEIt TO REMOVE THE 
CONTAMINANT9 THE EMPLOYER SHALL INFORM THE F’ERSON PERFORMING THE Cl..EANING 
OPERATION OF THE HAZARBOUS PROF’ERT’IES OF THE SUBSTANCE. 
-ACGIH ‘GUIDELINES FOR THE SELECTION OF CHEMICAL PROTECTIVE CLOTHING” 
TNIt:I:CATED THE FOLLGWING PROTECTIVE RATINGS FQR MATERTAt. S COMMONLY USEIt 
FOR PROTECTIVE CLOTHING+ THESE RATINGS ARE EASED F’RIMARILY ON 
RUANTITATIVE TEST RESUL.TS AND QUALITATIVE RESISTANCE INFORMATION. (THE 
RECOMMENDATIONS AF’F’L’i TCt THE PURE SUBSTANCE ONLY; BREAKTHROUGH-TIME MAY 
VARY FOR MIXTURES,) (A 't' DESIGNATES A BLENlt OF MATERT.ALSr WHILE A “/” 
DESIGNATES A CCtATED OR LAMINATED MATERIAL.) - 
NITROGLYCERINE: EXCELLENT/GOOD: NONE INDJCATED GDODiFAIK: BIJTYL RUEBER 
CHLDRINeTEI’t POLYETHYLENE PI~OF:/FAIK: NI7NE INDICATEIt F’CtCtR: NONE INDICATED, 

WEAR EYE PROTECTION TO F’REVENT: 
EMPLOYERS SHALL F'ROVI1lE AND ENSURE THAT EtiF’LOYEES USE SPLASH-PROOF SAFETY 
GOGGLES WHICH CCIMF’LY WITH 29CFR1910,133(A)(2)-~A~~~~ WHERE THIS l1C4U1I.1 
MAY CONTACT THE EYES. 

EMPLOYEE SHOULD WASH: 
EMPLOYERS SHAI-L ENSURE THAT EMF’LOYEES WHOSE SKIN BECOMES CONTAMINATED 
WITH THIS SIJBSTANCE IMMEDIATELY WASH OR SHOWER WITH SOAF’ OR HILD 
DETERGENT AND WATER TO REtiOVE ANY CONTAMINANT FROM THE SKIN, 

WORK CLOTHING SHOULD BE CHANGED DAILY: 
EMF‘L.OYERS SHALL ENSURE THAT EMPLOYEES WHOSE CLOTHING HAS HAD ANY 
POSSIbILITY OF BEING CONTAMINATED WITH THIS SUBSTANCE CHANGE INTO 
UNCONTAMINATED CLOTHING EEFQRE LEAVING THE WORK F’REMXSES + 

REMOVE CLOTHING: 
EMPLOYERS SHALL ENSURE THAT ANY CLOTHING WHICH BECCtMES Wl?T WITH THIS 
FLAMMAELE LIQUID EE REMOVED IMMEDIATELY AND NOT FZEWORN IJNTXL THE 
SUBSTANCE IS REMOVED FROM THE CLOTHING. 

THE FOLLOWING EQUIF’MENT SHOULD BE AVAILABLE: 
WHERE EXF’OSUF:F OF AN EMPLOYEE’S EOTtY TO THIS SIjESTANCF: MAY OCCUR? 
EMF’LOYERS SHALL F’R’VIltE FACILITIES FOR QUICK ItRENCHTNG OF THE EODY WITHIN 
THE IMMErtIATE WORK AREA FOR EMERGENCY USE. 

RF 
RESPIRATOR SELECTION iUF’F’F.R L.IMIT DE'JICES PERMITTED): 
2 FF’M 

- SUPPLIED-AIR RESF'IRATOR 
- SELF-CONTAINED HREATHING AF’F’ARATUS 

10 F’F’M 
.- SlJF’F’LlEIS-A!:R RESPIRATOR 
WITH A Ft!I..L FACE-PTE1:E~ HELMENTI OR HOOD . . 
- SELF -CONTA I NELt EREATHING AF’F’AHATIJS 
W:lTt.l A FI,ILI.. FAli:E-F’llECE 



WITH AN ORGANIC VAPOR CANISTER 
(CHIN-STYLE OR FRONTOR BACK-MaUNTEIt CANISTER) 
WITH A HIGH-EFFICIENCY F’ARTICLJL.ATE FILTER 
- SELF-CONTATNFD BREATHTNG AFFARATUS 

FIREFIGHTING 
- SELF-CONTAINED EREATHING AFF’ARATUS 
WITH A FULL FACE-FIECE 
GF’ERATEI2 IN PRESSURE-DEMAND at-t POSITIVE-PRESSURE MillrE, 

MS 
MEDICAL SURVE I; LLANCE : 
GENERAL MEllICAL HISTORY. 
40CFR717 RECORIlS ANIl REF’ORTS OF ALLEGATIONS THAT CHEMICAL SUBSTANCES 
CAUSE SIGNIFICANT ADVERSE REACTIONS Ta HEALTH aFi THE ENVIRONMENT TOXIC 
SUBSTANCES CONTROL ACT (TSCAI SECTION 8(C) RULE REnUIRES MANUFACTURERS 
AND CERTAIN PROCESSORS OF CHEMICAL. SUBSTANCES AND ;MIXTlIRES TO KEEF’ 
RECORDS OF SIGNIFICANT ADVERSE HEACTION s To EMFLOYEE HEALTH FOR 30 
YEARS + 
RESPIRATORY HISTORY, 
F’HYSICIAN FRE-FLACEMENT AND ANNUAL EXAMS, 
BLOOD CHEMISTRY + 
COMF’LETE ELOCD COUNT, 
14 HY 1.7 CHEST F+A+ X-RkY * 
F’ULMONARY FUNCTIONS + 
VISION TEST. 
UKINALYSIS, 
SKIN EXAPi. 
ELECTROCARKtIaGRAM + 
CENTRAL.. NERVoUS SYSTEM TESTS, PERIPHERAL NEUROFATHY. 
URIC ACID7 CKEATININEI ANO URINALYSIS, EMF’LOYER SHALL F’ROVIDE COF’Y OF 
THE PHYSICIAN’S WRITTEN OPINION Ta THE AFFECTED EMF’LOYEE WITHXN 15 DAYS 
OF RECEIPT 4 
ACGIH BIOLOGICAL EXFUSURE INIlICIES FOR METHEMOGLOBIN INDUCERS: 1.5% OF 
HEMGGLOBIN METHEMOGLOBIN IN ELOnIl / TIMING -DIJRING nF? END OF SHIFT, 
29CFRl910.20 OSHA STANItARn SUBFART C - GENERAL SAFETY ANIt HEALTH 
mavIsIaNS ~'F:ovmEs FOR E~~F’L.oYEE~ DESIGNATED REPRESENTATIVE, AND OSHA 
ACCESS TQ EMPLOYER-MAINTAINED EXFOSURE AND MED.ICAL RECORDS K’EI..EVANT TO 
EMPLOYEES EXF’OSED TO TOXIC SUBSTANCES AND HARMFUL FHYSICAL AGENTS. 
53FR38140 9/29/‘88 (AMENDED). 

RE 
ROUTE OF ENTRY: 
INHALATION, SKIN AFSORPTIaN, INGESTION, SKIN OR EYE CONTACT, 

TO 
TARGET ORGANS : 
CARDIOVASCULAR SYSTEM. EtLOOD. SKIN, CENTEAL NEHVaLlS SYSTEM, 

SF 
SYMF’TOMS: 
EYE? OK.GAN OF SIGHT (SCO170); 
IRfi’ITATIONv EXTREtiE REACTION TO A CONDITION (SC0090>+ HEAItACHEt FAIN IN 
HEAn OF: CRANIUM AREA (SCO075). ttIZi!INESSt FEELING FAINT 9 LIGHT-HEADED J 
UNSTEADY (SC0048 1. AEDCIMINAL. CRAMF’S, F’AINFUL SF’ASMS OF ABDOMINAL Ali’EA 
(SCO218>+ INSOMNIAP INABTLITY TO IIBTAXN NORMAL SLEEF (SCOO88)+ FAiIGUE 
TIREDNESS, SI-UGGI SH i: SC0055 1 + CONFUSIONp IN A BEWILDERErt STATE (SC0030). 
HYFOTENSIONY LOW BLOGI:t F’RESSUHE (SC0180 1 , FACE/NECK FLUSHED y 
VASDDXLATInN WITH HE&T OF FACE/NECK’ (SC02151 + FALF’ITATIONS? FORCIBLE 
PLIL~ATICINS aF THF: HEART csC0123). HALLIJCINATIONS~ FEACEFT~ONS OF WHAT 
DilES NOT EXIST (SCO074). DEPRESSJONv TtECREASE JN ACTIVJTY/FIJNCTION 
(SCOO435. ANGINA 7 SENSE RF SUFFOCATION (SC0209) + 
I3 E N T I? A L N E R 'J ct Lt S SYSTEiiy PE$TfiINING TO NEURAL ErO1ly SySTEh iSCOo28:); 
KI EL f F? E S 5 :[ II N Y r~ I’ C F: E A S F ‘I N A r. ‘: ‘t V J T Y ./ F U N C T I: ii N ( S C 0 0 4 3 i + 
“‘6 *cl” I”’ ,-, , ( i:‘ ,::I r p; c’; s”, c.7 F! I! ! 5 / ,. 02 - ) .I ? &tq ‘j 4; 



Ij 1 F- F I C (J L T Y I N B I’< E k -j H I: N t:; ! 5 ,:: 0 0 5 2 ;a , 
f? E s F :[ F: ‘$ ‘r !yt I:i’ y , FE R T A I r$ I: N I; T !7 THE I_ UN S S ( SC 0 1 4 2 1 i 
t”’ A f;: A L y’ s 1 r$ , L C s 3 OF‘ POWER CF VCI..UNTARY MOVEMENT (SCOlZ4), HYPOTENSION, 
LOW RLOOI:t F’RESSLJEE (SCOl.80) + CYANOSIS~ DARK FcLIJE/F’tJF:F’LE SKIN caLoR 
~SCOO3t3~ * 

FA 
FIF:ST AID, 

:IF THIS CHEMICAL GETS INTO THE EYES, WASH THE EYE’S IMMEDIATELY WITH LARGE 
AMouNTs 0F WATER ati NORMAL SALINES OCCASIONALLY LIFTJNG UF’FEF? AND, LOWER 
LIDS9 UNTIL NO EVIDENCE OF CHEMICAL REMAINS (APPROXIMATELY 15-20 
MINlITES 1 + GET MEDICAL ATTENTION IMMEDIATELY. 

(2 OF 8) 
IF THIS CHEMICAL GETS ON THE SKIN7 REMOVE CONTAMINATED CI..OTHING AND SHPES 
IMMEDIATELY. WASH AFFECTED AREA WITH s0Af aR MILD BETERGENT AND LARGE 
AMOlJNTS OF WATER UNTIL NO EVIDENCE OF CHEMICAL REtiAINS (AFF’l?QXIMATELY 
15-20 MINUTES). GET MELtTCAL ATTENTION IMMEDIATELY, 

(3 OF 8) 
IF THIS CHEMICAL HAS BEEN INHALEIlr REMOUE FROM EXF’OSUKE AREA TO FRFTSH AXE 
IMMEDIATELY + IF BREATHING HAS STOF’F’ED? FERFORM ARTIFICIAL AESPIKATION, 
KEFF’ FERSON WARM ANT: AT REST, TREAT SYMFTOMATICAIL1.Y AND SUFF’ORTIVELY c 
GET MEDICAL ATTENTIUN IMMEDIATELY, 

(4 OF 8? 
IF THIS SU8STANCE IS INGESTEXl AND EXTENSIUE VOMITING HAS NOT OCCURFDir 
THTS SUBSTANCE SHOULD! BE REMOVED RY EMESI S OR GAS’Tli’IC I..AVAGE FROVIKtEfi 
THAT THE F’ATIENT IS CONSCIOUS ANll CONVULSIONS ARE NOT FRESENT, IlO NOT 
ATTEMPT TO MAKE AN UNCONSCIOUS FERSUN VOMIT. TREAT SYMPTOMATICALLY AND 
SUFFOKTIVELY, GET MEIlICAL ATTENTION IMMEDIATELY (DREISEACHv HANDBCIDK OF 
FOISONING 12TH ED, )+ TREATMENT SHOULD BE FERFCIRMED RY QIJALIFIED MEDICAL 
FERSONNEL. 

(5 OF 8) 
NITRITE/NITRATE INGESTION: REMOVE INGESTED OVERDOSES BY IPECAC EMESIS 
FOLLOWED EY ACTIVATEIr CHARCOAL, GASTRIC LAUAGE MAY EE USEFUL. MAINTAIN 
BLOOIl FRESSURE BY FL.UI:D ADMINISTRATION, GET MEL1ICAL ATTENTION 
IMMEDIATELY. GENERAL MEASURES - TREAT METHEMOGI..OBINEMIA OVER 30X BY 
INJECTION OF METHYLENE BLUE, (DREISBACHF HANDBOOK OF POISONINGS 12TH 
EKl,) FROCEDUKES MUST BE FERFORMED BY QUALIFIEII MF:I:lJCAL PERSONNEL, 

(5 QF 8) 
SYRlJF OF IPECAC - GIVE 15 ML (ONE TAHLESPOON) OF SYRUF OF IFECAC FOLLOWED 
EY ONE-HALF GLASS OF WATER, IF EMESIS DOES NOT OCCIJR IN THIRTY MINUTESI 
HEFEAT WITH SAME DOSE, IF F’ATIENT MUST BE MOUE~IP KFEF’ IN HEAD ItOWN 
POSITION TO FACIL.ITATE EMESIS ANIt FREVENT ASF’IRATI:ON OF VOMITUS. IF 
EMESIS ItOES NOT OCCUR IAFTER SYRUF OF IF’ECAC IS GIVEN, FEF:FORM GASTRIC 
LAVAGE TO FKEVENT EMET:INE POISONING, SAUE SF’ECIMEINS OF EMESJS FOR 
ANALYSIS,<~IF:E'ISEACH~ HANDNCJOK OF POISONINGr 12TH ED. 1. 

(7 OF 8) 
GASTRIC LAVAGE - GIVE f”ATrENT GLASS OF WATER fiuaFi: 7-a fAssING OF STOMACH 
TUBE. LAY FATIENT ON ONE SIDE, WITH HEAD LOWER THAN WAIST+ IMMOBILIZE 
A STRUGGLING F'ATIENT W.ITH A SHEET c)l? BLANKET. MEASURE DISTANCE ON TUBE 
FROM MOUTH TO EPIGASTKIUM? MARK TUBE WITH INIlEL1HI.E MARKING OR TAF’E, 
E’EMOtJE 1tENTUkFS RNIS OTHEF: FOREIGN OBJECTS FROM THE: MOUTH. OFEN MOUTH )r 
IJSE GAG IF NECESSARY, EXTENIl HEAD EY LIFTING CHIN.’ FASS TURF OVER 
TUNG’IJE AND TOWARD EACK OF THROAT WTTHOUT EXTENDING HEAD OR NECK+ IF 
OESTKUCTION IS MET HFFORE THE MARK ON TlJBE REACHER L.EVEl..S OF THE TFETHv 
DO NOT FOECElr EUT KErlO!:E TUBE ANrl RFF’EAT F’RQCEDUF:F: UNTIL TURF: PASSES TO 
M A F: K . il.. A I: E EN It CI F T 1.114 I: I N G L AS !i CIF WATER l IF TlJr!E Ir; ~iBSTEUCTED WHEN 
‘INTRODIJCEO AbOUl’ HAl.F:‘IJ;:,? Til THE MARK. T T MA Y HA ‘2 E F: NT E F: E rl T I? A r: H F &I . AFTEF: 
r : I 1’: E T S F’ 1 A il F ‘i’! r il 5, 1' I1 Pi Gli iv I-I 8, i '; 71 1 6; ,$ 'f F F- T 6; C; 'r 'T y-1 6; F ,+ej I", I .j I': ", T i") r$ y, :_i !, 7 1"; N T y.Y >i 7 c: 'p 



I N r ti’tfti tJ C 1 I 0 N AN EI W l’ ‘T H DI? A W L II F 1 ci I:, - 3 i> 0 ML Ir! A i? M W $4 T E Ii U Pi I i. 1.. 61 1 i_ t 64 5 I ;) 
L I ‘r E I? S 0 F C I.. [r: A R t? E T I.J It: N A F: F: 0 B T A :r NE rI , USE ACTI’JATE:D CHARCaAL AT BEGINNING 
Ui- LA’JAGE TO AID IN POISON INACTIVATION, LEAVE 50 GRAHS 01. CHARCDAL 
SIJS~ND~::.CI TIN WATm IN THE STOMACH. IF INTF:C)DlJCTIOr~ AND EEMO’JAL OF LA’JAGE 
I:‘LUT.O EY GRAVITY REQUIRES MORE THAN FIVE MINIlTES9 ASSIST WITH ASEF’TO 
SYRINGE + F’REIJENT ASPIRATION W X TH ClJFFELi ENDOTRACHEAL TIJEE + AVOID GIVING 
LARGE QIJANTTTIES OF’ LJATER, IF F’ATTENT COMATOSE:? INTUEATE TRACHEA WITH 
CUFFEKl ENDOTKACHEAL T!JF(E. SUCCINYLCHLORINE MAY BE ADMINISTERED BY 
QUALIFIED MEDICAL F’ERSONNEL TO EASE INSERTION OF TRACHEAL CATHETEF: F’RIOF: 
TO F’ASSAGE OF STOMACH TUBE+ F’ROCEDUK’E MUST BE F’ERFOKMETI FY QUALIFIED 
MECIICAL PERSONNEL. (DREISEACH f HANDBOOK OF F’OXSONINGr 1.2TH ED.). 

(8 OF S> 
METHEMOGLOEINEMIA: (WHEN METHEMOGLOEIN CONCENTRATION IS OVEF? 25-40X OR IN 
THE F’RESENCE OF SYMF’TOMS). GIVE METHYLENE BLUE? 1% SOLUTXON~ 011 ML/KG 
INTRAVENOUSLY OVER A 10 MINlJTE F’ERIOIt. CYANOSIS MAY DISAPF’EAR WITHIN 
MINUTES OR F’ERSIST LONGER DEF’ENISING ON DEGREE OF METHEMOGLOBINEMIA, 
INTRAVENOUS ADMINISTRATION OF THERAPEUTIC DOSES OF METHYLENE FLUE MAY 
CAUSE A Ii’ISE IN ELOOD PRESSUEEP NAUSEAy ANIl DIZZINESS, LARGER DOSES 
(::>500 MG> CAUSE VOMITING9 DIARRHEAS CHEST F’AINv MENTAL CONFUSIUNP 
CYANOSIS. ANIl SWEATING, HEMDLYTXC ANEMIA HAS ALSO OCCURRED SEVERAL DAYS 
AFTER ADMINISTRATION. THESE EFFECTS ARE TEMYORAKYr ANI] FATALITIES HAyE 
NOT BEEN REF’ORTEXl. l’F METHYLENE ELUE IS NOT AVAILABLE? GIVE ASCORBIC 
ACIDp I GRAM SLOWLY INTRAVENOUSLY, WITHOUT TREATMENT7 METHEMOGLOBINEMIA 
LEVELS OF 20-30:! REVERT TO NORMAL WITHIN 3 DAYS. (DREISBACHr HANIlBOOK OF 
POISONINGY l2TH ED.). ANTIDOTE SHOULD EE ADMINXSTEKD r<Y QUALIFIED 
MED 3’CAL F’ERSGNNEL + 

11 T 
SPECIAL DIAGNOSTIC TESTS AND INDEXES OF EXF’OSIJRE: 
ELOOKl CHEMISTRY + 
URINALYSIS. 

Cl OF 29) 
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1 
ACCESSION NUMBER: 2580. 9208. 
CHEMICAL NAME: PHOSPHORUS, RED. 
SYNONYMS : RED PHOSPHOROUS. PHOSPHORUS. PHORPHOROUS. PHOSPHORUS, 
AMORPHOUS, RED. UN 1338. PHOSPHORUS (RED). PHOSPHORUS-31. 
CAS NUMBER: 7723-14-O. 

DARK RED TO VIOLET POLYMORPHIC POWDER;HIGHLY TOXIC. 

C:\PCPLUS\1156OA 09/08/92 
PHOSPHORUS (2) 

w------------ 

AN 
CN 
SY 

RN 

REG. TOXIC NUMBER: TH3495000. 

CHEMICAL FORMULA: P. 
PD 

PHYSICAL DESCRIPTION:. 

MOL WT: 
BOILING PT: 
SOLUBILITY: 
FLASH PT: 
VAPOR PRES: 
MELT PT: 
UEL IN AIR: 
LEL IN AIR: 
MEC IN AIR: 
SPEC GRAVITY:. 
VAPOR DENSITY: 
ODOR THRESHOLD: 
OCTANOL/WATER CO-EFFICIENT:. 

EL 
PERMISSABLE EXPOSURE: 
NONE ESTABLISHED 

124.08 
536 F 
INSOLUBLE 
FLAMMABLE 
N/A 
1094 F AT 43 ATM 
FLAMMABLE 
FLAMMABLE 
500 F 
2.34 
4.3 

CERCLA HAZARD RATINGS - TOXICITY 1 - IGNITABILITY 1 - REACTIVITY 1 - 
PERSISTENCE 3 

29CFR1910.1200 OSHA HAZARD COMMUNICATION STANDARD REQUIRES CHEMICAL 
MANUFACTURERS AND IMPORTERS TO ASSESS THE HAZARDS OF CHEMICALS WHICH THEY 
PRODUCE OR IMPORT, AND ALL EMPLOYERS TO PROVIDE INFORMATION TO THEIR 
EMPLOYEES CONCERNING HAZARDOUS CHEMICALS BY MEANS OF A HAZARD 
COMMUNICATION PROGRAM, LABELS AND OTHER FORMS OF WARNING, MATERIAL SAFETY 
DATA SHEETS, AND INFORMATION AND TRAINING. REQUIRES DISTRIBUTORS TO 
TRANSMIT REQUIRED INFORMATION TO EMPLOYEES. 

IC 

CL 

DANGEROUS EXPOSURE: 
NONE SPECIFIED 

DARK RED TO VIOLET POLYMORPHIC. 

INCOMPATIBILITIES: 
POTASSIUM CHLORATE. PERMANGANATES. PEROXIDES. OXYGEN. SHOCK MAY 
DETONATE OR EXPLODE.. ORGANIC MATTER. THERMAL DECOMPOSITION PRODUCTS ARE 
HAZARDOUS AND/OR TOXIC. REDUCING AGENTS. 

CLOTHING: 
NO NIOSH/OSHA DATA; RECOMMEND 
PREVENT ANY POSSIBILITY OF SKIN CONTACT 
WEAR FLAME RESISTANT CLOTHING 
WEAR IMPERVIOUS CLOTHING 
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WEAR GLOVES 
WEAR FACESHIELD (8 INCH MINIMUM) 
PLACE CONTAMINATED CLOTHING IN CLOSED CONTAINERS FOR STORAGE 'UNTIL 
LAUNDERED OR DISCARDED 
IF CLOTHING IS TO BE LAUNDERED, INFORM PERSON PERFORMING OPERATION OF 
CONTAMINANT'S HAZARDOUS PROPERTIES. 

WEAR EYE PROTECTION TO PREVENT: 
NO STANDARD REQUIREMENT, BUT ADVISE EYE PROTECTION TO 
PREVENT REASONABLE PROBABILITY OF EYE CONTACT. 

EMPLOYEE SHOULD WASH: 
NO STANDARD REQUIREMENT, BUT ADVISE WASHING 
PROMPTLY WHEN SKIN BECOMES CONTAMINATED. 

WORE CLOTHING SHOULD BE CHANGED DAILY: 
NO STANDARD REQUIREMENT, BUT ADVISE CHANGING 
IF IT IS REASONABLY PROBABLE THAT CLOTHING IS CONTAMINATED. 

REMOVE CLOTHING: 
NO STANDARD REQUIREMENT, BUT ADVISE REMOVING 
PROMPTLY IF IT IS NON-IMPERVIOUS AND CONTAMINATED. 

THE FOLLOWING EQUIPMENT SHOULD BE AVAILABLE: 
NO NIOSH/OSHA DATA, ADVISE: 
EYE-WASH FOUNTAIN WITHIN IMMEDIATE WORE AREA WHERE EMPLOYEE'S EYES MAY BE 
EXPOSED TO SUBSTANCE. 

RP 
RESPIRATOR SELECTION (UPPER LIMIT DEVICES PERMITTED): 
1 MG/M3 

- DUST AND MIST RESPIRATOR WITH A FULL FACEPIECE 

2.5 MG/M3 
- POWERED AIR-PURIFYING RESPIRATOR WITH A HIGH-EFFICIENCY 

PARTICULATE FILTER 
- SUPPLIED-AIR RESPIRATOR OPERATED IN CONTINUOUS FLOW MODE 

5 MG/M3 
- SELF-CONTAINED BREATHING APPARATUS WITH A FULL FACE-PIECE 
- SUPPLIED-AIR RESPIRATOR 
WITH A FULL FACE-PIECE 
- AIR-PURIFYING FULL FACEPIECE RESPIRATOR WITH A HIGH-EFFICIENCY 

PARTICULATE FILTER 

200 MG/M3 
- SUPPLIED-AIR RESPIRATOR WITH FULL FACEPIECE OPERATED IN 

PRESSURE-DEMAND OR OTHER POSITIVE PRESSURE MODE 

ESCAPE 
- AIR-PURIFYING FULL FACEPIECE RESPIRATOR WITH A HIGH-EFFICIENCY 

PARTICULATE FILTER 
- APPROPRIATE ESCAPE-TYPE SELF-CONTAINED BREATHING APPARATUS 

FIREFIGHTING 
- SELF-CONTAINED BREATHING APPARATUS WITH A FULL FACE-PIECE 

OPERATED IN PRESSURE-DEMAND OR POSITIVE-PRESSURE MODE 

FIREFIGHTING 
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(3 OF 9) 
IF THIS CHEMICAL HAS BEEN INHALED, REMOVE FROM EXPOSURE AREA TO FRESH , 
IMMEDIATELY. IF BREATHING HAS STOPPED, PERFORM ARTIFICIAL RESPIRATION 
KEEP PERSON WARM AND AT REST. TREAT SYMPTOMATICALLY AND SUPPORTIVELY. 
GET MEDICAL ATTENTION IMMEDIATELY. 

(4 OF 9) 
WHEN THIS CHEMICAL HAS BEEN SWALLOWED, DO NOT INDUCE VOMITING. REMOVE 
GASTRIC LAVAGE AND CATHARSIS. 

(5 OF 9) 
PHOSPHORUS/PHOSPHINE/PHOSPHIDE EXPOSURE: EMERGENCY TREATMENT -'REMOVE 

.._, . . 

. ': 

POISON BY GASTRIC LAVAGE WITH 5-10 L OF TAP WATER. ZF A GASTRIC TUBE 
NOT IMMEDIATELY AVAILABLE, INDUCE EMESIS. TREATMENT MUST BE PERFORMEI 
QUALIFIED MEDICAL PERSONNEL. FURTHER TREATMENT - TREAT PULMONARY EDEI 
AND SHOCK. GIVE 10% CALCIUM GLUCONATE, 10 ML INTRAVENOUSLY, TO MAINT; 
SERUM CALCIUM. GIVE 1-4 LITERS OF 5% GLUCOSE IN WATER OR 10% INVERT 
SUGAR IN WATER INTRAVENOUSLY DAILY UNTIL A HIGH CARBOHYDRATE DIET CAN 
GIVEN ORALLY. TREAT HEPATIC FAILURE. GET MEDICAL ATTENTION IMMEDIAT 
(DREISBACH, HANDBOOK OF POISONING, 12TH ED.). 

:. 

:. : 

. : 

,_-‘- 

:. 
,. _' -. ._ '_. : . . ._ .. 1.: 

. . . .: : .:. ;_: .-.. -: 
: . . . ,. .: 
:.__ .: ,__. '. 

(6 OF 9) 
GASTRIC LAVAGE - GIVE PATIENT GLASS OF WATER PRIOR TO PASSING OF STOP 
TUBE. LAY PATIENT ON ONE SIDE, WITH HEAD LOWER THAN WAIST. IMMOBILI 
A STRUGGLING PATIENT WITH A SHEET OR BLANKET. MEASURE DISTANCE ON TC 
FROM MOUTH TO EPIGASTRIUM, MARX TUBE WITH INDELIBLE MARKING OR TAPE. 
REMOVE DENTURES AND OTHER FOREIGN OBJECTS FROM THE MOUTH. OPEN MOUTt 
USE GAG IF NECESSARY. EXTEND HEAD BY LIFTING CHIN. PASS TUBE OVER 
TONGUE AND TOWARD BACK OF THROAT WITHOUT EXTENDING HEAD OR NECK. IF 
OBSTRUCTION IS MET BEFORE THE MARK ON TUBE REACHES LEVELS OF THE TEE': 
DO NOT FORCE, BUT REMOVE TUBE AND REPEAT PROCEDURE UNTIL TUBE PASSES 
MARX. PLACE END OF TUBE IN GLASS OF WATER. IF TUBE IS OBSTRUCTED W 
INTRODUCED ABOUT HALFWAY TO THE MARK, IT MAY HAVE ENTERED TRACHEA. , 
TUBE IS PLACED IN STOMACH, ASPIRATE FIRST TO REMOVE STOMACH CONTENTS 
IRRIGATION SYRINGE. SAVE STOMACH CONTENTS FOR EXAMINATION, AND REPE 
INTRODUCTION AND WITHDRAWL OF 100-300 ML WARM WATER UNTIL AT LEAST 3 

USE ACTIVATED CHARCOAL AT BEG1 LITERS OF CLEAR RETURN ARE OBTAINED. 
OF LAVAGE TO AID IN POISON INACTIVATION. LEAVE 50 GRAMS OF CHARCOAI 
SUSPENDED IN WATER IN THE STOMACH. IF INTRODUCTION AND REMOVAL OF I 
FLUID BY GRAVITY REQUIRES MORE THAN FIVE MINUTES, ASSIST WITH ASEPTC 
SYRINGE. PREVENT ASPIRATION WITH CUFFED ENDOTRACHEAL TUBE. AVOID C 
LARGE QUANTITIES OF WATER. IF PATIENT COMATOSE, INTUBATE TRACHEA WI 
CUFFED ENDOTRACHEAL TUBE. SUCCINYLCHLORINE MAY BE ADMINISTERED BY 
QUALIFIED MEDICAL PERSONNEL TO EASE INSERTION OF TRACHEAL CATHETER I 
TO PASSAGE O'F STOMACH TUBE. PROCEDURE MUST BE PERFORMED BY QUALIFII 
MEDICAL PERSONNEL. (DREISBACH, HANDBOOK OF POISONING, 12TH ED.). 

(7 OF 9) 
PULMONARY EDEMA - RELI'EVE ANXIETY. GIVE MORPHINE SULFATE, 10 MG, T 

.- DECREASE RATE OF RAPID, INEFFICIENT RESPIRATION. GIVE 40% OXYGEN B 
MASK. USE INTERMITTENT POSITIVE-PRESSURE OXYGEN RESUSCITATOR FOR S 
PERIODS. GIVE AMINOPHYLLINE, 0.5 G, INTRAVENOUSLY, TO RELIEVE ASS0 

_. r . . . _' BRONCHIAL CONSTRICTION. .TREAT EDEMA CAUSED BY MORPHINE OR MORPHINE 
ANALOGS BY GIVING NALOXONE AND OXYGEN. GENERAL MEASURES - DIURESIS 
ETHACRYNIC ACID (EDECRIN), 25 MG ORALLY OR INTRAVEiNOUSLY, OR FLURO: 
20-80 MG ORALLY OR INTRAVENOUSLY, IS HELPFUL BECAUSE IT REDUCES FLP 
VOLUME. DO NOT INJECT AT A RATE FASTER THAN 10 MG/MIN. GIVE 
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1 SELF-CONTAINED BREATHING APPARATUS 
WITH A FULL FACE-PIECE ", ,., 
OPERATED IN PRESSURE-DEMAND OR POSITIVE-PRESSURE MODE. 

MS 

RE 

TO 

SP 

FA 

MEDICAL SURVEILLANCE: 
NO INFORMATION AVAILABLE FROM NIOSH/OSHA "OCCUPATIONAL HEALTH GUIDELINES 
FOR CHEMICAL HAZARDS"; ADVISE: CENTRAL NERVOUS SYSTEM TESTS, PERIPHERAL 
NEUROPATHY. 
GENERAL MEDICAL HISTORY. 
40CFR717 RECORDS AND REPORTS OF ALLEGATIONS THAT CHEMICAL SUBSTANCES 
CAUSE SIGNIFICANT ADVERSE REACTIONS TO HEALTH OR THE ENVIRONMENT TOXIC 
SUBSTANCES CONTROL ACT (TSCA) SECTION 8(C) RULE REQUIRES MANUFACTURERS. 
AND CERTAIN PROCESSORS OF CHEMICAL SUBSTANCES AND MIXTURES TO KEEP 
RECORDS OF SIGNIFICANT ADVERSE REACTIONS TO EMPLOYEE HEALTH FOR 30 
YEARS. . . . 
PHYSICIAN PRE-PLACEMENT AND ANNUAL EXAMS. 
MEDICAL WARNING FOR REFUSAL OF MEDICAL EXAMINATION. 
PULMONARY FUNCTIONS. 
RESPIRATORY HISTORY. 
SKIN EXAM. 
VISION TEST. 
29CFR1910.20 OSHA STANDARD SUBPART C - GENERAL SAFETY AND HEALTH 
PROVISIONS PROVIDES FOR EMPLOYEE, DESIGNATED REPRESENTATIVE, AND OSHA 
ACCESS TO EMPLOYER-MAINTAINED EXPOSURE AND MEDICAL RECORDS RELEVANT TO 
EMPLOYEES EXPOSED 
53FR38140 g/29/88 

ROUTE OF ENTRY: 
INHALATION. SKIN 

TARGET ORGANS: 

TO TOXIC SUBSTANCES AND HARMFUL PHYSICAL AGiENTS. 
(AMENDED). 

OR EYE CONTACT. 

EYES. SKIN. RESPIRATORY SYSTEM. 

SYMPTOMS: 
EYE, ORGAN OF SIGHT (SCO170); 
IRRITATION, EXTREME REACTION TO A 
SKIN, COVERING OF BODY (SC0174); 
IRRITATION, EXTREME REACTION TO A 

MUCOUS MEMBRANES. 

CONDITION (SCOOSO). 

CONDITION (SCOOSO). 
RESPIRATORY, PERTAINING TO THE LUNGS (SC0142); 
IRRITATION, EXTREME REACTION TO A CONDITION (SCOOSO). 
MUCOUS MEMBRANE, MEMBRANE LINING PASSAGES/CAVITIES (SCOlOS); 
IRRITATION, EXTREME REACTION TO A CONDITION (SCOOSO). 
RESPIRATORY, PERTAINING TO THE LUNGS (SC0142); 
EDEMA, FLUID RETENTION WITH SWELLING (SC0181). 

FIRST AID. 

(1 OF 9) 
IF THIS CHEMICAL GETS INTO THE EYES, WASH THE EYES IMMEDIATELY WITH LARGE 
AMOUNTS OF WATER OR NORMAL SALINE, OCCASIONALLY LIFTING UPPER AND LOWER 
LIDS, UNTIL NO EVIDENCE OF CHEMICAL REMAINS (APPROXIMATELY 15-20 
MINUTES). GET MEDICAL ATTENTION IMMEDIATELY. 

(2 OF 9) 
IF THIS CHEMICAL GETS ON THE SKIN, 'REMOVE CONTAMINATED CLOTHING AND SHOE. 
IMMEDIATELY. WASH AFFECTED AREA WITH SOAP OR MILD DETERGENT AND LARGE 
AMOUNTS OF WATER UNTIL NO EVIDENCE OF CHEMICAL REMAINS (APPROXIMATELY 
15-20 MINUTES). GET MEDICAL ATTENTION IMMEDIATELY. 



C:\PCPLUS\11560A 09/08/92 5 
CORTICOSTEROID ANTI-INFLAMMATORY AGENT IN MAXIMUM DOSES. IF PULMONARY 

v" EDEMA IS THE RESULT OF HEART FAILURE, DIGITALIZE THE PATIENT. PROCEDURE 
MUST BE PERFORMED BY QUALIFIED MEDICAL PERSONNEL. (DREISBACH, HANDBOOK 
OF POISONING, 12TH ED.). 

(8 OF 9) 
CIRCULATORY FAILURE/SHOCK - PLACE PATIENT IN SUPINE POSITION WITH FEET 
ELEVATED. ESTABLISH AND MAINTAIN AN ADEQUATE AIRWAY. MAINTAIN BODY 
WARMTH BY APPLICATION OF BLANKETS, BUT DO NOT APPLY EXTERNAL HEAT. 
RELIEVE PAIN WITH MORPHINE SULFATE, 10 MG/70 KG SUBCUTANEOUSLY OR 
INTRAVENOUSLY, FOR OTHERWISE UNCONTROLLABLE PAIN. DO NOT GIVE MORPHINE 
TO UNCONSCIOUS OR STUPOROUS PATIENTS. PATIENTS WITH DEPRESSED 
RESPIRATION SHOULD NOT BE GIVEN MORPHINE UNLESS PERSONNEL AND EQUIPMENT 
TO MAINTAIN RESPIRATION ARE IMMEDIATELY AVAILABLE. RESTORE AND MAINTAIN 
ADEQUATE BLOOD VOLUME; PROCEDURE MUST PERFORMED BY QUALIFIED MEDICAL 
PERSONNEL. (DREISBACH, HANDBOOK OF POISONING, 12TH ED.). 

(9 OF 9) 
LIVER DAMAGE - DISCONTINUE ALL DRUGS AND CHEMICALS. MAINTAIN COMPLETE 
BED REST. AVOID ANESTHESIA OR SURGICAL PROCEDURES. AVOID DIEHYDRATION OR 
OVERHYDRATION. IF VOMITING IS SEVERE AND ORAL FLUIDS ARE NOT RETAINED, 
REPLACE VOMITUS WITH AN EQUAL QUANTITY OF 5-10% DEXTROSE IN 0.3-0.5 N, 
SALINE. ADMINISTER MAINTENANCE FLUIDS AND ELECTROLYTES AS N:ECESSARY, 
DEPENDING ON RENAL FUNCTION. RESUME ORAL FEEDINGS AS SOON AS THE PATIENT 
CAN TOLERATE THEM. CONTROL THE AMOUNT OF PROTEIN IN THE DIET IN ORDER TO 
CORRECT THE SERUM PROTEIN LEVEL. GIVE VITAMIN X, PHYTONADIONE, 2.5 MG 
DAILY. ,,(, ,). IF ANEMIA IS SEVERE, CONSIDER A BLOOD TRANSFUSION. IPROCEDURE 
MUST BE PERFORMED BY QUALIFIED MEDICAL PERSONNEL. (DREISBAC:H, HANDBOOK 
OF POISONING, 12TH ED.). 

AN ACCEiSION NUMBER: 2581. 9208. 
CN CHEMICAL NAME: PHOSPHORUS, WHITE. 
SY SYNONYMS: WHITE PHOSPHOROUS. YELLOW PHOSPHORUS. YELLOW PHOSPHOROUS. 

PHOSPHOROUS. PHOSPHORUS. UN 1381. CRYSTALLINE PHOSPHORUS. PHOSPHORUS 
YELLOW. PHOSPHORUS (WHITE). PHOSPHOROUS WHITE DRY. WHITE PHOSPHORUS. 
PHOSPHORUS (YELLOW). PHOSPHORUS, ELEMENTAL, WHITE. PHOSPHORUS YELLOW 
DRY. RAT-NIP. STCC 4916140. WP. 

RN CAS NUMBER: 7723-14-0. 

REG. TOXIC NUMBER: TH3500000. 

,, CHEMICAL FORMULA: P4. 
\ 

PHYSICAL DESCRIPTION: 
WHITE, YELLOW, OR COLORLESS, TRANSPARENT, SOFT, WAXY, CUBIC, CRYSTALLINE 
SOLID WITH A PUNGENT, GARLIC-LIKE ODOR; DARKENS UPON EXPOSURE TO LIGHT; 
GLOWS IN THE DARX WITH A GREENISH LIGHT. 
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MOL WT: 123.89 
BOILING PT: 536 F (280 C) 
SOLUBILITY: NEGLIGIBLE 
FLASH PT: FLAMMABLE SOLID 
VAPOR PRES: 0.028 MMHG @ 21 C 
MELT PT: 111 F (44 C) 
UEL IN AIR: NOT AVAILABLE 
LEL IN AIR: NOT AVAILABLE 
MEC IN AIR: 86 F (30 C) 
SPEC GRAVITY: 1.82 
VAPOR DENSITY: 4.4 
ODOR THRESHOLD: 
OCTANOL/WATER CO-EFFICIENT:. 

EL .- 
PERMISSABLE EXPOSURE: 
0.1 MG/M3 OSHA TWA 
0.1 MG/M3 ACGIH TWA 

. 

0.1 MG/M3 NIOSH RECOMMENDED 10 HOUR TWA 
REPRODUCTIVE EFFECTS DATA (RTECS) 
AQUATIC TOXICITY RATING 4/+ (TLM96 <l PPM) 
LEPMOIS MACROCHIRUS 0.072 PPM 
CERCLA HAZARD RATINGS - TOXICITY 3 - IGNITABILITY 3 - REACTIVITY 2 
PERSISTENCE-3 
TOXICOLOGY: PHOSPHORUS, WHITE IS CORROSIVE TO THE SKIN, EYES AND 
MUCOUS MEMBRANES. IT IS HIGHLY TOXIC BY INGESTION. POISONING MAY 
AFFECT THE LIVER, KIDNEYS, BRAIN, TEETH AND BONES. SOLID PHOSPHORUS 
MAY IGNITE AND PRODUCE SEVERE YELLOWISH NECROTIC THERMAL BURNS. THEY 
MAY FLUORESCE UNDER ULTRAVIOLET LIGHT AND HAVE A GARLIC LIKE ODOR. 
SYMPTOMS MAY INCLUDE PHOTOPHOBIA, INTENSE THIRST, FUMING OF BREATH OR 
EXCRETA AND CARDIAC ARRHYTHMIA WITHIN 1 TO 2 HOURS. DEATH F:ROM 
PERIPHERAL VASCULAR COLLAPSE OR CARDIAC ARREST MAY OCCUR IN 24 TO 48 
HOURS OR SYMPTOMS MAY SUBSIDE AND RECUR IN SEVERAL DAYS WITH GREATER 
INTENSITY. A FEW MILLIGRAMS MAY CAUSE ACUTE HEPATIC DAMAGE 'WITH 
RENAL PATHOLOGIC CHANGES, HEPATIC ENCEPHALOPATHY OR DEATH DUE TO 
ACUTE YELLOW ATROPHY OF THE LIVER. PHOSPHORUS ACTS AS A SOLVENT ON 
THE TEETH CAUSING CHANGES WHICH LEAD TO BONE DESTRUCTION RESULTING 
IN A SEVERE DEFORMITY KNOWN AS "PHOSSY JAW". THE SHORTEST PERIOD OF 
EXPOSURE RESULTING IN PHOSSY JAW WAS 10 MONTHS. 
THE THRESHOLD LIMIT VALUE WAS SET TO PREVENT ACUTE POISONING BUT 
MAY NOT PROVIDE A WIDE MARGIN OF SAFETY FROM UNDESIRABLE EFFECTS. 
PERSONS WITH CARIOUS TEETH AND POOR DENTAL HYGIENE MAY BE AT AN 
INCREASED RISK FROM EXPOSURE. INGESTION OF ALCOHOL, DIGESTIBLE FATS AND 
OILS MAY ENHANCE THE TOXIC EFFECTS. 
ORL-HMN LDLO: 1400 UG/XG ORL-WMN LDLO: 22 MG/XG 
ORL-WMN TDLO: 11 MG/XG ORL-WMN LDLO: 4600 UG/XG 
ORL-WMN TDLO: 2600 UG/XG ORL-RAT LDSO: 3030 UG/XG 

6 

29CFR1910.1200 OSHA HAZARD COMMUNICATION STANDARD REQUIRES CHEMICAL 
MANUFACTURERS AND IMPORTERS TO ASSESS THE HAZARDS OF CHEMICALS WHICH THEY 
PRODUCE OR IMPORT, AND ALL EMPLOYERS TO PROVIDE INFORMATION TO THEIR 
EMPLOYEES CONCERNING HAZARDOUS CHEMICALS BY MEANS OF A HAZARD 
COMMUNICATION PROGRAM, LABELS AND OTHER FORMS OF WARNING, MATERIAL SAFETY, 
DATA SHEETS, AND INFORMATION AND TRAINING. REQUIRES DISTRIBUTORS TO 

. TRANSMIT REQUIRED INFORMATION TO EMPLOYEES. 

DANGEROUS EXPOSURE: 
NONE SPECIFIED 
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,. - . 
WHITE, YELL'OW, OR COLORLESS, T. 

INCOMPATIBILITIES: 
ACIDS. BROMATES. CHLORATES. HALOGENS (BROMINE, CHLORINE, IODINE, 
FLUORINE). HYPOCHLORITES. IODATES. METAL ACETYLIDES OR CARBIDES. 
METALS. OXIDIZERS. ALKALI METAL NITRIDES. METAL FUME FEVER CAUSED BY 
EXPOSURE TO SOME METAL OXIDES; CHILLS,FEVER,MUSCULAR PAIN. 
INTERHALOGENS. HALOGEN AZIDES. REACTS WITH 'WATER TO FORM AN ACID. 
POLYMERIZES AT HIGH TEMPERATURES. SPONTANEOUSLY FLAMMABLE IN AIR. 

CL 
CLOTHING: 

FOLLOWING INFORMATION :FROM NIOSH/OSHA "OCCUPATIONAL HEALTH G'IJIDELINES FOR 
CHEMICAL HAZARDS": 
EMPLOYERS SHALL PROVIDE AND ENSURE THAT EMPLOYEES USE APPROPRIATE 
FLAME-RETARDANT PROTECTIVE CLOTHING AND EQUIPMENT NECESSARY TO PREVENT 
ANY POSSIBILITY OF SKIN CONTACT WITH SOLID OR LIQUID PHOSPHORUS. FACE 
SHIELDS SHALL COMPLY WITH 29CFR1910.133(A)(2), (A)(4), (A)(5), AND 
(A) (6) l 

EMPLOYERS SHALL ENSURE THAT CLOTHING CONTAMINATED WITH PHOSPHORUS 
IS PLACED UNDERWATER IN CLOSED CONTAINERS FOR STORAGE UNTIL THE EMPLOYER 
PROVIDES FOR THE REMOVAL OF PHOSPHORUS FROM THE CLOTHING. IF THE CLOTHING 
IS TO BE LAUNDERED OR OTHERWISE CLEANED TO REMOVE THE PHOSPHORUS, THE 
EMPLOYER SHALL INFORM THE PERSON PERFORMING THE OPERATION OF THE 
HAZARDOUS PROPERTIES OF THE SUBSTANCE. 

WEAR EYE PROTECTION TO PREVENT: 

. . 

FOLLOWING INFORMATION FROM NIOSH/OSHA 'OCCUPATIONAL HEALTH GUIDELINES FOR 
CHEMICAL HAZARDS": 
EMPLOYERS SHALL PROVIDE AND ENSURE THAT EMPLOYEES USE DUST-RESISTANT 
SAFETY GOGGLES WHICH COMPLY WITH 29CFR1910.133(A)(2)-(A)(6) WHERE THERE 
IS ANY POSSIBILITY OF THIS SOLID CONTACTING THE EYES. 

EMPLOYEE SHOULD WASH: 
FOLLOWING INFORMATION FROM NIOSH/OSHA "OCCUPATIONAL HEALTH GUIDELINES FOR 
CHEMICAL HAZARDS": 
EMPLOYERS SHALL ENSURE THAT EMPLOYEES WHOSE SKIN BECOMES CONTAMINATED 
WITH THIS SUBSTANCE IMMEDIATELY WASH OR SHOWER WITH SOAP OR MILD 
DETERGENT AND WATER TO REMOVE ANY CONTAMINANT FROM THE SKIN. 
EMPLOYERS SHALL ENSURE THAT ALL EMPLOYEES SUBJECT TO SKIN CONTACT WITH 
THIS SUBSTANCE WASH WITH SOAP OR MILD DETERGENT AND WATER ANY AREAS OF 
THE BODY WHICH MAY HAVE CONTACTED THE SUBSTANCE AT THE END 01' EACH WORE 
DAY. 
EMPLOYERS SHALL ENSURE THAT EMPLOYEES WHO HANDLE THIS SUBSTANCE WASH 
THEIR HANDS THOROUGHLY WITH SOAP OR MILD DETERGENT AND WATER BEFORE 
EATING, SMOKING, OR USING TOILET FACILITIES. 

WORK CLOTHING SHOULD BE CHANGED DAILY: 
NO SPECIFIC REQUIREMENT. IF INDICATED BY THE NATURE OF THE CONTAMINANT 
AND THE EXTENT OF EXPOSURE, CHANGE INTO UNCONTAMINATED CLOTHTNG BEFORE 
LEAVING THE WORK PREMISES. 

REMOVE CLOTHING: 

1" 
FOLLOWING INFORMATION :FROM NIOSH/OSHA "OCCUPATIONAL HEALTH GJJIDELINES FOR 
CHEMICAL HAZARDS": 
EMPLOYERS SHALL ENSURE THAT ANY CLOTHING WHICH BECOMES WET WITH THIS 
FLAMMABLE LIQUID BE REMOVED IMMEDIATELY AND NOT REWORN UNTIL THE 
SUBSTANCE IS REMOVED FROM THE CLOTHING. 

THE FOLLOWING EQUIPM%NT SHOULD BE AVAILABLE: 



C:\PCPLUS\11560A 09/08/92 E 
FOLLOWING INFORMATION FROM NIOSH/OSHA "OCCUPATIONAL HEALTH GUIDELINES FOR 
CHEMICAL HAZARDS": 
WHERE THERE IS ANY POSSIBILITY OF EXPOSURE OF AN EMPLOYEE'S BODY TO THIN*"-" 
SUBSTANCE, EMPLOYERS SHALL PROVIDE FACILITIES FOR QUICK DRENCHING OF TH 
BODY WITHIN THE IMMEDIATE WORK AREA FOR EMERGENCY USE. 
WHERE THERE IS ANY POSSIBILITY THAT AN EMPLOYEE'S EYES MAY BE EXPOSED TO 
THIS SUBSTANCE, EMPLOYERS SHALL PROVIDE AN EYE-WASH FOUNTAIN WITHIN THE 
IMMEDIATE WORK AREA FOR EMERGENCY USE. 
EMPLOYERS SHALL ENSURE THAT EMPLOYEES DO NOT EAT OR SMOKE IN AREAS WHERE 
THIS SUBSTANCE IS HANDLED, PROCESSED OR STORED. 

RP 
RESPIRATOR SELECTION (UPPER LIMIT DEVICES PERMITTED): 
1 MG/M3 

- SUPPLIED-AIR RESPIRATOR 

2.5 MG/M3 . . 

- SUPPLIED-AIR RESPIRATOR OPERATED IN CONTINUOUS FLOW MODE 

5 MG/M3 
- SELF-CONTAINED BREATHING APPARATUS WITH A FULL FACE-PIECE 
- SUPPLIED-AIR RESPIRATOR 
WITH A FULL FACE-PIECE 

200 MG/M3 
- SUPPLIED-AIR RESPIRATOR WITH FULL FACEPIECE OPERATED IN 

PRESSURE-DEMAND OR OTHER POSITIVE PRESSURE MODE 

ESCAPE 
- APPROPRIATE ESCAPE-TYPE SELF-CONTAINED BREATHING APPARATUS 

FIREFIGHTING 
- SELF-CONTAINED BREATHING APPARATUS WITH A FULL FACE-PIECE 

OPERATED IN PRESSURE-DEMAND OR POSITIVE-PRESSURE MODE 
- SUPPLIED-AIR RESPIRATOR WITH A FULL FACEPIECE OPERATED IN 

PRESSURE-DEMAND OR OTHER POSITIVE PRESSURE MODE WITH AUXILIARY 
SELF-CONTAINED BREATHING APPARATUS OPERATED IN POSITIVE PRESSURE MODE. 

MS 
MEDICAL SURVEILLANCE: 
29CFR1910.20 OSHA STANDARD SUBPART C - GENERAL SAFETY AND HEALTH 
PROVISIONS PROVIDES FOR EMPLOYEE, DESIGNATED REPRESENTATIVE, AND OSHA 
ACCESS TO EMPLOYER-MAINTAINED EXPOSURE AND MEDICAL RECORDS RELEVANT TO 
EMPLOYEES EXPOSED TO TOXIC SUBSTANCES AND,HARMFUL PHYSICAL AGENTS. 
53FR38140 g/29/88 (AMENDED). 
4OCFR717 RECORDS AND REPORTS OF ALLEGATIONS THAT CHEMICAL SUBSTANCES 
CAUSE SIGNIFICANT ADVERSE REACTIONS TO HEALTH OR THE ENVIRONMENT TOXIC 
SUBSTANCES CONTROL ACT (TSCA) SECTION 8(C) RULE REQUIRES MANUFACTURERS 
AND CERTAIN PROCESSORS OF CHEMICAL SUBSTANCES AND MIXTURES TO KEEP 
RECORDS OF SIGNIFICANT ADVERSE REACTIONS TO EMPLOYEE HEALTH FOR 30 
YEARS. 
FOLLOWING INFORMATION FROM NIOSH/OSHA "OCCUPATIONAL HEALTH GUIDELINES FOR 
CHEMICAL HAZARDS". 
VISION TEST. 
CHRONIC RESPIRATORY DISEASE. 
RENAL AND LIVER FUNCTIONS. 
DENTAL X-RAY. 

. EYE'DISEASE. 
PULMONARY FUNCTIONS. 
SKIN EXAM. 
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RESPIRATORY HISTORY. 
COMPLETE BLOOD COUNT. 
BLOOD CHEMISTRY. 

9 

WITH EMPHASIS ON: GUMS AND TEETH. 

ROUTE OF ENTRY: 
INHALATION. SKIN ABSORPTIQN. INGESTION. SKIN OR EYE CONTACT. 

TARGET ORGANS: 
EYES. SKIN. RESPIRATORY SYSTEM. EYES. CARDIOVASCULAR SYSTEM. 
KIDNEYS. LIVER. TEETH. JAW. BLOOD. 

SYMPTOMS: 
EYE, ORGAN OF SIGHT (SCO170); 
IRRITATION, EXTREME REACTION TO A CONDITION (SCOO90). 
SKIN, COVERING OF BODY (SC0174); 
IRRITATION, EXTREME REACTION TO A CONDITION (SCOO90) 
MUCOUS MEMBRANE, MEMBRANE LINING PASSAGES/CAVITIES (SCOlOS); 
IRRITATION, EXTREME REACTION TO A CONDITION (SCOO90). COUGHING, FORCEFUL 
EXPIRATION (SC0173). DYSPNEA, DIFFICULTY IN BREATHING (SCOO!52). 
HALITOSIS, OFFENSIVE BREATH (SC0333). 
PULMONARY, PERTAINING TO THE RESPIRATORY TRACT (SCO500); 
EDEMA, FLUID RETENTION WITH SWELLING (SC0181). ABDOMINAL CRAMPS, PAINFUL 
SPASMS OF ABDOMINAL AREA (SC0218). NAUSEA, SICKNESS AT THE STOMACH 
(SCO115). VOMITING, PERTAINING TO NAUSEA (SC0166). DIARRHEA, 
UNCONTROLLED LOOSE BOWELS (SCO046). UNCONSCIOUSNESS, NOT AWAKE; 
INSENSIBLE (SC0198). 
BONE, PART OF THE SKELETON (SC0185); 
NECROSIS, DEAD TISSUE SURROUNDED BY WELL TISSUE(SC0116). WEAKNESS, LACK 
OF STRENGTH (SC0167). ANEMIA, RED BLOOD CELLS LESS THAN NORMAL (SCOO04). 
ANOREXIA, DIMINISHED APPETITE (SCOOOS). BRONCHITIS, INFLAMED BRONCHIAL 
MUCOUS MEMBRANES (SCO017). TOOTHACHE, PAIN IN A TOOTH (SCO461). 
VESICULATION, BLISTERING (SC0164). PHOTOPHOBIA, INTOLERANCE TO LIGHT 
(SCO131). SHOCK, SUDDEN PHYSICAL OR MENTAL DISTURBANCE(SC0228). 
BLEPHAROSPASM, SPASMODIC WINKING (SC0449). 
SKIN, COVERING OF BODY (SC0174); 
BURNS, TISSUE DAMAGE FROM HEAT (SC0175). 
EYE, ORGAN OF SIGHT (SCO170); 
BURNS, TISSUE DAMAGE FROM HEAT (SC0175). THIRST, DESIRE FOR WATER 
(SCO210). HEMATEMESIS, BLOODY VOMITUS (SC0273). OLIGURIA, DECREASED 
URINATION (SC0323). ALBUMINURIA, ALBUMIN (PROTEIN) IN URINE (SCOOOZ). 
ANURIA, COMPLETE LACK OF URINATION (SCO304). 
CARDIAC, PERTAINING TO HEART (SCO023); 
ARRHYTHMIA, ABSENCE OF RHYTHM; IRREGULARITY (SCOOlO). 
SKIN, COVERING OF BODY (SC0174); 
ERUPTION, A RASH OR LESION (SCO602). DEPRESSION, DECREASE IN 
ACTIVITY/FUNCTION (SCO043). DELIRIUM, STATE OF DISORIENTATION, CONFUSION 
(SC0288). HYPOTENSION, LOW BLOOD PRESSURE (SCO180). CYANOSIS, DARK 
BLUE/PURPLE SKIN COLOR (SCO038). HYPOGLYCEMIA, ABNORMALLY LOW BLOOD 
SUGAR (SC0321). KIDNEY DAMAGE, INJURY TO THE KIDNEY (SCO220). LIVER 
DAMAGE, INJURY TO THE LIVER (SC0221). CONJUNCTIVITIS, INFLAMMATION OF 
EYES (SCO031). STOMATITIS, INFLAMMATION OF THE MOUTH (SCO39!5). 
LACRIMATION, DISCHARGE OF TEARS (SCOO96). CONVULSIONS, SUDDEN MUSCLE 
CONTRACTIONS (SCO034). COMA, STATE OF DEEP UNCONSCIOUSNESS (SC0583). 
CARDIAC, PERTAINING TO HEART (SCO023); 
ARREST, A STOPPAGE (SC0577). 
CIRCULATORY, PERTAINING TO CIRCULATION (SC0613); 
COLLAPSE, EXTREME PROSTRATION (SCoo29). 
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HEPATIC, PERTAINING TO THE LIVER (SCOOSl); 
FAILURE, LOSS OF FUNCTION (SC0386). 
REPRODUCTIVE EFFECTS, BIRTH DEFECTS (SCO281); 
IN EXPERIMENTAL ANIMALS, (SC0212). 

FA 
FIRST AID. 

10 

(1 OF 8) 
IF THIS CHEMICAL GETS INTO THE EYES, WASH EYES IMMEDIATELY WITH LARGE 
AMOUNTS OF WATER, OCCASIONALLY LIFTING UPPER AND LOWER LIDS, UNTIL NO 
EVIDENCE OF CHEMICAL REMAINS (AT LEAST 15-20 MINUTES). CONTINUE 
IRRIGATING WITH NORMAL SALINE UNTIL THE PH HAS RETURNED TO NORMAL (30-60 
MINUTES). COVER WITH STERILE BANDAGES. GET MEDICAL ATTENTION 
IMMEDIATELY. 

(2 OF 8) 
._ 

PHOSPHORUS BURNS IN THE SKIN SHOULD BE IMMERSED IMMEDIATELY IN WATER TO 
AVOID CONTACT WITH AIR. PHOSPHORUS PARTICLES ARE REMOVED GENTLY UNDER 
WATER AND THE WOUND IS WASHED WITH 1% COPPER SULFATE SOLUTION TO COAT THE 
RESIDUAL PARTICLES WITH A PROTECTIVE FILM OF COPPER PHOSPHIDE; THESE 
FLUORESCE AND CAN BE READILY REMOVED IN A DARKENED ROOM. FOLLOWING 
INITIAL TREATMENT, CHEMICAL BURNS SHOULD BE TREATED AS THERMAL BURNS OF 
COMPARABLE SIZE AND EXTENT. (MERCK MANUAL, 15TH ED.). FOR BURNS, COVER 
AREA WITH STERILE, DRY DRESSING. BANDAGE SECURELY, BUT NOT TOO TIGHTLY. 
GET MEDICAL ATTENTION IMMEDIATELY. 

(3 OF 8) 
IF THIS CHEMICAL HAS BEEN INHALED, REMOVE FROM EXPOSURE AREA TO FRESH AIF, 
IMMEDIATELY. IF BREATHING HAS STOPPED, GIVE ARTIFICIAL RESPIRATION. 
MAINTAIN AIRWAY AND BLOOD PRESSURE AND ADMINISTER OXYGEN IF AVAILABLE. 
KEEP AFFECTED PERSON WARM AND AT REST. ADMINISTRATION OF OXYGEN SHOULD 
BE PERFORMED BY QUALIFIED PERSONNEL. TREAT SYMPTOMATICALLY AND 
SUPPORTIVELY. GET MEDICAL ATTENTION IMMEDIATELY. 

(4 OF 8) 
PHOSPHORUS/PHOSPHINE/PHOSPHIDE EXPOSURE: EMERGENCY TREATMENT - REMOVE 
POISON BY GASTRIC LAVAGE WITH 5-10 L OF TAP WATER. IF A GASTRIC TUBE IS 
NOT IMMEDIATELY AVAILABLE, INDUCE EMESIS. TREATMENT MUST BE PERFORMED BY 
QUALIFIED MEDICAL PERSONNEL. FURTHER TREATMENT - TREAT PULMONARY EDEMA 
AND SHOCK. GIVE 10% CALCIUM GLUCONATE, 10 ML INTRAVENQUSLY, TO MAINTAIN 
SERUM CALCIUM. GIVE l-4 LITERS OF 5% GLUCOSE IN WATER OR 10% INVERT 
SUGAR IN WATER INTRAVENOUSLY DAILY UNTIL A HIGH CARBOHYDRATE DIET CAN BE 
GIVEN ORALLY. TREAT HEPATIC FAILURE. GET MEDICAL ATTENTION IMMEDIATELY. 
(DREISBACH, HANDBOOK OF POISONING, 12TH ED.). 

(5 OF 8) 
GASTRIC LAVAGE - GIVE PATIENT GLASS OF WATER PRIOR TO PASSING OF STOMACH 
TUBE. .LAY PATIENT ON ONE SIDE, WITH HEAD LOWER THAN WAIST. IMMOBILIZE 
A STRUGGLING PATIENT WITH A SHEET OR BLANKET. MEASURE DISTANCE ON TUBE 
FROM MOUTH TO EPIGASTRIUM, MARK TUBE WITH INDELIBLE MARKING OR TAPE. 
REMOVE DENTURES AND OTHER FOREIGN OBJECTS FROM THE MOUTH. OPEN MOUTH, 
USE GAG IF NECESSARY. EXTEND HEAD BY LIFTING CHIN. PASS TUBE OVER 
TONGUE AND TOWARD BACK OF THROAT WITHOUT EXTENDING HEAD OR NECK. IF 
OBSTRUCTION IS MET BE:FORE THE MARK ON. TUBE REACHES LEVELS OF THE TEETH, 
DO NOT FORCE, BUT REMOVE TUBE AND REPEAT PROCEDURE,UNTIL TUBE PASSES TO 

. MARX. PLACE END OF TUBE IN GLASS OF WATER. IF TUBE IS OBSTRUCTED WHEN 
INTRODUCED ABOUT HALFWAY TO THE MARK, IT MAY HAVE ENTERED TRACHEA. AFTER 
TUBE IS PLACED IN STOMACH, ASPIRATE FIRST TO REMOVE STOMACH CONTENTS BY 
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IRRIGATION SYRINGE. SAVE STOMACH CONTENTS FOR EXAMINATION, AND REPEAT 
INTRODUCTION AND WITHDRAWL OF 100-300 ML WARM WATER UNTIL AT LEAST 3 
LITERS OF CLEAR RETURN ARE OBTAINED. USE ACTIVATED CHARCOAL AT BEGINNING 
OF LAVAGE TO AID IN POISON INACTIVATION. LEAVE 50 GRAMS OF CHARCOAL 
SUSPENDED IN WATER IN THE STOMACH. IF INTRODUCTION AND REMOVAL OF LAVAGE 
FLUID BY GRAVITY REQUIRES MORE THAN FIVE MINUTES, ASSIST WITH ASEPTO 
SYRINGE. PREVENT ASPIRATION WITH CUFFED ENDOTRACHEAL TUBE. AVOID GIVING 
LARGE QUANTITIES OF WATER. IF PATIENT COMATOSE, INTUBATE TRACHEA WITH 
CUFFED ENDOTRACHEAL TUBE. SUCCINYLCHLORINE MAY BE ADMINISTERED BY 
QUALIFIED MEDICAL PERSONNEL TO EASE INSERTION OF TRACHEAL CATHETER PRIOR 
TO PASSAGE OF STOMACH TUBE. PROCEDURE MUST BE PERFORMED BY QUALIFIED 
MEDICAL PERSONNEL. (DREISBACH, HANDBOOK OF POISONING, 12TH ED.). 

(6 OF 8) 
PULMONARY EDEMA - RELIEVE ANXIETY. GIVE MORPHINE SULFATE, 10 MG, TO 
DECREASE RATE OF RAPID, INEFFICIENT RESPIRATION. GIVE 40% OXYGEN BY FACE 
MASK. USE INTERMITTENT POSITIVE-PRESSURE OXYGEN RESUSCITATOR FOR SHORT 
PERIODS. GIVE AMINOPHYLLINE, 0.5 G, INTRAVENOUSLY, TO RELIEVE ASSOCIATED 
BRONCHIAL CONSTRICTION. TREAT EDEMA CAUSED BY MORPHINE OR MORPHINE 
ANALOGS BY GIVING NALOXONE AND OXYGEN. GENERAL MEASURES - DIURESIS WITH 
ETHACRYNIC ACID (EDECRIN), 25 MG ORALLY OR INTRAVENOUSLY, OR FLUROSEMIDE, 
20-80 MG ORALLY OR INTRAVENOUSLY, IS HELPFUL BECAUSE IT REDUCES FLUID 
VOLUME. DO NOT INJECT AT A RATE FASTER THAN 10 MG/MIN. GIVE 
CORTICOSTEROID ANTI-INFLAMMATORY AGENT IN MAXIMUM DOSES. IF PULMONARY 
EDEMA IS THE RESULT OF HEART FAILURE, DIGITALIZE THE PATIENT. PROCEDURE 
MUST BE PERFORMED BY QUALIFIED MEDICAL PERSONNEL. (DREISBACH, HANDBOOK 
OF POISONING, 12TH ED.). 

(7 OF 8) 
CIRCULATORY FAILURE/SHOCK - PLACE PATIENT IN SUPINE POSITION WITH FEET 
ELEVATED. ESTABLISH AND MAINTAIN AN ADEQUATE AIRWAY. MAINTAIN BODY 
WARMTH BY APPLICATION OF BLANKETS, BUT DO NOT APPLY EXTERNAL HEAT. 
RELIEVE PAIN WITH MORPHINE SULFATE, 10 MG/70 KG SUBCUTANEOUSLY OR 
INTRAVENOUSLY, FOR OTHERWISE UNCONTROLLABLE PAIN. DO NOT GIVE MORPHINE 
TO UNCONSCIOUS OR STUPOROUS PATIENTS. PATIENTS WITH DEPRESSED 
RESPIRATION SHOULD NOT BE GIVEN MORPHINE UNLESS PERSONNEL AND EQUIPMENT 
TO MAINTAIN RESPIRATION ARE IMMEDIATELY AVAILABLE. RESTORE AND MAINTAIN 
ADEQUATE BLOOD VOLUME. PROCEDURE MUST PERFORMED BY QUALIFIED MEDICAL 
PERSONNEL. (DREISBACH, HANDBOOK OF POISONING, 12TH ED.). 

(8 OF 8) 
LIVER DAMAGE - DISCONTINUE ALL DRUGS AND CHEMICALS. MAINTAIN COMPLETE 
BED REST. AVOID ANESTHESIA OR SURGICAL PROCEDURES. AVOID DEHYDRATION OR 
OVERHYDRATION. IF VOMITING IS SEVERE AND ORAL FLUIDS ARE NOT RETAINED, 
REPLACE VOMITUS WITH AN EQUAL QUANTITY OF 5010% DEXTROSE IN 0.3-0.5 N 
SALINE. ADMINISTER MAINTENANCE FLUIDS AND ELECTROLYTES AS NECESSARY, 
DEPENDING ON RENAL FUNCTION. RESUME ORAL FEEDINGS AS SOON AS THE PATIENT 
CAN TOLERATE THEM. CONTROL THE AMOUNT OF PROTEIN IN THE DIET IN ORDER TO 
CORRECT THE SERUM PROTEIN LEVEL. GIVE VITAMIN K, PHYTONADIONE, 2.5 MG 
DAILY. IF ANEMIA IS SEVERE, CONSIDER A BLOOD TRANSFUSION. PROCEDURE 
MUST BE PERFORMED BY QUALIFIED MEDICAL PERSONNEL. (DREISBACH, HANDBOOK 
OF POISONING, 12TH ED.). 
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ACCESSION NUMBER: 851. 9207. 
CHEMICAL NAME: CYCLOTRIiiETHYLENETRINITRAilINE. 
SYNONYi4S: UN 0072. CYCLOTRIMETHYLENENITRAMINE. HEXOLI TE . UN 0118. 
CYCLONITE. HEXOGEN. RDX, S-TRIAZXNEp HEXAHYDRO-*lr3p5-TRINITRn-, 
HEXAHYDRO-lvfr5-TRINITRO-S-TRIAZINE. 
HEXAHYDRO-1,3r5-TRINITRO-lr3,5-TRIAZINE. HEXOGEN (EXPLOSIVE). HEXOGEN 
SW. PBX(AF) 108, T4. TRIMETHYLENETRINITRAilINE. 
SYM-TRItlETHYLENETRINITRAHIb4E. TRINITROCYCLOTRIiiETHYLENE TRXAMINE. 
lr3r5-TRINITR~-l,3~S-TRIAZACYCLOHEXANE. 
CAS NUMBER: 121-82-4. 

REGe TOXIC NUMBER: xY9450000. 
._ 

CHEMICAL FORMULA: C3HbNb06. 

PHYSICAL DESCRIPTION: 
COLORLESS OR WHITE CRYSTALLINE POWDER. 

MOL UT: 
BOILING PT: 
SOLUHILITY: 
FLASH PT: 
UAPdR PRES: 
HELT PT: 
UEL IN AIR: 
LEL IN AIR: 
MEC IN AIR: 
SPEC GRAVITY: 
VAPOR DENSITY: 
ODOR THRESHOLD: 

222.15 
EXPLOSIVE 
INSOLUBLE 
EXPLOfrES 
0.0004 MM AT 230 F 
399 F 
EXYLOSIUE 
EXPLOSIVE 

1.82 

OCTANOL/WATER CO-EFFICIENT:. 

PERMISSAELE EXPOSURE: 
1.5 HG/M3 OSHA TWA (SKIN) 
1.5 t4G/M3 ACGIH TWA (SKIN) 
3 HG/M3 ACGIH STEL (NOTICE OF INTENDED CHANGES 1988-89) 
CERCLA HAZARD RATINGS - TOXICITY 3 - IGNITABILITY 0 - REACTIVITY 3 - 
PERSISTENCE 0 
TOXICOLOGY: TRINITROTRIAZINE IS TOXIC TO THE NERUOIJS SYSTEMI LIVER ANII 
KIDNEYS. POISONING WILL RESULT IN NAUSEAI UOMITINGr CONUULSIONSt [JNCON- 
SCIOUSNESSl ANEMIAv L.IUER AND KIDNEY DAMAGE, 
THE THRESHOLII LIMIT VALUE WAS SET BY ANALOGY WITH TRINITROTO’LUENE TO 
PREVENT SYSTEMIC INJURY. 
ORL-RAT LD5O:lOO MG/KG 
ORL-MUS LDSO: 59 MG/KG 
ORL-C-AT LDLO:lOO HO/KG 
ORL-RET LDLO:SOO flG/KG 

29CFR1910~1200 OSHA HAZARD COtQlUNICATION STANDARD RERIJIRES CHEHICAL 
MANUFACTURERS AND IMPORTERS TO ASSESS THE HAZARDS OF CHEMICALS WHICH THEY 
PRODUCE OR IMPORTI AND ALL EHPLOYERS TO PROVIDE INFORMATION TO THEIR 
EMPLOYEES CONCERNING HAZARDOUS CHEMICALS BY MEA’NS OF A HAZARD 
CDMHUNICATION PROGRAMI LA3ELS ANU’OTHER FORMS OF'WARNINGp MATERIAL SAFETY 
DATA SHEETSI AND INFORMATION AND TRAINING. RERIJIRES DISTRIBUTORS TO 
TRANSMIT REQUIREO INFORMATION TO EHPLOYEES. 

DANGEROUS EXPOSURE: 
NONE SPECIFIEIl 

~-.---.. . -..e 
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INCQMPATIEILITIES: 
EXPL.OSI’JE HAZARD AT HIGH TEMPERATURES. SHOCK NAY DETONATE OR EXFLQDE, 
THERMAL DECOMPOSITION PRODUCTS ARE HAZARDOUS AND/OR TOXIC, REDUCING 
AGENTS e ALUMINUM POWDER. CYANIDES. ESTERS. FHQSFHOROUS. 
THIOCYANATES, KETONES. CAUSTICS. AMMONIA. AMINES, 

CL ., 
CLOTHING: 

NO NIOSH/OSHA DATA; RECOMMEND 
PREVENT ANY FOSSIEILITY OF SKIN CONTACT 
WEAR IMPERVIOUS CLOTHING 
WEAR GLOVES 
WEAR FACESHIELD (8 INCH MINIMUM) 
PLACE CONTAHINATED CLOTHING IN CLOSED CONTAINERS FOR STORAGE UNTIL 
LAUNDERED OR DISCARDED 
IF CLOTHING IS TO DE LAUNDEREDv INFORM PERSON FERFORHING OPERATION OF 
CONTAMINANT’S HAZARDOUS PROPERTIES. 

WEAR EYE PROTECTION TO PREVENT: 
NO STANDARD REQUIREHENT I EUT ADVISE-EYE FROTECTION TO 
FREVENT,ANY POSSIBILITY OF EYE CONTACT 
WEAR FACE SHIELD OR VENTED GOGGLES. 

ENFLQYEE SHOULD WASH: 
NO STANDARD REQUIREHENTI BUT ADVISE WASHING 
1MHEDIATEL.Y WHEN SKIN BECOMES CQNTAMINATED. 

WORK CLOTHING SHOULD DE CHANGED DAILY: 
NO STANDARD REQUIREHENTp ElJT ADVISE CHANGING 
IF THERE IS ANY POSSIBILITY THAT CLOTHING HAY DE CONTAMINATED 
LEAVE CLOTHING 8 EQUIPMENT FOR DECONTAMINATION & DISPOSAL. 

REMOVE CLOTHING: 
NO STANDARD REQUIREHENTp BUT ADVISE REHOVING 
EMPLOYERS SHALL ENSURE THAT CLOTHING WHICH BECQHES CONTAMINATED WITH THIS 
SUBSTANCE BE REHOVED IMMEDIATELY AND NOT REWGRN UNTIL THE SURSTANCE IS 
REMOVED FROM THE CLOTHING. 

THE FOLLOWING EQUIPMENT SHOULD BE AVAILABLE: 
NO NIOSH/OSHA DATAl ADVISE: 
EYE-WASH FOUNTAIN WITHIN IHflEDTATE WORK AREA WHERE EHFLOYEES' EYES HAY DE 
EXPOSED TO SUBSTANCE QUICK DRENCHING FACILITIES WITHIN XHHEDIATE WORK 
AREA WHERE EHFLOYEES MAY DE EXFOSED TO SUESTANCE, 

RF 
RESPIRATOR SELECTION (UPPER LIMIT DEVICES FERHIlTTED): 
HIGH LEVELS 

- SELF-CONTAINED BREATHING APPARATUS 
WITH A FULL FACE-PIECE, HELHENTI OR HOOD 

FIREFIGHTING 
- SELF-CONTAINED BREATHING APPARATUS 
WITH A FULL FACE-FIECE 
OPERATED IN PRESSURE-DEHAND OR POSITIVE-PRESSURE HODE. 

MS 
MEDICAL SURVEILLANCE: 
NO INFORMATION AVAILABLE FROH NIOSH/OSHA ‘OCCUPATIONAL HEALTH GUIDELINES 
FOR CHEHICAL HAZARDS’; ADVISE: EKG RECOMMENDED IF EHFLOYEE TO WEAR 
FULL-FACE RESFIRATOR, 
GENERAL MEDICAL HISTORY, 
4tjCFR717,RECORDS AND REPORTS OF ALLEGATIONS THAT CHEFlICAL SUBSTANCES 
CAUSE SIGNIFICANT ADVERSE REACTIONS TO HEALTH CIR THE ENVIRONMENT TOXIC 
SUBSTANCES CONTROL ACT (TSCA) SECTION 8(C) RUL.E REQUIRES MANUFACTURERS 
AND CERTAIN PROCESSORS OF CHEMICAL SUHSTANCES AND MIXTURES TO KEEF 
RECORDS OF SIGNIFICANT ADVERSE REACTIONS TO EMPLOYEE HEALTH FOR 30 
YEARS. 
PUYCTPTAN PPC-PI ArCMFNT ANT-1 ANNIIAI CYAMC. 
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C!$TRAL NERVOUS SYSTEM EXAMINATION* 
^ .  .  .  .  .  .  -  .  .  .  .  .  - - . . .  

CONVULSIVE DISORDER. 
GASTROINTESTINAL. 
29CFR15'10.20 OSHA STANDARD SUBPART C - GENERAL SAFETY AE 
PROVISIONS PROVIDES FOR EMPLOYEE9 DESIGNATED REPRESENTAT 
ACCESS TO EMPLOYER-MAINTAINED EXPOSURE AND HEDICAL RECOF 
EMPLOYEES EXPOSED TO TOXIC SUBSTANCES AND HARMFUL PHYSIC 
53FR38140 9/29/88 (AMENDED). 

RE 
ROUTE OF ENTRY: 
INGESTION. SKIN ABSORPTION, SKIN OR EYE CONTACT, INHA 

TO 
TARGET ORGANS: 
EYES. RESPIRATORY SYSTEH, SKIN, MUCOUS MEMBRANES. CE 
SYSTEM, KIDNEYS, LIVER. 

SP 
SYHPTOHS: 
EYE7 ORGAN OF SIGHT (SCOI7O)i 
IRRITATIONS EXTREME REACTION To A CONDITION (~~00901. 
RESFIRATORYv PERTAINING TO THE: LUNGS (SCO142); 
IRRITATIONr EXTREME REACTION TO A CONDITION (SCOO90). 
MUCOUS MEMERANE? HEMDRANE LINING PASSAGES/CAVITIES (SCOlc 
ULCERATION! LESION OF TISSUE (‘SCO313), DERMATITIS9 INFL, 
(SC00441 * 
CENTRAL NERVOUS SYSTEMv PERTAINING TO NEURAL BODY SYSTEM 
DEPRESSIONI DECREASE IN ACTIVITY/FUNCTION (SCOO43). NAUI 
THE STOMACH (SCOllS), INSOMNIAI INABILITY TO OBTAIN NOR) 
(SCOO88). UOHITING~ FERTAINING TO NAUSEA (SCOl66). HEAI 
HEAD OR CRANIUM AREA (SCOO75). SALIVATIONv EXCESS DISCHC 
(SCO146)* IRRITABILITY, QUICK EXCITAEILITY TO ANNOYANCE 
UNCONSCIOUSNESS, NOT AWAKE; INSENSIBLE (SCO198). CONUULS 
MUSCLE CONTRACTIONS (SCOO34). ANOREXIA, DXHINISHED AFFET 
ASTHENIA, LOSS OF STRENGTH (SCO4301, ANEMIA9 RED BLOOD C 
NORMAL (SCOOO4). KIDNEY DAMAGEv INJURY TO THE KIDNEY (SC 
DAtlAGEf INJURY TO THE LIVER (SCO221). 
REPRODUCTIVE EFFECTS9 EIRTH DEFECTS (SCO281)i 
IN EXPERIMENTAL ANIHALSv (SCO212), 

FA 
FIRST AID, 

(1 OF 4) 
IF THIS CHEMICAL GETS INTO THE EYES? WASH THE EYES IHHEDI 
AMOUNTS OF WATER OR NORMAL SALINE? OCCASIONALLY LIFTING U 
LIDSI UNTIL NO EVIDENCE OF CHEMICAL REMAINS (APFROXIHATEL’ 
MINUTES). GET HEDICAL ATTENTIQN IHHEDIATELY. 

(2 OF 4) 
IF THIS CHEMICAL GETS ON THE SKINv REMOVE CONTAMINATED C1.t 
IMMEDIATELY. WASH AFFECTED AREA WITH SOAP OR MILD DETERGE 
AMOUNTS OF WATER UNTIL NO EVIDENCE OF CHEMICAL REMAINS (A[ 
15-20 MINUTES). GET HEDICAL ATTENTION IMMEDIATELY, 

(3 OF 4) 
IF THIS CHEMICAL HAS BEEN INHALEDp REMOVE FROM EXPOSURE AF 
IMMEDIATELY, IF BREATHING HAS STOPPED, PERFORM ARTIFICIAL 
KEEP PERSON WARM AND AT REST. TREAT SYMFTOHATICALLY AND S 
GET MEDICAL ATTENTION IMMEDIATELY. 

(4 OF 4) 
IF THIS SUESTANCE IS INGESTED AND EXTENSIVE VOMITING HAS N 
THIS SUHSTANCE SHOULD DE REMOVED BY EHESIS OR GASTRIC LAVA 
THAT THE PATIENT IS CONSCIOOS AND CONWJLSIONS ARE NOT FRES 
ATTEMF’T TO MAtiE AN UNCONSCIOUS PERSON VOMIT, TREAT SYHPTO 
SUPPORTIVELY. GET MEDICAL ATTENTION IHHEDIATELY (DREISBAC 
POISONING 12TH ED.), TREATMENT SHOULD kF PFRFMmMFn P” fi”* 
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BULLETIN: 

EPA ANNOUNCED IN THE MAY 13 /FEDERAL REGISTER/ IN AN ADVANCE NOTICE OF 
PROPOSED RULEXAKING TO PHASE OUT OR BAN SOME LEAD USES. (56FR22096). 

OC FIELD 
RN (1) 

END OF REQUEST 

END OF DOCUMENTS IN LIST-: ..p 6 all/doc=l 

1 
AN ACCESSION NUMBER: 3132. 9112. 
CN CHEMICAL NAME: SHLOROETHYLENE. 
SY SYNONYMS: TRICHLOROETHENE. DOW-TRI. NCI-C04546. CHLORYLEN. 

CECOLENE. TRILENE. TCE. UN 1710. ETHYLENE, TRICHLORO-. 
l-CHLORO-2,2-DICHLOROETHYLENE. l,l-DICHLORO-2-CHLOROETHYLENE. 
1,1,2-TRICHLOROETHYLENE. 1,2,2-TRICHLOROETHYLENE. ETHYLENE TRICHLORIDE. 
ETHINYL TRICHLORIDE. TRICHLORETHYLENE. TRIAD. THRETHYLENE. 
TRETHYLENE, RCRA U228. 

RN CAS NUMBER: 79-01-6. 

REG. TOXIC NUMBER: KX4550000. 

CHEMICAL FORMULA: C2HCL3. 
PD 

PHYSICAL DESCRIPTION: 
COLORLESS MOBILE LIQUID; CHLOROFORM-LIKE ODOR; PHOTOREACTIVE. 

MOL WT: 131 
BOILING PT: 189 F 
SOLUBILITY: 0.1% 
FLASH PT: 90 F * 
VAPOR PRES: 58 MM 
MELT PT: -99 F 
UEL IN AIR: 90% 
LEL IN AIR: 12.5% 
MEC IN AIR: 788 F 
SPEC GRAVITY: 1.4642 
VAPOR DENSITY: 4.5 
ODOR THRESHOLD: 20 PPM 
OCTANOL/WATER CO-EFFICIENT:. 

EL 
PERMISSABLE EXPOSURE: 
50 PPM OSHA TWA; 200 PPM OSHA STEL 
50 PPM ACGIH TWA; 200 PPM ACGIH STEL 
25 PPM NIOSH RECOMMENDED 10 HE TWA 
HUMAN INADEQUATE EVIDENCE FOR CARCINOGENICITY (IARC GROUP-3) 
ANIMAL LIMITED EVIDENCE FOR CARCINOGENICITY (IARC GROUP-3) 
PROBABLE HUMAN CARCINOGEN (EPA - CATEGORY B) 
POSITIVE CARCINOGEN IN MICE; NEGATIVE CARCINOGEN IN RATS (NCI, 1976) 
POSITIVE CARCINOGEN IN MICE; INADEQUATE STUDY IN RATS (NCI, 1984) 
TERATOGENIC DATA (RTEC); MUTAGENIC DATA (RTEC) 
AQUATIC TOXICITY RATING l/Z (TLM96 100 - 1000 PPM) 

,,,,,,,LC RANGE, 96H (IN SEA WATER) - PLAICE 15 PPM 
CERCLA HAZARD RATINGS - TOXICITY 1 - IGNITABILITY 3. - REACTIVITY 0 - 
PERSISTENCE 2 

. TOXfCOLOGY: TRICHLOROETHYLENE IS AN EYE, MUCOUS MEMBRANE, AND PRIMARY 
SKIN IRRITANT AND CENTRAL NERVOUS SYSTEM DEPRESSANT. 



c:\PcPLus\97300 01/22/92 18 

IC 

CL 

. 

ACUTE EXPOSURE DEPRESSES THE NERVOUS SYSTEM, AND MAY DAMAGE THE GASTRO- 
INTESTINAL TRACT, LIVER AND KIDNEYS. THE PRESENCE OF T~~RACHLOROETHANE 
INCREASES IN COMMERCIAL GRADES INCREASES THE CELLUIAR TOXICITY. ,,,, 

CHRONIC INHALATION OR ABSORPTION CAUSES CENTRAL NERVOUS SYSTEM 
EFFECTS, JOINT PAIN, DERMATITIS, AND POSSIBLY JAUNDICE. INGESTION OF 
ALCOHOL MAY INCREASE THE TOXICITY OF TRICHLOROETHYLENE. 
TRICHLOROETHYLENE IS A MILD RESPIRATORY IRRITANT. 
THE THRESHOLD LIMIT VALUE WAS ESTABLISHED TO PREVENT TOXIC EFFECTS. 
IHL-HMN TCLO: 6900 MG/M3/10 MIN 
IHL-HMN TCLC: 160 PPM/83 MIN 
IHL-HMN TDLO: 812 MG/KG 
IHL-MAN TCLO: 110 PPM/8 HR 
IHL-MAN LCLO: 2900 PPM 
DRL-HNN LDLO: 7 GM/KG 
ORL-RAT LD50: 4920 MG/KG 
ORL-MUS LD50: 2402 MG/KG ._ 
IHL-RAT LCLO: 8000 PPM/4 HR 
IHL-CAT LCLO:32500 MG/M3/2 HR 

OSHA STANDARD 1910.1200 HAZARD COMMUNICATION REQUIRES CHEMICAL 
MANUFACTURERS AND IMPORTERS TO ASSESS THE HAZARDS OF CHEMICALS WHICH THEY 
PRODUCE OR IMPORT, AND ALL EMPLOYERS TO PROVIDE INFORMATION TO THEIR 
EMPLOYEES CONCERNING HAZARDOUS CHEMICALS BY MEANS OF A HAZARD 
COMMUNICATION PROGRAM, LABELS AND OTHER FORMS OF WARNING, MATERIAL SAFETY 
DATA SHEETS, AND INFORMATION AND TRAINING. REQUIRES DISTRIBUTORS TO 
TRANSMIT REQUIRED INFORMATION TO EMPLOYEES. 

DANGEROUS EXPOSURE: 
1000 PPM POTENTIAL 

CARCINOGENNIOSH 
COLORLESS MOBILE LIQUID; CHLOR. 

INCOMPATIBILITIES: 
ACTIVE METALS. BARIUM. LITHIUM. SODIUM. MAGNESIUM. TITANIUM. 

CLOTHING: 
EMPLOYERS SHALL PROVIDE AND ENSURE THAT EMPLOYEES USE APPROPRIATE 
PROTECTIVE CLOTHING AND EQUIPMENT NECESSARY TO' PREVENT REPEATED OR 
PROLONGED SKIN CONTACT WITH THIS SUBSTANCE. FACE SHIELDS SHALL COMPLY 
WITH 29CFR1910.133(A)(2), (A)(4), (A)(5), AND (A)(6). 
-ACGIH 'GUIDELINES FOR THE SELECTION OF CHEMICAL PROTECTIVE CLOTHING' 
INDICATED THE FOLLOWING PROTECTIVE RATINGS FOR MATERIALS COMMONLY USED 
FOR PROTECTIVE CLOTHING. THESE RATINGS ARE BASED PRIMARILY ON 
QUANTITATIVE TEST RESULTS AND QUALITATIVE RESISTANCE INFORMATION. (THE 
RECOMMENDATIONS APPLY TO THE PURE SUBSTANCE ONLY; BREAKTHROUCH-TIME MAY 
VARY FOR MIXTURES.) (A + " " DESIGNATES A BLEND OF MATERIALS, WHILE A "/" .. 
DESIGNATES A COATED OR LAMINATED MATERIAL.) - 
TRICHLOROETHYLENE: EXCELLENT/GOOD: TEFLON GOOD/FAIR: CHLOROBUTYL 
SILVERSHIELD POOR/FAIR: CHLORINATED POLYETHYLENE 'VITON 
NEOPRENE+STYRENE-BUTADIENE RUBBER POLY URETHANE STYRENE-BUTADIENE 
RUBBER/NEOPRENE POOR: BUTYL RUBBER NATURAL RUBBER NEOPRENE NITRILE + 
POLYVINYL CHLORIDE NITRILE POLYETHYLENE POLYVINYL ALCOHOL POLYVINYL 
CHLORIDE NEOPRENE+NATURAL RUBBER SARANEX STYRENE-BUTADIENE RUBBER 
NEOPRENE/NATURAL RUBBER. 

W.w EYE PROTECTION TO PREVENT: 
EMPLOYERS SHALL PROVIDE AND ENSURE THAT EMPLOYEES USE SPLASH-PROOF SAFETY 
GOGGLES WHICH COMPLY WITH 29CFR1910.133(A) (2)-(A)(6) WHERE THIS LIQUID 
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MAY CONTACT THE EYES. 

EMPLOYEE SHOULD WASH: 
-. 

EMPLOYERS SHALL ENSURE THAT EMPLOYEES WHOSE SKIN BECOMES WET WITH THIS 
SUBSTANCE PROMPTLY WASH OR SHOWER WITH SOAP OR MILD DETERGENT AND WATER 
TO REMOVE ANY CONTAMINANT FROM THE SKIN. 

WORK CLOTHING SHOULD BE CHANGED DAILY: 
NOT REQUIRED. 

REMOVE CLOTHING: 
EMPLOYERS SHALL ENSURE THAT NON-IMPERVIOUS CLOTHING WHICH BECOMES WET 
WITH THIS SUBSTANCE BE REMOVED PROMPTLY AND NOT REWORN UNTIL THE 
SUBSTANCE IS REMOVED FROM THE CLOTHING. 

THE FOLLOWING EQUIPMENT SHOULD BE AVAILABLE: 
NONE REQUIRED. 

RP 
RESPIRATOR SELECTION (UPPER LIMIT DEVICES PERMITTED): 
ANY DETECTABLE CONC 

- SELF-CONTAINED BREATHING APPARATUS WITH A FULL FACE-PIECE 
OPERATED IN PRESSURE-DEMAND OR POSITIVE-PRESSURE MODE 

- SUPPLIED-AIR RESPIRATOR WITH A FULL FACEPIECE OPERATED IN 
PRESSURE-DEMAND OR OTHER POSITIVE PRESSURE MODE WITH AUXILIARY 
SELF-CONTAINED BREATHING APPARATUS OPERATED IN ,POSITIVE PRESSURE MODE 

ESCAPE 
,_. ,.,, - GAS MASK WITH AN ORGANIC VAPOR CANISTER (CHIN-STYLE OR FRONTOR 

BACK-MOUNTED CANISTER) 
- APPROPRIATE ESCAPE-TYPE SELF-CONTAINED BREATHING APPARATUS 

FIREFIGHTING 
- SELF-CONTAINED BREATHING APPARATUS WITH A FULL FACE-PIECE 

OPERATED IN PRESSURE-DEMAND OR POSITIVE-PRESSURE MODE. 
MS 

MEDICAL SURVEILLANCE: 
CENERAL MEDICAL HISTORY. 
40CFR717 RECORDS AND REPORTS OF ALLEGATIONS THAT CHEMICAL SUBSTANCES 
CAUSE SIGNIFICANT ADVERSE REACTIONS TO HEALTH OR THE ENVIRONMENT TOXIC 
SUBSTANCES CONTROL ACT (TSCA) SECTION 8(C) RULE REQUIRES MANUFACTURERS 
AND CERTAIN PROCESSORS OF CHEMICAL SUBSTANCES AND MIXTURES TO KEEP 
RECORDS OF SIGNIFICANT ADVERSE REACTIONS TO EMPLOYEE HEALTH FOR 30 
YEARS. 
RESPIRATORY HISTORY. 
WITH EMPHASIS ON: RENAL AND LIVER FUNCTIONS. 
BLOOD CHEMISTRY. 
COMPLETE BLOOD COUNT. 
WITH EMPHASIS ON: PULMONARY FUNCTIONS. 
WITH EMPHASIS ON: CENTRAL NERVOUS SYSTEM TESTS, PERIPHERAL NEUROPATHY. 
WITH EMPHASIS ON: ELECTROCARDIOGRAM. 
WITH EMPHASIS ON: SKIN EXAM. 
VISION TEST. 
URINALYSIS. 

w ATTENTION TO SMOKING, ALCOHOL, MEDICATION, AND EXE'OSURE TO CARCINOGENS. 
WITH EMPHASIS ON: 14 BY 17 CHEST P-A. X-RAY. 
ACGIH BIOLOGICAL EXPOSURE INDICES FOR TRICHLOROETHYLENE: 100 MG/L 
TRICHLOROACETIC ACID IN URINE / TIMING -END OF WORKWEEK 300 MG/L 
TRICHLOROACETIC ACID AND TRICHLOROETHANOL IN URINE / TIMING -END OF 

19 
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TRICHLORQACETiC ACID AND 
20 

WORKWEEK AND END OF SHIFT 320 MG/G CREAT. 
TRICHLOROETHANOL IN URINE/ TIMING -END OF WORKWEEK AND END OF SHIFT 4 
MG/L FREE TRICHLCROETHANOL IN BLOOD / TIMING -END OF SHIFT AND END OF 
WORKWEEK 0.5 PPM TRICHLQROETHYLENE IN END-EXHALED AIR / TIMING -PRIOR TO 
SHIFT AND END OF WORKWEEK. '. 
29CFR1910.20 OSHA STANDARD SUBPART C - GENERAL SAFETY AND HEALTH 
PROVISIONS PROVIDES FOR EMPLOYEE, DESIGNATED REPRESENTATIVE, AND OSHA 
ACCESS TO EMPLOYER-MAINTAINED EXPOSURE AND MEDICAL RECORDS RELEVANT TO 
EMPLOYEES EXPOSED TO TOXIC SUBSTANCES AND HARMFUL PHYSICAL AGENTS. 
53FR38140 g/29/88 (AMENDED). 

RE 

TO 

SP 

FA 

ROUTE OF ENTRY: 
INHALATION. INGESTION. SKIN OR EYE CONTACT. - 

TARGET ORGANS: 
RESPIRATORY SYSTEM. SKIN. HEART. LfVER. KIDNEYS. CENTRAL NERVOUS 
SYSTEM. 

SYMPTOMS: 
HEADACHE, PAIN IN HEAD OR CRANIUM AREA (SCO075). VERTIGO, FEELING OF 
WHIRLING MOTION (SC0163). VISUAL DISTURBANCE, UPSET IN SIGHT (SCO165). 
TREMORS, TREMBLING, SHAKING (SC0197). SOMNOLENCE, PROLONGED SLEEPINESS 
(SC0152). DERMATITIS, INFLAMMATION OF SKIN (SCO044). NAUSEA, SICKNESS 

AT THE STOMACH (SCO115). VOMITING, PERTAINING TO NAUSEA (SC0166). 
CARDIAC, PERTAINING TO HEART (SCO023); 
ARRHYTHMIA, ABSENCE OF RHYTHM; IRREGULARITY (SCOOlO). PARESTHESIA, 
ABNORMAL SENSATION WITHOUT CAUSE (SC0125). NARCOSIS, STUPOR OR SLEEP DUE 
TO NARCOTIC (SC0113). ANESTHESIA, LOSS OF SENSATION (SCOOOS), LIVER 
DAMAGE, INJURY TO THE LIVER (SC0221). IRRITABILITY, QUICK EXCITABILITY 
TO ANNOYANCE (SCOOSl). 
CENTRAL NERVOUS SYSTEM, PERTAINING TO NEURAL BODY SYSTEM (SCOOZS); 
DEPRESSION, DECREASE IN ACTIVITY/FUNCTION (SCO043). VENTRICULAR 
FIBRILLATION, RAPID CONTRACTIONS OF VENTRICLES (SC0162). 
CARDIAC, PERTAINING TO HEART (SCO023); 
DEGENERATION, DETERIORATION, A WORSENING (SCOO40). 
CENTRAL NERVOUS SYSTEM, PERTAINING TO NEURAL BODY SYSTEM (SCO.028); 
DEGENERATION, DETERIORATION, A WORSENING (SCOO40). KIDNEY DAMAGE, INJURY 
TO THE KIDNEY (SCO220). UNCONSCIOUSNESS, NOT AWAKE; INSENSIBLE (SC0198). 
JAUNDICE, YELLOWING OF SKIN, EYES (SCOOSZ). WHEEZIING, NOISY BREATHING 
WITH DIFFICULTY (SC0168). UNCONSCIOUSNESS, NOT AWAKE; INSENSIBLE 
(SC0198). DIZZINESS, FEELING FAINT, LIGHT-HEADED, UNSTEADY(SC0048). 
EXCITATION, CENTRAL NERVOUS SYSTEM STIMULATION (SCO289). IRREGULAR PULSE 
ALTERNATING WEAK AND STRONG PULSE (SC0143). ARTHRALGIA, JOINT PAIN 
(SCO417). 
RESPIRATORY, PERTAINING TO THE LUNGS (SC0142); 
EDEMA, FLUID RETENTION WITH SWELLING (SCO181). WHEEZING, NOISY BREATHING 
WITH DIFFICULTY (SC0168). WEIGHT LOSS, DROP IN BODY WEIGHT (SCO104). 
ANOREXIA, DIMINISHED APPETITE (SCOOOS). FATIGUE, TIREDNESS, SLUGGISH 
(SCOO66). 
REPRODUCTIVE EFFECTS, BIRTH DEFECTS (SC0281); 
IN EXPERIMENTAL ANIMALS, (SC0212). 

FIRST AID. 

(1 OF 8) 
IF THIS CHEMICAL GETS INTO THE EYES, WASH THE EYES IMMEDIATELY WITH LARGt 
AMOUNTS OF WATER OR NORMAL SALINE, OCCASIONALLY LIFTING UPPER AND LOWER 
LIDS, UNTIL NO EVIDENCE OF CHEMICAL REMAINS (APPROXIMATELY 15-20 
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MINUTES). GET MEDICAL ATTENTION IMMEDIATELY. 

,., _ 
(2 OF 8) 
IF THIS CHEMICAL GETS ON THE SKIN, REMOVE CONTAMINATED CLCTHING AND SHOES 
IMMEDIATELY. WASH AFFECTED AREA WITH SOAP OR MILD DETERGENT AND LARGE 
AMOUNTS OF WATER UNTIL NO EVIDENCE OF CHEMICAL REMAINS (APPROXIMATELY 
15-20 MINUTES). GET MEDICAL ATTENTION IMMEDIATELY. 

21 

(3 OF 8) 
IF THIS CHEMICAL HAS BEEN INHALED, REMOVE FROM EXPOSURE AREA TO FRESH AIR 
IMMEDIATELY. IF BREATHING HAS STOPPED, PERFORM ARTIFICIAL RESPIRATION. 
KEEP PERSON WARM AND AT REST. TREAT SYMPTOMATICALLY AND SUPPORTIVELY. 
GET MEDICAL ATTENTION IMMEDIATELY. 

(4 OF 8) 
WHEN THIS CHEMICAL HAS BEEN SWALLOWED;AND PERSON TS CONSCIOUS, 
IMMEDIATELY GIVE PERSON LARGE QUANTITIES OF WATER. AFTER WATER HAS BEEN 
SWALLOWED, TRY TO GET THE PERSON TO VOMIT BY HAVING HIM TOUCH THE BACK OF 
HIS THROAT WITH HIS FINGER. DO NOT MAKE AN UNCONSCIOUS PERSON VOMIT. 
GET MEDICAL ATTENTION IMMEDIATELY. 

(5 OF 8) 
VOLATILE AND GASEOUS ANESTHETICS: EMERGENCY TREATMENT - ESTABLISH AIRWAY 
AND MAINTAIN RESPIRATION. REMOVE ANESTHETIC BY FORCED VENTILATION. 
FURTHER TREATMENT - MAINTAIN BLOOD PRESSURE BY INTRAVENOUS SALINE OR 
BLOOD TRANSFUSION. MAINTAIN BODY WARMTH. MAINTAIN ADEQUATE AIRWAY BY 
REMOVING SECRETIONS FROM TRACHEA BY CATHETER SUCTION. PREVENT HYPOXIA. 

+*v*, IF HYPERTHERMIA OCCURS, LOWER BODY TEMPERATURE BY APPLICATION OF WET 
TOWELS. FOR MALIGNANT HYPERTHERMIA, GIVE DANTROLENE SODIUM, 1 MG/KG, 
EVERY FIFTEEN MINUTES, INTRAVENOUSLY TO A TOTAL OF 10 MG/KG, AND 
PROCAINAMIDE, 15 MG/KG, INTRAVENOUSLY, OVER TEN MINUTES. GIVE ICED 
NORMAL SALINE INTRAVENOUSLY AT A RATE OF 1 LITER EVERY TEN MINUTES FOR 
THIRTY MINUTES. LAVAGE STOMACH, URINARY BLADDER, RECTUM, AND PERITONEUM 
WITH ICED SALINE. TREAT ACIDOSIS WITH INTRAVENOUS; SODIUM BICARBONATE. 
MONITOR SERUM TOTAL BASE, SERUM POTASSIUM, AND ARTERIAL PH AND TREAT 
APPROPIATELY. MAINTAIN URINE OUTPUT AT l-2 LITERS DAILY WITH FUROSEXIDE 
AND KANNITOL. AFTER FIRST DAY, GIVE DANTROLENE, 1 MG/KG ORALY DAILY, FOR 
THREE DAYS. (MEDICATION MUST BE ADMINISTERED BY QUALIFIED MEDICAL 
PERSONNEL) SPECIAL TREATMENT - TREAT LIVER DAMAGE. (DREISBACH, HANDBOOK 
OF POISONING, 1lTH ED.). 

(6 OF 8) 
GASTRIC LAVAGE - GIVE PATIENT GLASS OF WATER PRIOR TO PASSING OF STOMACH 
TUBE. LAY PATIENT ON ONE SIDE, WITH HEAD LOWER THAN WAIST. IMMOBILIZE 
A STRUGGLING PATIENT WITH A SHEET OR BLANKET. MEASURE DISTANCE ON TUBE 
FROM MOUTH TO EPIGASTRIUM, MARK TUBE WITH INDELIBLE MARKING OR TAPE. 
REMOVE DENTURES AND OTHER FOREIGN OBJECTS FROM THE MOUTH. OPEN MOUTH, 
USE GAG IF NECESSARY. EXTEND HEAD BY LIFTING CHIN. PASS TUBE OVER 
TONGUE AND TOWARD BACK OF THROAT WITHOUT EXTENDING HEAD OR NECK. IF 
OBSTRUCTION IS MET BEFORE THE MARK ON TUBE REACHES LEVELS OF THE TEETH, 
DO NOT FORCE, BUT REMOVE TUBE AND REPEAT PROCEDURE UNTLL TUBE PASSES TO 
MARK. PLACE END OF TUBE IN GLASS OF WATER. IF TUBE IS OBSTRUCTED WHEN 
INTRODUCED ABOUT HALFWAY TO THE MARK, IT MAY HAVE ENTERED TRACHEA. AFTER 

"~. TUBE IS PLACED IN STOMACH, ASPIRATE FIRST TO REMOVE STOMACH CONTENTS BY 
IRRIGATION SYRINGE. SAVE STOMACH CONTENTS FOR EXAMINATION, AND REPEAT 
INTRODUCTION AND WITHDRAWL OF 100-300 ML WARM WATER UNTIL AT LEAST 3 
LITERS OF CLEAR RETURN ARE OBTAINED. USE ACTIVATED CHARCOAL AT BEGINNING 
OF LAVAGE TO AID IN POISON INACTIVATION. LEAVE 50 GRAMS OF CHARCOAL 
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SUSPENDED IN WATER IN THE STOMACH. IF INTRODUCTION AND REMOVAL OF LAVAG,rb 

92 

FLUID BY GRAVITY REQUIRES MORE THAN FIVE MINUTES, ASSIST WITH ASEPTO 
SYRINGE. PREVENT ASPIRATION WITH CUFFED ENDOTRACHEAL TUBE. AVOID GIVINti 
LARGE QUANTITIES OF WATER. IF PATIENT COMATOSE, INTUBATE TRACHEA WITH 
CUFFED ENDOTRACHEAL TUBE. SUCCINYLCHLORINE MAY BE ADMINISTERED BY 
QUALIFIED MEDICAL PERSONNEL TO EASE INSERTION OF TRACHEAL CATHETER PRIOR 
TO PASSAGE OF STOMACH TUBE. PROCEDURE MUST BE PERFORMED BY QUALIFIED 
MEDICAL PERSONNEL. (DREISBACH, HANDBOOK OF POISONING, 12TH ED.). 

(7 OF 8) 
PULMONARY EDEMA - RELIEVE ANXIETY. GIVE MORPHINE SULFATE, 10 MG, TO 
DECREASE RATE OF RAPID, INEFFICIENT RESPIRATION. GIVE 40% OXYGEN BY FACE 
MASK. USE INTERMITTENT POSITIVE-PRESSURE OXYGEN RESUSCITATOR FOR SHORT 
PERIODS. GIVE AMINOPHYLLINE, 0.5 G,.-INTRAVENOUSLY, TO RELIEVE ASSOCIATED 
BRONCHIAL CONSTRICTION. TREAT EDEMA CAUSED BY MORPHINE OR MORPHINE 
ANALOGS BY GIVING NALOXONE AND OXYGEN. GENERAL MEASURES - DIURESIS WITH 
ETHACRYNIC ACID (EDECRIN), 25 MG ORALLY OR INTRAVENOUSLY, OR FLUROSEMIDE, 
20-80 MG ORALLY OR INTRAVENOUSLY, IS HELPFUL BECAUSE IT REDUCES FLUID 
VOLUME. DO NOT INJECT AT A RATE FASTER THAN 10 MG/MIN. GIVE 
CORTICOSTEROID ANTI-INFLAMMATORY AGENT IN MAXIMUM DOSES. IF PULMONARY 
EDEMA IS THE RESULT OF HEART FAILURE, DIGITALIZE THE PATIENT. PROCEDURE 
MUST BE PERFORMED BY QUALIFIED MEDICAL PERSONNEL. 
OF POISONING, 12TH ED.). 

(DREISBACH, HANDBOOK 

(8 OF 8) 
LIVER DAMAGE - DISCONTINUE ALL DRUGS AND CHEMICALS. MAINTAIN COMPLETE 
BED REST. AVOID ANESTHESIA OR SURGICAL PROCEDURES. AVOID DEHYDRATION OF-' 
OVERHYDRATION. IF VOMITING IS SEVERE AND ORAL FLUIDS ARE NOT RETAINED, 
REPLACE VOMITUS WITH AN EQUAL QUANTITY OF 5-10% DEXTROSE IN 0.3-0.5 N 
SALINE. 
DEPENDING 

ADMINISTER MAINTENANCE FLUIDS AND ELECTROLYTES AS NECESSARY, 
ON RENAL FUNCTION. RESUME ORAL FEEDINGS AS SOON AS THE PATIENT 

CAN TOLERATE THEM. CONTROL THE AMOUNT OF PROTEIN IN THE DIET IN ORDER TO 
CORRECT THE SERUM PROTErtN LEVEL. 
DAILY. 

GIVE VITAMIN K, PHYTONADIONE, 2.5 MG 
IF ANEMIA IS SEVERE, CONSIDER A BLOOD TRANSFUSION. PROCEDURE 

MUST BE PERFORMED BY QUALIFIED MEDICAL PERSONNEL. 
OF POISONING, 12TH ED.). 

(DREISBACH, HANDBOOK 

DT 
SPECIAL DIAGNOSTIC TESTS AND INDEXES OF EXPOSURE: 
URINE TRICHLOROETHYLENE METABOLITES >20 MG/DAY. 

Rs 
REGULATORY STATUS. 

(1 OF 65) 
OSHA STANDARD 1910.1200 HAZARD COMMUNICATION REQUIRES CHEMICAL 
MANUFACTURERS AND IMPORTERS TO ASSESS THE HAZARDS OF CHEMICALS WHICH THEY 
PRODUCE OR IMPORT, AND ALL EMPLOYERS TO PROVIDE X:NFORMATION TO THEIR 
EMPLOYEES CONCERNING HAZARDOUS CHEMICALS BY MEANS OF A HAZARD 
COMMUNICATION PROGRAM, LABELS AND OTHER FORMS OF WARNING, MATERIAL SAFETY 
DATA SHEETS, AND INFORMATION AND TRAINING. REQUIRES DISTRIBUTORS TO 
TRANSMIT REQUIRED INFORMATION TO EMPLOYEES. 

(2 OF 65) 
OSHA STANDARD 29CFR1910.1000 AIR CONTAMINANTS TABLE Z-2. 

(3 OF 65) 
OSHA STANDARD 29CFR1910.94 VENTILATION OSHA STANDARD 29CFR1910.134 
RESPIRATORY PROTECTION. 
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ACCESSION NUMBER: 3324. 9208. 
CHEMICAL NAME: TRINITROBENZENE. 
SYNONYMS : TNB. 1,3,5+RINITROBENZENE. UN 0214. TRINITROBENZENE, DRY. 
TRINITROBENZENE, WET. DC3860000. BENZENITE. UN 1354. BENZENE, 
1,3,5-TRINITRO-. S-TRINITROBENZENE. SYM-TRINITROBENZENE. SYMMETRIC 
TRINITROBENZENE. RCRA U234. 
CAS NUMBER: 99-35-4. 

REG. TOXIC NUMBER: DC3850000. c 

CHEMICAL FORMULA: C6H3N306. 

PHYSICAL DESCRIPTION: 
LIGHT GREENISH-YELLOW CRYSTALS. 

MOL WT: 
BOILING PT: 
SOLUBILITY: 
FLASH PT: 
VAPOR PRES: 
MELT PT: 
UEL IN AIR: 
LEL IN AIR: 
MEC IN AIR: 
SPEC GRAVITY: 
VAPOR DENSITY: 
ODOR THRESHOLD: 

213.12 
DECOMPOSES 
0.035 G 
EXPLODES 
0.3846 MM AT 252 I? 
254 F 
EXPLOSIVE 
EXPLOSIVE 

1.76 

OCTANOL/WATER CO-EFFICIENT:. 

PERMISSABLE EXPOSURE: 
NONE ESTABLISHED 
MUTAGENIC DATA (RTEC) 
CERCLA HAZARD RATINGS - TOXICITY 3 - IGNITABILITY 3 - REACTIVITY 3 - 
PERSISTENCE 2 
TOXICOLOGY: SEE TRINITROTOLUENE. 
ORL-RAT LD50:450 MG/KG 
ORL-MUS LD50:572 MG/KG 
ORL-GPG LD50:730 MG/KG 
IVN-MUS LD50: 32 MG/KG 

29CFR1910.1200 OSHA HAZARD COMMUNICATION STANDARD REQUIRES CHEMICAL 
MANUFACTURERS AND IMPORTERS TO ASSESS THE HAZARDS OF CHEMICALS WHICH THEY 
PRODUCE OR IMPORT, AND ALL EMPLOYERS TO PROVIDE INFORMATION TO THEIR 
EMPLOYEES CONCERNING HAZARDOUS CHEMICALS BY MEANS OF A HAZARD 
COMMUNICATION PROGRAM, LABELS AND OTHER FORMS OF WARNING, MATERIAL SAFETY 
DATA SHEETS, AND INFORMATION AND TRAINING. REQUIRES DISTRIBUTORS TO 
TRANSMIT REQUIRED INFORMATION TO EMPLOYEES. 

DANGEROUS EXPOSURE: 
NONE SPECIFIED 

LIGHT GREENISH-YELLOW CRYSTALS. 

INCOMPATIBILITIES: 
J 
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EXPLOSIVE HAZARD AT HIGH TEMPERATURES. SHOCK MAY DETONATE OR EXPLODE. 
THERMAL DECOMPOSITION PRODUCTS ARE HAZARDOUS AND/OR TOXIC. REDUCING 

_,,,, 

AGENTS. 
CL 

.- t -- 

-tQ 
34 

CLOTHING: 
NO NIOSH/OSHA DATA; RECOMMEND 
PREVENT ANY POSSIBILITY OF SKIN CONTACT 
WEAR IMPERVIOUS CLOTHING 
WEAR GLOVES 
WEAR FACESHIELD (8 INCH MINIMUM) 
PLACE CONTAMINATED CLOTHING IN CLOSED CONTAINERS FOR STORAGE UNTIL 
LAUNDERED OR DISCARDED 
IF CLOTHING IS TO BE LAUNDERED, INFORM PERSON PERFORMING OPERATION OF 
CONTAMINANT'S HAZARDOUS PROPERTIES 
-ACGIH "GUIDELINES FOR THE SELECTION"OF CHEMICAL PROTECTIVE CLOTHING" 
INDICATED THE FOLLOWING PROTECTIVE RATINGS FOR MATERIALS COMMONLY USED 
FOR PROTECTIVE CLOTHING. THESE RATINGS ARE BASED PRIMARILY ON 
QUANTITATIVE TEST RESULTS AND QUALITATIVE RESISTANCE INFORMATION. (THE 
RECOMMENDATIONS APPLY TO THE PURE SUBSTANCE ONLY; BREAKTHROUGH-TIME MAY 
VARY FOR MIXTURES.) (A "+" DESIGNATES A BLEND OF MATERIALS, WHILE A "I" 
DESIGNATES A COATED OR LAMINATED MATERIAL.) - 
UNSUBSTITUTED NITRO COMPOUNDS: EXCELLENT/GOOD: POLYVINYL ALCOHOL 
FAIR/POOR: NATURAL RUBBER NITRILE RUBBER FAIR/GOOD: CHLORINATED 
POLYETHYLENE POLYURETHANE POLYVINYL CHLORIDE VITON A WIDE VARIATION IN 
RATINGS IS INDICATED FOR THE FOLLOWING MATERIALS: BUTYL RUBBER NEOPRENE. 

WEAR EYE PROTECTION TO PREVENT: * 
'NO STANDARD REQUIREMENT, BUT ADVISE EYE PROTECTION TO 

PREVENT ANY POSSIBILITY OF EYE CONTACT 
WEAR FACE SHIELD OR VENTED GOGGLES. 

EMPLOYEE SHOULD WASH: 
NO STANDARD REQUIREMENT, BUT ADVISE WASHING 
IMMEDIATELY WHEN SKIN BECOMES CONTAMINATED. 

WORK CLOTHING SHOULD BE CHANGED DAILY: 
NO STANDARD REQUIREMENT, BUT ADVISE CHANGING 
IF THERE IS ANY POSSIBILITY THAT CLOTHING MAY BE CONTAMINATED. 

REMOVE CLOTHING: 
NO STANDARD REQUIREMENT, BUT ADVISE REMOVING 
IMMEDIATELY IF IT BECOMES WET. 

THE FOLLOWING EQUIPMENT SHOULD BE AVAILABLE: 
NO NIOSH/OSHA DATA, ADVISE: 
EYE-WASH FOUNTAIN WITHIN IMMEDIATE WORK AREA WHERE EMPLOYEES' EYES MAY BE 
EXPOSED TO SUBSTANCE QUICK DRENCHING FACILITIES WITHIN IMMEDIATE WORK 
3REA WHERE EMPLOYEES MAY BE EXPOSED TO SUBSTANCE. 

ESPIRATOR SELECTION (UPPER LIMIT DEVICES PERMITTEID): 
3 SPEC ADVISE 

- DUST MASK 
EXCEPT SINGLE-USE RESPIRATORS 

. . AND QUARTER-MASK RESPIRATORS 
- FUME OR HIGH-EFFICIENCY PARTICULATE RESPIRATOR 
- SELF-CONTAINED BREATHING APPARATUS 
- SUPPLIED-AIR RESPIRATOR 
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HIGH LEVELS 
- SELF-CONTAINED BREATHING APPARATUS 
WITH A FULL FACE-PIECE, HELMENT, OR HOOD 

FIREFIGHTING 
- SELF-CONTAINED BREATHING APPARATUS 
WITH A FULL FACE-PIECE 
OPERATED IN PRESSURE-DEMAND OR POSITIVE-PRESSURE MODE. 

MEDICAL SURVEILLANCE: 
NO INFORMATION AVAILABLE FROM NIOSH/OSHA 'OCCUPATIONAL HEALTH GUIDELINES 
FOR CHEMICAL HAZARDS"; ADVISE: EKG RECOMMENDED IF EMFLOYEE TO WEAR 
FULL-FACE RESPIRATOR., 
GENERAL MEDICAL HISTORY. .- 
40CFR717 RECORDS AND REPORTS OF ALLEGATIONS THAT CHEMICAL SUBSTANCES 
CAUSE SIGNIFICANT ADVERSE REACTIONS TO HEALTH OR THE ENVIRONMENT ;rOXTC 
SUBSTANCES CONTROL ACT (TSCA) SECTION 8(C) RULE REQUIRES MANUFACTURERS 
AND CERTAIN PROCESSORS OF CHEMICAL SUBSTANCES AND MIXTURES TO KEEP 
RECORDS OF SIGNIFICANT ADVERSE REACTIONS TO EMPLOYEE HEALTH FOR 30 
YEARS. 
PHYSICIAN PRE-PLACEMENT AND ANNUAL EXAMS. 
MEDICAL WARNING FOR REFUSAL OF MEDICAL EXAMINATION. 
BLOOD CHEMISTRY. 
SKIN EXAM. 
WEIGHT. 
GASTROINTESTINAL. 
CENTRAL NERVOUS SYSTEM EXAMINATION. 
LIVER FUNCTION. 
URINALYSIS. 
KIDNEY FUNCTION. 
RENAL AND LIVER FUNCTIONS. 
29CFR1910.20 OSHA STANDARD SUBPART C - GENERAL SAFETY AND HEALTH 
PROVISIONS PROVIDES FOR EMPLOYEE, DESIGNATED REPRESENTATIVE, AND OSHA 
ACCESS TO EMPLOYER-MAINTAINED EXPOSURE AND MEDICAL RECORDS RELEVANT TO 
EMPLOYEES EXPOSED TO TOXIC SUBSTANCES AND HARMFUL PHYSICAL AGENTS. 
53FR38140 g/29/88 (AMENDED). 

ROUTE OF ENTRY: 
INHALATION. INGESTION. SKIN ABSORPTION. SKIN OR 

TARGET ORGANS: 
EYES. RESPIRATORY SYSTEM. SKIN. BLOOD. CENTRAL 
GASTROINTESTINAL. KIDNEYS. LIVER. BONE MARROW. 

SYMPTOMS: 
NASAL, OLFACTORY ORGAN (SC0171); 

EYE CONTACT. 

NERVOUS SYSTEM. 

IRRITATION, EXTREME REACTION T0.A CONDITION (SCOOSO). 
SKIN, COVERING OF BODY (SCO174);n 
PIGMENTATION, COLORATION (SC0132). FATIGUE; TIREDNESS, SLUGGISH 
(SCOO66). WEAKNESS, LACK OF STRENGTH (SC0167). DIZZINESS, FEELING 
FAINT, LIGHT-HEADED, UNSTEADY(SC0048). HEADACHE, PAIN IN HEAD OR CRANIUM 
AREA (SCOO75). NAUSEA, SICKNESS AT THE STOMACH (SC0115). VOMITING, 
PERTAINING TO NAUSEA (SC0166). CYANOSIS, DARK BLUE/PURPLE SKIN COLOR 
(SCOO38). INSOMNIA, INABILITY TO OBTAIN NORMAL SLEEP (SCOOSS). 
HEMOLYSIS, BLOOD DISSOLUTION, DESTRUCTION (SC0195). WEIGHT LOSS, DROP IN 
BODY WEIGHT (SCO104). 
CENTRAL NERVOUS SYSTEM, PERTAINING TO NEURAL BODY SYSTEM (SCO028); 
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DEPRESSION, DECREASE IN ACTIVITY/FUNCTION (SCO043). LIVER DAMAGE, INJURY 
TO THE LIVER (SCO221). TOXIC HEPATITIS, INFLAMED LIVER OF TOXIC ORIGIN ~",, 
(SC0257). KIDNEY DAMAGE, INJURY TO THE KIDNEY (SCO220). JAUNDICE, 
YELLOWING OF SKIN, EYES (SCOOSZ). DERMATITIS, INFLAMMATION OF SKIN 
(SCOO44). ANOREXIA, DIMINISHED APPETITE (SCOOOS). ANURIA, COMPLETE LACK 
OF URINATION (SCO304). OLIGURIA, DECREASED URINATION (SC0323). 
CONVULSIONS, SUDDEN MUSCLE CONTRACTIONS (SCO034). COMATOSE, STATE OF 
DEEP UNCONSCIOUSNESS (SC0186). HEMATURIA, RED BLOOD CELLS IN URINE 
(SCO076). 
BONE MARROW, SOFT, BLOOD-FORMING TISSUE (SC0381); 
DAMAGE, PERMANENT INJURY (SC0287). METHEMOGLOBINEMIA, BLOOD CONDITION 
FOLLOWING SOME POSION(SCO230). DYSPNEA, DIFFICULTY IN BREATHING 
(SCOO52). 

FA 
FIRST AID. .__ 

(1 OF 4) 
IF THIS CHEMICAL GETS INTO THE EYES, WASH THE EYES IMMEDIATELY WITH LARGE 
AMOUNTS OF WATER OR NORMAL SALINE, OCCASIONALLY LIFTING UPPER AND LOWER 
LIDS, UNTIL NO EVIDENCE OF CHEMICAL REMAINS (APPROXIMATELY 15-20 
MINUTES). GET MEDICAL ATTENTION IMMEDIATELY. 

(2 OF 4) 
IF THIS CHEMICAL GETS ON THE SKIN, REMOVE CONTAMINATED CLOTHING AND SHOES 
IMMEDIATELY. WASH AFFECTED AREA WITH SOAP OR MILD DETERGENT AND LARGE 
AMOUNTS OF WATER UNTIL NO EVIDENCE OF CHEMICAL REMAINS (APPROXIMATELY 
15-20 MINUTES). GET MEDICAL ATTENTION IMMEDIATELY. 

(3 OF 4) 
IF THIS CHEMICAL HAS BEEN INHALED, REMOVE FROM EXPOSURE AREA TO FRESH AIk 
IMMEDIATELY. IF BREATHING HAS STOPPED, PERFORM ARTIFICIAL RESPIRATION. 
KEEP PERSON WARM AND AT REST. TREAT SYMPTOMATICALLY AND SUPPORTIVELY. 
GET MEDICAL ATTENTION IMMEDIATELY. 

(4 OF 4) 
INGESTED NITRO/AMINO COMPOUNDS: REMOVE BY GASTRIC LAVAGE OR EMESIS AND 
CONSIDER USING ACTIVATED CHARCOAL. DO NOT PERFORM: GASTRIC LAVAGE OR 
EMESIS ON AN UNCONSCIOUS PERSON. MAINTAIN BLOOD PRESSURE AND 
RESPIRATION. GIVE OXYGEN IF RESPIRATION IS SHALLOW OR ANOXIA IS PRESENT. 
(DREISBACH, HANDBOOK OF POISONING, 12TH ED.). TREAT SYMPTOMATICALLY AND 
SUPPORTIVELY. GET MEDICAL ATTENTION IMMEDIATELY. LAVAGE AND OXYGEN MUST 
BE ADMINISTERED BY QUALIFIED MEDICAL PERSONNEL. ANTIDOTE: FOR SEVERE 
METHEMOGLOBINEMIA, GIVE METHYLENE BLUE, 1% SOLUTION, 0.1 ML/KG (1 MG/KG) 
SLOWLY INTRAVENOUSLY. ALL ANTIDOTES MUST BE ADMINISTERED BY QUALIFIED 
MEDICAL PERSONNEL. (DREISBACH, HANDBOOK OF POISONING, 12TH ED.). 

END OF REQUEST 
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AN ACCESSION NUMBER: 3315. 9207. 
CN CHEtlICAL NAtiE: TRINITRUTOLUENE. 
SY SYNONYMS: TNT. 2~4~6-TRINITRUTOf..UENE. NCI-CS6155, UN 0208. TRITON, 

TULITE. TOLUENE r 2r4~6-TRINITRU-. UN 1356. BENZENE 9 
2-METHYL-1,3,5-TRINITRO-. ENTSUFUN. ALF’HA-TNT. TNT-TOLITE. TULIT. 
TRINITRUTOLIJENEP DRY, S-TRINITRUTULIJENE. SYtf-TRXNITRUTULUUL. 
2,4r6-TRINITROTUI~UOL. TRJTOL. TROTYL. TROTYL OIL. 

RN CAS NUPIBER: 118-96-7. 

REG. TOXIC NUMBER: X110175000. 

CHEMICAL FOF:tllJLA: C7H5N3U6. 
Fn 

PHYSICAL DESCRIFTION: ._ 
COLORLESS TO FALE YELLOW9 ODORLESS SOLID. 

MOL WT: 
BOILING F’T: 
SOLUBILITY: 
FLASH F’T: 

\;, ‘J$F’OR F’RES: 
HELT FT: 
UEL IN AIR: 
LEL IN AIR: 
MEC IN AIR: 
SF’EC GRAVITY: 
VAF'UR DENSITY: 
ODOR THRESHOLD: 

227 
EXPLUDES 464 f- 
0.013 G 
EXF’LODES 
010s PIH 
178 F 
N/A 
N/A 
557 F 
1.654 

OCTANUL/WATER CO-EFFICIENT:. 
EL 

FERHISSABLE EXF'USURE: 
0.5 nG/fi3 OSHA TWA (SKIN) 
0.5 tlG/tl3 ACGIH TWA (StiIN NOTATION) 
0.5 ilG/ti3 NIOSH RECUhHENDEU 10 HR TWA (SKIN) 
MUTAGENIC DATA (RTEC) 
CERCLA HAZARD RATINGS - TOXICITY 3 - IGNITABILITY 3 - REACTIVITY 3 - 
PERSISTENCE 2 
TOXICOLOGY: TNT IS A FRLt’fARY SKIN IRRITANT9 SKIN SENSITIZER9 NUERO- 
TOXIN9 NEPHRUTOXINs HEFATOTUXINP AND BONE PIARROW IIEPRESSANT. 
ACUTE FOISUNING RESULTS IN CYANOSISr NAUSEA9 APLASTIC OR HEtiOLYTIC 
ANEMIA~JAUNDICE~ ANB POSSIBLY OLIGURIA OR ANtJR:IA. IN EXTREME CASESv 
PERIPHERAL NEURITIS9 CUNVULSIONS AND COMA HAY OCCUR. 
VAPORS AND DUSTS IRRITATE THE EYES AND MUCOUS MEtfBRANES. EXPOSURE HAY 
DISCOLOR THE SKIN, HAIRI AND NAILS, SEVERE DERMATITIS IS FRODUCEn IN 
tlANY WORKERS EXPOSED TO TNT. CASES OF SENSITIZATION HAVE BEEN REPORTED. 
INFORMATION IS NOT AVAILABLE ON WARNING.PRUFERTIES, OF TRINITROTOt.UENE. 
THE THRESHOLD LIMIT VALUE WAS SET TO PREVENT SYSTEMIC POISONING, 
ORL-RAT Lnso: 820 MG/KG 
ORL-MUS LDSO:lOO? HG/KG 
ORL’-CAT LftLO: 1850 MG/KG 
ORL-RET LDLU: 500 HG/KG 

29CFR1910.1200 OSHA HAZARD CUtlMUNICATION STANDARD RERUIRES CHEH.ICAL 
MANUFACTURERS AND IMPORTERS TO ASSESS THE HAZARDS OF CHEMICALS WHICH THEY 
PRUIIUCE OR IHF'URT, AND ALL EtiF’LOYERS TO PROVIDE INFORMATION TO THEIR 
EflFLUYEES CONCERNING HAZARDOtiS CHEMICALS BY MEANS OF A HAZARD 
COMMUNICATION PROGRAM9 L.ABELS AND OTHER FURMS UF WARNING7 MATERIAL SAFETY 
DATA SHEETlip AN15 INFORMATION ANIl TRAXNING. REQUXRES DISTRIBUTORS TO 
TRANSMIT REQUIRED INFORHATIUN TU EMPLOYEES. 



.e 

I 

CULlJKLtss 1 U F’FILt YtLLUU7 UL;UK. 

LC 
i INCOMPATIBILIT?ES: 

STRONG OXIDIZERS+ AMMUNIA l STRONG ALK~LIFS. EXF’LOSI!JE HAZAH11 AT H1Gi-i 
TEMPERATURES. THERMAl. DECOMPOSITION PRODUCTS ARE HAZARDOUS AND/OR TO&,, 
SHOCP; HAY DETONATE III? EXPLODE, REDUCZrJG AGEIJTS. 

CL 
CLOTHING: 

FOLLOWING INFORMATION FROM NXGSH/OSHA ‘OCCUPATIONAL HFALTH GUIDELINES FOR 
CHEMICAL HAZARDS’ : 
EMPLOYERS SHALL F'ROUIDE AND ENSURE THAT EhPLOYEES USE APPROPRIATE 
PROTECTIVE CLOTHING AND EGUIPMENT NECESSARY TO PREVENT REPEATED OR 
PROLONGED SKIN CONTACT WITH THIS SUBSTANCE. FACE SHIELDS SHALL CORBLY 
WITH 29CFR1910,133(A)(2)~ (A)(411 (A)C5), AND (A)(&). 
EMF’LOYERS SHALL ENSURE THAT CLOTHING CONTAMINATED WITH THIS SUBSTANCE IS 
PLACED IN CLOSED CGNTAKNERS FCJR STORAG E UNTTL IT CAN DE DISCARDED OR 
UNTIL THE EMPLOYER PROVIDES FOR THE RFMOVAL OF THE CONTAMINANT FROM THE 
CLOTHING. IF THE CLGTHTNG IS TO DE,- LAUNDERED QR GTHERW I SE CLEANFD TO 
REMOVE THE CONTAflINANTr THE EkPLOYER SHALL INFORM THE F’ERSON PERFCIRMING 
THE CLEANING OF THE HAZARDOUS PROPERTIES OF THE S115STANCE. 
-ACGIH ‘GUIDELINES FOR THE SELECTION OF CHEHICAL PROTECTIVE CLOTHING 
INDICATED THE FOLLOWING PROTECTIVE RATINGS FOR MATERIALS COMMGNLY USED 
FOR PROTECTIVE CLOTHING v THESE RATINGS ARE BASED F’RIMARILY ON 
QUANTITATIVE TEST RESULTS AND QUALITATIVE K’ESXSTAtiCE INFOKMATIDN, iTHI 
RECOMMENDATIONS AF’F’LY TG THE .PURE SUDSTANCE ONLY; HREAKTHRGUGH-TIME MAY 
VARY FOR MIXTURES,) (A ‘t’ DESIGNATES A FI.END OF MATERIALS? WHILE A ‘/. 
DESIGNATES A COATED OR LAMINATED MATERIAL.) - 
UNSUBSTITUTEn NITRO COMPOUNDS: EXCELLENT/GOOD: POLYVJNYL ALCOHOL 
FAIR/POOR: NATURAL RUBBER NITRILE RUBBER FA.KR/GOTJI?: CHLORINATED 
POLYETHYLENE POLYURETHANE POLYVINYL CHLORIDE VITON A WIDF VARIATION IN 
RATINGS IS INDICATED .FGR THE FOLLGWING MATERIALS: EUTYL RUBBER NEOF’REb”“’ 

WEAR EYE PROTECTION TO PREVENT: 
FOLLOWING INFORflATION FROM NIOSH/OSHA ‘OCCUPATIONAL HEALTH GUIDELINES FOR 
CHEMICAL HAZARDS’ : 
EMPLOYERS SHALL PROVIDE AND ENSURE THAT EMF’LOYEES USE DUST-RESISTANT 
SAFETY GOGGLES WHICH COMPLY WITH 2?CFR1?101133(A)(2)-(A)(B) WHERE THIS 
SOLID MAY CONTACT THE EYES. 

EMPLOYEE SHOULD WASH: 
FOLLOWING INFORMATION FROM NXOSH/OSHA ‘OCCUPATIONAL HEALTH GIJIDELINFS Fop 
CHEMICAL HAZARDS’ : 
EMF’LOYERS SHALL ENSURE THAT ALL EMPLOYEES SUBJECT TO SKTN CONTACT WITH 
THIS SUESTANCE WASH WITH SOAP OR HILD DETERGENT AND WATER ANY AREAS OF 
THE BODY WHICH MAY HAVE CONTACTED THE SUBSTANCE AT THE END OF EACH WORK 
DAY. 
EMPLOYERS SHALL ENSURE THAT EMPLOYEES WHOSE SKIN EECOHES CONTAMINATED 
WITH THIS SUBSTANCE PRGMF’TLY WASH OR SHOWER WITH SOAP OR MILD DETERGENT 
AND WATER TO REMOVE ANY CONTAHINANT FRQM THE SKIN. 
EMPLOYERS SHALL ENSURE THAT EHFLOYEES WHO HANDLE THIS SUBSTANCE WASH 
THEIR HANDS THOROUGHLY WITH SOAP OR HILD DETERGENT AND WATER BEFORE 
EATINGp SHOKINGP OR USING TOILET FACILITIES. 

WORK CLOTHING SHOULD BE CHANGED DAILY: 
FOLLOWING INFORMATION FROM NIOSH/OSHA ‘OCCUPATIONAL HEALTH GUIDELINES FOR 
CHEHICAL HAZARDS*: 
EHPLOYERS SHALL ENSURE THAT EHPLGYEES WHOSE CLOTHING HAY HAVE BECOME 
CONTAHINATED WITH THIS SUDSTANCE CHANGE INTO UNCONTAMINATED CLOTHING 
BEFORE L.EAVING THE WORK PREMISES. 

REMOVE CLOTHING: 
FOLLOWING INFORMATION FROM NIOSH/GSHA ‘G~CUPATIONAL HEALTH GLIIDELINES FOR 
CHEMICAL HAZARDS’: 



I THE SUBSTANCE ‘IS REMG’JED FRtTM THE CLOTHING. ’ 

1 THE FOLLOWING EOUIPHENT SHOULD BE AVAILABLE: 
FOLLOWING INFGRMATIOkJ FROM NIOSH/OSHA ‘OCCUPATIONAL HEALTH GUIDELINES FOR 
CHEMICAL HAZARDS’: 
EMPLOYERS SHALL ENSURE THAT EHF’LOYEES DO NGT EAT OR SMGKE IN AREAS WHERE 
THIS SUBSTANCE IS HANDLED? PROCESSED GR STORED. 

RP 
RESPIRATOR SELECTION (UPPER LIHIT DEVICES PERHITTED): 
5 HG/M3 

- SUPPLIED-AIR RESPIRATOR 
- SELF-CONTAINED BREATHING APPARATUS 

12.5 HG/H3 
- SUF’PLIED-AIR RESPIRATOR OPERATED IN CONTINUOUS tI.OW HGDE 

25 HG/M3 
- SUPPLIED-AIR RESPIRATOR 
WITH A FULL FACE-PIECE 

._ 

- SELF-CONTAINED BREATHING APPARATUS WITH A FIJI-L FACE-PIECE 

1000 HG/H3 
- SUF'F'LIED-AIR RESFIRATOR WITH FUI..L FACEPIECE OPERATED IN 

PRESSURE-DEMAND OR OTHER F'OSITI'JE F’RESSURE HODE: 

ESCAPE 
- AIR-PURIFYING FULL FACEPIECE RESPIRATOR (GAS MASK) WITH A 

CHIN-STYLE OR FRONTOR BACK-HOUNTED ORGANIC VAPCIR CANISTER HAVING A HIGH 
EFFICIENCY PARTICULATE FILTER 

- APPROF’RIATE ESCAPE-TYPE SELF-CONTAINED BREATHING APF’ARATUS 

FIREFIGHTING 
- SELF-CONTAINED BREATHING APPARATUS WITH A FULL FACE-PIECE 

OPERATED IN PRESSURE-DEHAND OR POSITIVE-PRESSURE MODE. 
MS 

HEDICAL SURVEILLANCE: 
GENERAL MEDICAL HISTORY. 
40CFR717 RECORDS AND REPORTS OF ALLEGATIONS THA ? CHEMICAL SUBSTANCES 
CAUSE SIGNIFICANT ADVERSE REACTIQNS TO HEALTH OR THE ENVIRONMENT TOXIC 
SUBSTANCES CONTROL ACT (TSCA) SECTION 8(C) RJJLE: REQUIRES MANUFACTURERS 
AND CERTAIN PROCESSORS OF CHEMICAL SUBSTANCES AND MIXTURES TG KEEF' 
RECORDS OF SIGNIFICANT ADVERSE REACTIONS TO EMFLOYEE HEALTH FOR 30 
YEARS. 
RESPIRATORY HISTORY, 
PHYSICIAN PRE-PLACEHENT AND ANNUAL EXAMS. 
HISTORY OF ASTHHA OR ALLERGIES. 
BLOOD DISEASE. 
BLOOD CHEMISTRY. 
RENAL AND LIVER FUNCTIONS. 
LIVER FUNCTION, 
VISION TEST. 
EYE DISEASE, 
CHRONIC RESPIRATORY DISEASE, 
CENTRAL NERUOIJS SYSTEM EXAHINATION. 
KIDNEY FUNCTION. 
URINALYSIS. 
COHPLETE BLOOD COUNT. 
HEHATOLOG’I l 

SGOT. 
SGPT. 
EKG RECOHMENDED IF EHPLOYEE TO WEAR FULL-FACE RESPIRATOR. 
PRE-PLACEHENT AND UP TO SEMI-ANNUAL UNDER SPECIFIC CONDITIONS. 
ATTENTION TO SHOKINGv ALCOHOLS MEDICATIOdr AND EXPOSURE TO CARCINQGENS. 
29CFR1910.20 OSHA STANDARD SlJBPART C - GENERAL SAFETY AND HEALTH 
hnnl,TcTn.lt- c, I3 n I t T 7-B c c cnrl cym, *ycr hCPlr)h,ATFF. r*l-F.h-.l-#-C.IT..-rTl.l- *11r. r.d-.*l* 



.; EHF’L.uYEES EXFOSED TO TOXIC SUBSTANCES AND HAK?fF ill.. PHYSICAL AliFNT$, 

I 
53FR38l40 9,‘29/58 (AMENDED). 

, RE 
ROUTE OF ENTRY: 
INHALATION+ SKIN ABSORPTION. INGESTION. SKIN OR EYE CGNTACT, 

TO 
TARGET ORGANS: 
EYES + SKIN. RESPIRATORY SYSTEM, BLOOD. CENTRAL NERVOUS SYSTEM. 
CARDIOVASCULAR SYSTEM. GASTROINTESTINAL. KIDNEYS. LIVER. 

SF 
SYMPTOMS: 
LIVER DAMAGE r INJURY TO THE LIVER (SCO221). JAUND ICE I YELLOWING OF SKIN? 
EYES (SCOO92>+ CYANOSISr DARK Bt.UE/PURPLE SKIN COLOR (SCOO38). SNEEZING 
FORCABLE EXPIRATION OF AIR (SCOl51). COUGHING J FQRCEFUL EXPIRATION 
('SCO173). THIRSTr DESIRE FOR WATER (SCO210). PERIF’HERGL NEURITIS,. 
INFLAMED NER’JES OF EXTREMITIES (SCO12?). 
MUSCULAR 9 ORGAN RESPONSIBLE FOR MOTION (SCOllO); 
PAIN, SUFFERING9 EITHER PHYSICAL OR MENTAL (SCO182). KIDNEY DAMAGE9 
INJURY TO THE KIDNEY (SCOZZO). BEk'HATITIS, INFLAMMATION OF SKIN 
(SCOO44) * LEUKOCYTOSISv INCREASED WHITE BLOOD CELLS (SCOO99). TOXIC 
HEPATITISI INFLAMED LIVER OF TOXIC ORIGIN (SCO257). 
CARDIOVASCULAR I F’ERTAINING TO HEART f BLOQD VESSELS (SCOO37) ; 
DISTURBANCE p INTERRUFTIQN OF A NORMAL STATE (SCOO47:. AL.EUMLNlIF:IAr 
ALbtJtlIN (FROTEIN) IN URINE (SCOOO2). SEIZURE 9 CONVULSION (SCO149) , 
NEPHRITIS, INFLAMMATION GF THE KIDNEYS (SCOlii’). FALLGF:, F’AILENESS, AS OF 
THE SKIN (SCOl??) e &b NAUSEA r SICKNESS AT THE STOMACH (SCO115). ANOREXIA 
DIIILNISHED AFFETITE (SCOOOS), BGNE MARRGW DEFRESSIONv LOWERING OF BONE 
TISSIJE ELOGD PRODUCT (SCO249). AF’LASTIC ANEMIA? ANEHIA FROM BONE MARROW 
DAMAGE (SCO255), HEMOLYTIC ANEMIA9 BREAKDOWN OF RED BI..OOD CELLS 
(SCO233). OLIGIJRIAp DECREASED UF:INATIGN (SCO323). ANIJR IA, COMPLETE LACK 
OF URINATION (SCO304), CONVULSIONS~ SUDDEN MUSCLE CONTRACT IONS ( SCOO? 
COMATOSE I STATE OF DEEP UNCONSCIOUSNESS (SCOlG61, HEADACHE? PAIN JN -1 
OR CRANIUM AREA (SCOO75). METHEMGGLOB~NEMIA~ BLOOD CONDITION FGLLGWIhu 
SOME POSION(SCOZ30). 
SKINlr COVERING OF BODY (SCO174); 
SENSITIZATIONI ALLERGIC REACTION (SCO148). 
GASTROINTESTINALr PERTAINING TO STOnACH & INTESTINE (SCOO70); 
IRRITATIONI EXTREME REACTION TO A CONDITION (SCOO?O). 
MUCOUS MEMBRANE9 MEMBRANE LINING PASSAGES/CAVITIES (SCOlO9); 
IRRXTATIONr EXTREME REACTION TO A CONDITION (SCOO90). LEUKQPENIA, 
DECREASED WHITE BLOOD CELLS (SCOlOl), CATARACTSI LOSS OF TRANSPARENCY OF 
EYE LENS (SCO409). ECZEMAp CHRONIC DERMAT’ITXS (SCOO53). ERYTXEMA I 
REDNESS I SF’OTS ON SKIN (SCOO60). ICTERUSr DISCOLORATION OF TISSUE 
(SCOO84). CGNJUNCTIVITIS~ INFLAMATION OF EYES (SCOO31). 
RESPIRATORYI PERTAINING TO THE LUNGS (SCO142)i 
IRRITATION? EXTREME REACTION TO A CONDiTION (SCOO901, ANGINAr SENSE OF 
SUFFOCATION (SCO209). UQHITINGr PERTAINING TO NAUSEA (SCO166). DIARRHEA 
UNCGNTROLLED LOOSE BOWELS (SCOO46). 
HEPATICI PERTAINING TO THE LIVER (SCOO81); 
ENLARGEMENT, BEING LARGER (SCOOSS), 

FA 
FIRST AID. 

(1 OF 8) 
IF THIS CHEMICAL GETS INTO THE EYES* WASH THE EYES ItiMEDIATELY WITH LARGE 
AMOUNTS OF WATER OR NORMAL SAL.INEp GCCASIQNALLY LIFTING UPPER AND LOWER 
LIDS? UNTIL NO EVIDENCE Of CHEMICAL REtlAINS (APPROXIflATELY 15-20 
MINUTES). GET MEDICAL ATTENTION. IMMEDIATELY, 

‘(2 OF 8) 
IF THIS CHEMICAL GETS ON THE SKIN? REMOVE CONTAflINATED CLOTHING ANDSHOES 
IMMEDIATELY. WASH AFFECTED AREA WITH SOAP OR tlIl..D DETERGENT AND LARGE 
AMOUNTS OF WATER UNTIL NO EVIDENCE OF CHEMJCAL REMAINS (APPROXIMATELY 
15-20 MINIJTES). GET MEDICAL ATTENTIQN IHHEDIATELY. 



3 . . -, 

I 

IF THIS CHEMICAL HAS BEEN INHGLEDI RE,lrJIJE F snl-l EXFUSUUk A I? E A T :.> F ;? g S H A I F; 
IMkEDIATELY. IF BREATHING HAS STOFF’Ellr FEF:FURn ARTIFICIAL RE8P:RATIcN. . 
KEEF’ PERSON WARk AND AT REST. TREAT SYbPTDnkTICALI,Y AND SlJPF’ORTlVFLy . 
GET MEDICAL ATTENTION IMMEDIATELY. 

(4 OF 8) 
WHEN THIS CHEMICAL HAS BEEN SWALLOWED9 DO NOT INDUCE VQhITING, S Erit'l V E rt 7 
GASTRIC LAVAGE AND CATHARSIS. 

(5 OF 8) 
INGESTED TRINITROTOLUENE/TRINITROBENZENE: EMERGENCY TREATMENT - REMOVE BY 
GASTRIC LAVAGE OR EMESXS. FIJRTHER TREATMENT - TREAT LIVER FAILIJRE AND 
HEMOLYTIC REACTIONS. ( DREI SBACH p HANDBOOK OF YOISONINGr 1lTH ED.1. 

(6 OF 81 
GASTRIC LAVAGE - GIVE FATIENT GLASS OF WATER PKIUR TO PASSING OF STGtiACH 
TUBE. LAY PATIENT ON ONE SIDEr WITH HEAD LOWER THAN ‘JIAIST. IkflOBILIZE 
A STRIJGGLING PATIENT WITH A SHEET QR BLANKET. MEASURE DISTANCE ON TUBE 
FROM MOUTH TO EPIGASTRIUMr MARK TUBE WITH INDELIBLE MARKING OR TAPE. 
REMOVE DENTURES AND OTHER FOREIGN QB.JECTS FROhl TIiE MOUTH, OPEN MOUTH v 
USE GAG IF NECESSARY. EXTEND HEAD BY LIFTING CHIN. F’ASS TUBE OVER 
TONGUE ANU TOWARD BACK OF THROAT WJTHGUT EXTENDING HEAD OF NECK, IF 
OBSTRUCTION IS MET BEFORE THE MARK QN TUBE REACHES 1.EVEl.S OF THE TEETH? 
DO NOT FORCE? BUT REMOVE TUBE AND REFEAT F’ROCEDURE UNTIL TUBE FASSES 71:) 
MARK. F’LACE END QF TIJBE IN GLASS (3F WATEF:. IF -rI;BE IS OBSTRUCTED UHEN 
INTRODUCED ABOUT HALFWAY TCI THE MARK, IT MAY HA?rt: ENTERED TRACHEA. AFTER 
TUBE IS FLACED IN STOMACH* ASF'IRATE FIRST TO REhCt’E STOMACH CONTENTS By 
IRRIGATION SYRINGE. SAVE STOHACH CONTENTS FGR EXAtiINATICNp AND REF’EAT 
INTRODUCTION AND WITHDRAWL OF loo-300 HI.. WARM WATER UNTIL. AT LEAST 3 
LITERS OF CLEAR RETURN ARE OBTAINED. USE ACTIVATED CHARCOAL AT BEGSNNING 
OF LAVAGE TQ AID IN POISC)N ZNACTIVATION. LEAVE !TO GRAMS QF CHARCOAL 
SUSPENDED IN WATER IN THE STOMACH. IF INTRQDUCTION AND REMOVAL OF LAVAGE 
FLUID BY GRAVITY REQUIRES MORE THAN FIVE MINUTESl ASSIST WITH ASEFTO 
SYRINGE, F’REVENT ASPIRATION WITH CUFFED ENDOTRACHEAL TUBE, AVOID GIVING 
LARGE QUANTITIES OF WATER, IF PATIENT COMATOSE, INTUBA TE TRACHEA WITH 
CUFFED ENDOTKACHEAL TUBE e SUCCINYLCHLORINE MAY BE ADMINISTERED BY 
QUALIFIED MEDICAL F’ERSONNEL TO EASE INSERTION OF TRACHEAL CATHETER PRIOR 
TO PASSAGE OF STOMACH TUBE. PROCEDURE MUST BE PERFORMED BY QUALIFIED 
MEDICAL FERSONNEL. (DREISBACHv HANDBOOK OF POJSGNXNG~ 12TH ED, 1, 

t-7 OF 8) . 
LIVER DAMAGE - DISCONTINUE ALL DRUGS AND CHEMICALS. FfATNTAIN CQtiFLETE 
BED REST. AVOID ANESTHESIA OR SURGICAL PROCEDURES, A’JOID DEHYDRATJON OR 
OVERHYDRATION. IF VOMITING IS SEVERE AND ORAL FLUIDS ARE NOT RETAINED? 
REPLACE VOMITUS WITH AN EQUAL QUANTITY OF S-10X DEXTROSE’IN 0,3-0,s N 
SALINE. ADMINISTER MAINTENANCE FLUIDS AND ELECTROLYTES AS NECESSARYl 
DEFENDING ON RENAL FUNCTION. RESUME ORAL FEEDINGS AS SOON AS THE PATIENT 
CAN <TOLERATE THEM e CONTROL THE AHOlJNT OF PROTEIN IN THE DIET IN ORDER TQ 
CORRECT THE SERUM F’ROTEIN LEVEL. GIVE VITAMIN ICI PHYTONADIONEI 2.5 HG 
DAILY. IF ANEMIA IS SEVERE9 CONSIIlER A BLOOD TRANSFUSION. PRQCEDURE 
MUST BE PERFORMED BY QLJALIFIED MEDICAL PERSQNNEL, (DREISBACH, HANDBOOK 
OF POISONINGI 12TH ED.). 

(8 OF 8) 
HEMOLYTIC REACTION - IN THE PRESENCE OF HEMOGLOBINURIA WITH NORMAL KIDNE’f 
FUNCTION, MAINTAIN URINE OUTPUT AT 2-3 ML/KG/HOUR, FUROSEMIDE, 20-SO MG 
ORALLY OR INTRAVENOUSLY EVERY 4-8 HOURS? MAY BE HELPFIJL. ALKALINIZE THE 
URINE BY GIVING SODIUM BICARBONATEp 1-2 MEQ/KG ElJERY 12 HGURS. MQNITDR 
CENTRAL VENOUS PRESSURE AND ELECTROLYTES. HANNITOL ADMINISTRATION HAS - 
BEEN USED TO MAINTAIN URINE OUTPUT, IF SERlJll HEMOGLOBIN EXCEEDS 1.5 
GH/DL 9 TOTAL EXCHANGE TRANSFUSION MAY PRE’JENT RENAL FAILURE, IN THE 
PRESENCE OF METHEMOGLOBINEMIA WITH HEMOLYSIS, TREAT HETHEMOGLOBINEM’IA BY 
GIVING METHYLENE BLUEv 1 MG/KG. PROCEDURE MUST IPE PERFORMED BY QUALIFIED 
MEDICAL PERSONNEL. (DREISHACH, HANDBOOK OF POISONINGS 12TH ED.). 

l-IT 



. . PRINT ALL/DO&l 

1 
AN ACCESSION NUMBER: 2773. 9205. 
C" CHEHICAL NAHE: SELENIUH. 
h " ""9, “YNONYHS: SELENIUM9 HETALLIC. SELENIUMv ELEHENTAL. C.1. 77805. UN 

658. ELEHENTAL SELENIlJJl. SELENIUJI HETAL. 
RN CAS NUtiBER: 7782-49-2. 

REG. TOXIC NUHEER: vs7700000. 

CHEHICAL FORHULA: SE. 
PD 

PHYSICAL DESCRIPTION: 
ODORLESS t BLUISH-GRAY, BLACK OR RED SOLID. 

tlOL WT: 78.96 
BOILING PT: 1261-1265 F 
SOLUEILITY: INSOLLJDLE 
FLASH PT: NONCOHEUSTIBLE SOLID 
VAPOR PRES: 10 HHHG 0 29 C 
HELT PT: 423 F (217 C) 
UEL IN AIR: N/A 
LEL IN AIR: N/A 
HEC IN AIR: 
SF’EC GRAVITY: 4.81 
VAFOR DENSITY: 
ODOR THRESHOLD : 
OCTANOL/WATER CO-EFFICIENT:. 

EL 
. . . ..PERHISSABLE EXPOSURE: . 

3.2 HG/fi3 OSHA TWA 
3.2 ilG/M3 ACGIH TWA 
0.2 HG/H3 NIOSH RECOMMENDED 10 HR TWA 
HUMAN INADERUATE EVIDENCE FOR CARCINOGENICITY (IARC GROUP-31 
ANIHAL INADEQUATE EVIDENCE FOR CARCINOGENICITY (IARC GROIJP-3) 
TUHORIGENIC DATA (RTECS) i REPRODUCTIVE EFFECTS DATA (RTECS) 
CERCLA HAZARD RATINGS - TOXICITY 3 - IGNITADILITY 0 - REACTIVITY 0 - 
PERSISTENCE 3 
TOXICOLOGY: SELENIUtl IS AN EYEI SKIN AND JIUCOUS HEHDRANE IRRITANT. IT 
IS SLIGHTLY TOXIC BY INGESTION. POISONING HAY AFFECT THE LIVER* KIDNEYS 
AND RESPIRATORY SYSTEW. flETAL FUME FEVER, AN INFLUENZA-LIKE ILLNESS HAy 
OCCUR DUE TO THE INHALATION OF FRESHLY FORHED METAL OXIDES AND RESULT 
IN SYHPTOJIS INCLtJDING A SWEET, HETALLIC OR FOUL TASTE IN THE HOUTHs 
EXAGGERATED JIENTAL ACTIVITY AND PROSTRATION. REPEATED OR PROLONGED 
EXPOSURE HAY CAUSE A GARLIC ODOR ON THE BREATH AND SUEATI PALLOR9 
COATED TONGlJE AND GASTROINTESTINAL DISTURBANCES. 
TOLERANCE TO THE FUMES DEVELOPS RAPIDLY I BUT IS QJJICKLY LOST ANDr 
THEREFORE1 DOES NOT HAVE ADEQUATE WARNING PROPERTIES, THE THRESHOLD 
LIHIT VALUE WAS ESTABLISHED TO BE LOW ENOUGH TO PREVENT SYSTEHIC 
TOXICITY AND MINIMIZE IRRITATION OF THE EYES AND RESPIRATORY PASSAGES. 
PERSONS-WITH A HISTQRY OF CHRONIC RESPIRATORY DISEASEv 
GASTROINTESTINAL DISTURBANCES, ALLERGIES I LIVER OR KIDNEY DISEASE OR 
RECURRENT DERtlATITIS HAY BE AT AN INCREASED RISK FROII EXPOSURE. 
ORL-RAT LDSO: 6700 HG/KG XHL-RAT LDLG: 33 PIG/KG/B HR 
INV-RAT LDJO: 6 HG/KG INV-RBT LDLO: 2500 UG/KG 

DSHA STANDARD 191Oo1200 HAZARD COHHUNICATION REQUIRES CHEHICAL 
. HANUFACTURERS AND IMPORTERS TO ASSESS THE HAZARDS OF CHEMICALS WHICH THEY - 

PRODUCE OR IHFORTv AND ALL EHPLOYERS TO PROVIDE INFORilATION TO THEIR 
EflFLOYEES CONCERNING HAZARDOUS CHEHICALS BY HEANS OF A HAZARD 
COttMUNICATIGN FROGRAtip LABELS AND OTHER FORM OF WARNING, HATERIAL SAFETY 
DATA SHEETS9 AND INFORHATION AND TRAINING. REQUIRES DISTRIBUTORS TO 
TRANSfllT RECJUIRED INFORMATION TO EHPLOYEES. 



NONE SPECIFIED 
ODORLESS I BLUISH-GRAY 9 BLACK 0. 

IC 
INCOliPATIHILITIES: 
SEND BACK AREA EXCEDED. ALKALI HETAL AHIDES: PRODUCES EXPLOSIVE PRODUCTS 
ALKALINE EARTH HETAL AllIDES: PRODUCES EXPLOSIVE PRODUCTS BARIUlI PEROXIDE: ,,1~,*1 
IGNITES AT 265 C BROMINE PENTAFLUORIDE: VIOLENT REACTION AND POSSIBLE 
IGNITION CADMILM: POSSIBLE EXPLOSION WHEN HEATED CHLORINE TRTFLUORIDE: 
REACTS VIOLENTLYI IGNITION OFTEN OCCURRING CHROJIIC ANHYDRIDE: VIOLENT 
REACTION FLUORINE: IGNITES ON CONTACT LITHIlJtl SILICIDE: INCANDESCERT 
REACTION HETAL ACETYLIDES: INCANDESCENT REACTION ON HEATING METAL 
CARBIDES: INCANDESCENT REACTION ON HEATING HETAL CHLORATES (EXCEPT 
ALKALI): INCANDESCENT REACTION IN THE PRESENCE OF WATER, HETALS: CONTACT 
OF JIANY JIETALS WITH SELENIUJI RESULTS IN INCANDESCENCE NITROGEN 
TRICHLORIDE: EXPLODES ON CGNTACT OXIDIZERS <STRONG): FIRE AND EXPLOSION 
HAZARD) PHOSPHOROUS: INCANDESCENT REACTION WHEN HEATED POTASSIUH: 
INCANDESCENCE REACTION WITH POSSIBLE EXPLOSION POTASSIUfl BROHATE: 
VIOLENTv EXPLOSIVE REACTION SILVER BROHATE: VIOLENT EXPLOSIVE REACTION 
SILVER OXIDE: IGNITXQN ON GRINDING SOD.ZtJH PEROXIDE: FORMS EXPLOSIVE 
MIXTURE TIN (POWDERED): EXTREHELY EXOTHERHICv INCANDESCENT REACTION. 

CL 
CLOTHING: 

FOLLOWING INFORHATION FROM NIOSH/OSHA ‘OCCUPATIONAL. HEALTH GUIDELINES FOR 
CHEMICAL HAZARDS’: 
EMPLOYERS SHALL PROVIDE AND ENSURE THAT EHPLOYEES USE APPROPRIATE 
PROTECTIVE CLOTHING AND EQUIPMENT NECESSARY TO PREVENT REPEATED OR 
PROLONGED SKIN CONTACT WITH THIS SUBSTANCE, FACE SHIELDS SHALL COHPLY 
WITH 29CFRl910,133(A)(2)r (A)(4)v (A)(S)r AND (A)(6), 

WEAR EYE PROTECTION TO PREVENT: 
EHPLOYERS SHALL PROVIDE AND ENSURE THAT EflPLOYEES USE DUST-RESISTANT 
SAFETY GOGGLES WHICH COHPLY WITH 29CFRl910.133~A~~2~-o(b) WHERE THIS "" 
SOLID #t&Y CONTACT THE EYES. 

EMPLOYEE SHOULD WASH: 
FOLLOWING INFORttATION FROH NIOSH/OSHA ‘OCCUPATIONAL HEALTH GUIDELINES FOR 
CHEHICAL HAZARDS’: 
EHPLOYERS SHALL ENSURE THAT EHPLOYEES WHOSE SKIN BECOHES CONTAMINATED 
WITH THIS SUBSTANCE IMHEDIATELY WASH OR SHOWER TO REHOVE ANY CONTAMINANT 
FROH THE SKIN. 

WORK CLOTHING SHOULD BE CHANGED DAILY: 
NO SPECIFIC REQUIREHENT. IF INDICATED BY THE NATURE OF THE CONTARINANT 
AND THE EXTENT OF EXPOSUREI CHANGE INTO UNCONTAKINATED CLOTHING BEFORE 
LEAVING THE WORK PREHISES, 

REMOVE CLOTHING: 
FOLLOWING INFORMATION FROfl NIOSH/OSHA 'OCCUPATIONAL HEALTH GUIDELINES FOR 
CHEHICAL HAZARDS': 
EHPLOYERS SHALL ENSURE THAT NON-IllPERVIOUS CLOTHING WHICH BECOHES 
CONTAMINATED WITH THIS SUBSTANCE BE REHOVED PROHPTLY AND NOT REWORN UNTIL 
THE SUBSTANCE IS REHOVED FROH THE (=LOTHINGe 

THE FOLLOWING EGUIPMENT SHOULD BE AVAILABLE: 
FOLLOWING INFORhtATION FROil NIOSH/OSHA ‘OCCUPATIONAL HEALTH GUIDELINES FOR 
CHEMICAL HAZARDS’: 
WHERE THERE IS ANY POSSIBILITY OF EXPOSURE OF AN EHPLOYEE’S BODY TO THIS 
SUBSTANCEs EMPLOYERS SHALL PROVIDE FACILITIES FOR QJJICK DRENCHING OF TH % 
BODY WITHIN THE IMHEDIATE WORK AREA’FOR ERERGENCY USE. 

RP 
RESPIRATOR SELECTION (UPPER LIHIT DEVICES PERHITTED): 
2 MG/H3 

- DUST AND MIST RESPIRATOR WXTH A FULL FACEPIECE 
- ~JJRFLIED-AIR RESPIRATOR 

-----‘- A@!bt%A@,,T(fS 



5 RG(SE)/M3 
- POWERED AIR-PURIFYING RESPIRATOR WITH A DUST AND HIST FILTER 
- SUPPLIED-AIR RESPIRATOR OPERATED XN CONTINUOUS FLOW RODE 

10 HG/M3 "." - AIR-PURIFYING FULL FACEPIECE RESPIRATOR WITH A HIGH-EFFICIENCY 
PARTICULATE FILTER 

- SELF-CONTAINED BREATHING’APFARATUS WITH A FJJLL FACE-PIECE 
- SUPPLIED-AIR RESPIRATOR 
WITH A FULL FACE-PIECE 

100 HG/H3 
- SUPPLIED-AIR RESPIRATOR WITH FULL FACEPIECE OPERATED IN 

PRESSURE-DEHAND OR OTHER POSITIVE PRESSURE RODE 

ESCAPE 
- AIR-PURIFYING FULL FACEPIECE RESPIRATOR WITH A HIGH-EFFICIENCY 

PARTICULATE FILTER 
- APPROPRIATE ESCAPE-TYPE SELF-CGNTAINED BREATHING APPARATUS 

FIREFIGHTING 
- SELF-CONTAINED BREATHING APPARATUS WITH A FIJLL FACE-PIECE 

OPERATED IN PRESSURE-DEHAND OR YOSITIVE-PRESSURE HODE 
- SUPPLIED-AIR RESPIRATOR WITH A FULL FACEPIECE OFERATED IN 

PRESSURE-DEHAND OR OTHER POSITIVE PRESSURE HGDE WITH AUXILIARY 
SELF-CONTAINED BREATHING APPARATUS OPERATED IN FOSITIVE PRESSURE NODE. 

MS 
HEDICAL SURVEILLANCE: 
29CFR1910.20 OSHA STANDARD SUBFART C - GENERAL SAFETY AND HEALTH 
PROVISIONS PROVIDES FOR EHPLOYEE, DESIGNATED REPRESENTATIVE, AND OSHA 
ACCESS TO EJIFLOYER-HAINTAINED EXPOSURE AND JIEDICAL RECORDS RELEVANT TO 

” EHFLOYEES EXPOSED TO TOXIC SUBSTANCES AND HARHFUL PHYSICAL AGENTS. 
J3FR38140 9/29/88 (AHENDED), 
40CFR717 RECORDS AND REPORTS OF ALLEGATIONS THAT CHEHICAL SUBSTANCES 
CAUSE SIGNIFICANT ADVERSE REACTIONS TO HEALTH OR THE ENVIRONHENT TOXIC 
SUBSTANCES CONTROL ACT (TSCA) SECTION 8(C) RULE REQUIRES HANUFACTURERS 
AND CERTAIN PROCESSORS OF CHEHICAL SUBSTANCES AND HIXTURES TO KEEP 
RECORDS OF SIGNIFICANT ADVERSE REACTIONS TO EHPLOYEE HEALTH FOR 30 
YEARS. 
FOLLOWING INFORHATION FROM NIOSH/OSHA 'OCCUPATIONAL HEALTH GUIDELINES FOR 
CHEHICAL HAZARDS’. 
GENERAL HEDICAL HISTORY. 
PHYSICIAN PRE-PLACEHENT AND ANNUAL EXAilS. 
EYE DISEASE, 
RESPIRATORY HISTORY. 
LIVER FUNCTION. 
KIDNEY FUNCTION. 
BLOOD CHEHISTRY, 
SKIN EXAH. 
URINALYSIS. 
HISTORY OF ASTHHA OR ALLERGIES. 

RE 
ROUTE OF ENTRY: 
INHALATION. SKIN ABSORPTION, INGESTION. SKIN OR EYE CONTACT. 

TO 
TARGET ORGANS: 

,, RESPIRATORY SYSTEM. EYES. SKIN. KIDNEYS. LIVER. RLOOD. 
GASTROINTESTINAL. 

. SYHP’TOHS: 
EYEv ORGAN OF SIGHT (SCO17O)i 
IRRITATION9 EXTREJ’IE REACTION TO A CONDITION (SCOO90). 
SKIN, COVERING OF BODY tSCO174)i 
IRRITATIONS EXTREME REACTION TO A CONDITION (SCOO90). 
HUCOUS JiEhtDRANEv HEHDRANE LINING PASSAGES/CAVITIES (SCOlO9); 



EXPIRATION OF AIR (SCOlSl). COUGHINGt FORCEFUL EXPIRATJ.ON (SCO173). 
HEADACHE9 PAIN IN HEAD OR CRANIUH AREA (SCOO751, DYSPNEA, DIFFICULTY IN 
BREATHING (SCOOJ2). ANOSHIAv LACKING SENSE OF SHELL (SCOOO77). EPISTAXIS 
NOSEBLEED (SCOO57). PNElJMONITIS~ LOCALIZED INFLAHHATION OF LUNG 
(SC01371 l THIRST9 DESIRE FOR WATER (SCO210). HETALLIC TASTEp TASTE 
RESEMBLING HETAL IN MOUTH (SCO216). LASSITUDE, A SENSE OF WEARINESS ,,I,. 
(SCOO98). HALAISEr UNEASINESSI DTSCOHFORT, FEELING BAD (SCO106). FEVl 
BODY TEHPERATURE A3OVE NORMAL (SCOO67). CHILLS* A SHIVERING OR SHAKING 
(SCO736). 
HUSCULAR p ORGAN RESPONSIBLE FOR MOTION (SCOllO)i 
PAINI SUFFERING9 EITHER PHYSICAL OR MENTAL (SCO1821. NAUSEAv SICKNESS AT 
THE STOMACH (SCO115). UOHITING~ PERTAINING TO NAUSEA (SCO166). SWEATING 
EXCRETING MOISTURE THROUGH THE SKIN (SCOlS6). 
EXCESSIVEv SUPERFLUOUS (SCO737); 
URINATION, DISCHARGE OF URINE FROM BODY (SCO617). DIARRHEA, UNCONTROLLED 
LOOSE BOWELS (SCOO46). PROSTRATIONs HARKED LOSS GF STRENGTH9 EXHAUSTION 
(SCO139). HALITGSIS~ OFFENSIVE BREATH (SCO3331, PALLOR9 PALENESSv AS OF 
THE SKIN (SCO122). NERVOUSNESSv STATE OF UNRESTv UNEASINESS (SCO118). 
DEPRESSIONp DECREASE IN ACTIVITY/FUNCTION (SCOO43). 
GASTROINTESTINAL, PERTAINING TO STOMACH L INTESTINE (SCOO70); 
DISTURBANCEI INTERRUPTION OF A NORHAL STATE (SCOO47). FATIGUE# 
TIREDNESSr SLUGGISH (SCOO66). IRRITABILITYI QUICK EXCITABILITY TO 
ANNOYANCE (SCOO91). ANEHIAr RED BLOOD CELLS LESS THAN NORMAL (SCOOO4). 
PULMONARYI PERTAINING TO THE RESPIRATORY TRACT (SCOSOO); 
EDEHAl FLUID RETENTION WITH SWELLLNG (Sc’O181). KIDNEY DAMAGE* INJURY TO 
THE KIDNEY (SCO220). LIVER DAMAGEI INJURY TO THE LIVER (SCO221). 
CARDIACl PERTAINING TO HEART (SCOO23); 
DAHAGEI PERMANENT INJURY (SCO2871, 
REPRODUCTIVE EFFECTSl BIRTH DEFECTS (SCO281); 
IN EXFERIKENTAL ANIHALSt (SCO212). 

FA 
FIRST AID. 

(1 OF 5) 
IF THIS CHEMICAL GETS INTO THE EYESl WASH THE EYES IHHEDIATELY WITH LARGE 
AHOUNTS OF WATER OR NORMAL SALINE, OCCASIONALLY LIFTING UPPER AND LOWER 
LIDS, UNTIL NO EVIDENCE OF CHEMICAL REHAINS (APPROXIMATELY 15-20 
HINUTES). GET JIEDICAL ATTENTION IflHEDIATELY. 

(2 OF 5) 
IF THIS CHEMICAL GETS ON THE SKIN, REHOVE CONTAtfINATED CLOTHING AND SHOES 
IMHEDIATELY. WASH AFFECTED AREA WITH SOAP OR HILD DETERGENT’AND LARGE 
AMOUNTS OF WATER UNTIL NO EVIDENCE OF CHEMICAL REMAINS (APPROXIMATELY 
15-20 MINUTES). GET HEDICAL ATTENTION IHiiEDIATELY. 

(3 OF 5) 
IF THIS CHEMICAL HAS BEEN INHALED? REtlOVE FROM EXPOSURE AREA TO FRESH AIR 
IMMEDIATELY + IF BREATHING HAS STOPPED, PERFORM ARTTFICIAL RESPIRATION, 
KEEP PERSON WARH AND AT REST. TREAT SYRPTOHATICALLY AND SUPPORTIVELY. 
GET MEDICAL ATTENTION IMHEDIATELYI 

(4 OF 5) 
SELENIUH DERIVATIVES: REMOVE INGESTED POISON BY GASTRIC L&V&GE OR EHESIS, 
FOLLOW WITH A SALINE CATHARTIC. MAINTAIN BLOOD PRESSUREI AIRWAY? AND 
GIVE OXYGEN IF VICTIM IS UNCONSCIOUS. GET MEDICAL ATTENTION IHHEDIATELY. 
(GOSSELINI CLINICAL TOXICOLOGY OF COHHERCIAL PRODUCTS9 JTH EDITION). 
ADMINISTRATION OF GASTRIC LAVAGE OR OXYGEN SHOULD BE PERFORHED BY 
QUALIFIED MEDICAL PERSONNEL. 

(S'OF 5) 
GASTRIC LAVAGE - GIVE PATIENT GLASS OF WATER PRIOR TO PASSING OF STOMACH 
TURE. LAY PATIENT QN ONE SIDE! WITH HEAD LOWER THAN WAIST. fHHO3fLIZE 
A STRUGGLING PATIENT WITH A SHEET OR BLANKET. HE&SURE DISTANCE ON TUBE 
FROM MOUTH TO EPIGASTRXUHr HARK TUBE WITH INDELIBLE HARKING OR TAPE. 
RCMnuc ncuTiImrc sun nfucm rnerrrru na ICPTC rlmb4 Tur Mfi11711, IWFM MnlltU. 
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~” TONGUE AND TOWARD BACK OF THROAT iJIiHit?‘EXTEtiBING HEAD OR NECK IF 
OBSTRUCTION IS HET BEFORE THE JIARK ON TUBE REACHES LEVELS OF THE TEETHl 
DO NOT FORCEI BUT REMOVE TUBE AND REPEAT PROCEDURE UNTIL TUBE BASSES TO 
JIARK. PLACE END OF TUBE IN GLASS OF WATER. IF TUBE IS OBSTRUCTED WHEN 
INTRODUCED ABOUT HALFWAY TO THE MARK* IT MAY HAVE ENTERED TRACHEA,, AFTER 
TUBE IS PLACED IN STOtiACHv ASPIRATE FIRST TO REMOVE STOHACH CONTENTS BY 
IRRIGATION SYRINGE, SAVE STOMACH CONTENTS FOR EXAJiIkATIGN~ AND REPEAT 
INTRODUCTION AND WITHDRAWL OF 100-300 ilL WARH WATER UNTIL AT L’EAST 3 
LITERS OF CLEAR RETURN ARE OBTAINED. USE ACTIVATED CHARCOAL AT BEGINNING 
OF LAUAGE TO AID IN POISON INACTIUATION. LEAVE 50 GRAHS OF CHARCOAL 
SUSPENDED IN WATER IN THE STOHACH, IF INTRODUCTIGN AND REIIOUAL OF LAUAGE 
FLUID BY GRAVITY REQUIRES HORE THAN FIVE HINUTESI ASSIST WITH AGEPTO 
SYRINGE, PREVENT ASPIRATION WITH CUFFED ENDOTRACHEAL TURE, AUOID GIVING 
LARGE QUANTITIES OF WATER. IF PATIENT-COHATOSE, INTUBATE TRACHEA WITH 
CUFFED ENDOTRACHEAL TUBE. SUCCINYLCHLORINE HAY BE ADWLNXSTERED BY 
QUALIFIED MEDICAL PERSONNEL TO EASE INSERTION OF TRACHEAL CATHETER PRIOR 
TO PASSAGE OF STOHACH TUBE. PROCEDURE fllJST BE PERFORHED BY QUALIFIED 
JIEDICAL PERSONNEL. (DREISBACH, HANDBOOK OF POISONINGl 12TH ED.). 

DT 
SPECIAL DIAGNOSTIC TESTS AND INDEXES OF EXPOSURE: ’ 
URINE SELENIUb! AS EXPOSURE INDEX. 
DIFFERENTIAL WHITE BLOOD CELL COUNT. 

RS 
REGULATORY STATUS. 

(1 OF 42) 
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PO96 THE REQUEST YOU HADE WAS AGAINST A ZERO RESULT LIST: PLEASE TRY AGAIN.,: 

PO96 THE REQUEST YOU MADE WAS AGAINST A ZERO RESULT LIST. PLEASE TRY AGAIN.,: 

1 
ACCESSION NUHBER: 

CN CHEflICAL NAflE: 
2799. 9205. 

SILVER. 
SY SYNONYM: ARGENTUM. C.1. 77820. L-3. SHELL SILVER. SILVER ATOtl. 

SILUERl nETAL. SILFLAKE 135. U 9. SILVER HETAlc SR 999. 
RN CAS NUMBER: 7440-22-4. 

REG. TOXIC NUtlEER: uw3500000. 

CHEMICAL FORKLILA: AG. 
PD 

PHYSICAL DESCRIPTION: 
SOFTr DUCTILE, LUSTROUS WHITE SOLID. 

flOL WT: 
BOILING PT: 
SOLUBILITY: 
FLASH PT: 
UAF’OR PRES: 
MELT PT: 
UEL IN AIR: 
LEL IN AIR: 
MEC IN AIR: 
SF'EC GRAVITY: 
VAPOR DENSITY: 

107.9 
4014 F 
INSOLUBLE 
INCOHBUSTABLE 

.NEGLIGIBLE 
1763 F 
INCOIIBUSTABLE 
INCOHBUSTABLE 

10.5 

ODOR THRESHOLD: 
OCTANOL/WATER CO-EFFICIENT:. 

. 

PERHISSABLE EXPOSURE: 
0.01 KG/t43 OSHA TWA 
0.1 HG/H3 ACGIH TWA (DUSTI FUHE) 
0.01 KG/M3 NIOSH RECOMENDED 10 HR TWA 
CERCLA HAZARD RATING3 - TOXICITY 3 - IGNITABILITY 0 - REACTIVITY 0 - 
PERSISTENCE 3 
TOXICOLOGY: SILVER IS AN EYE AND MJCOUS MEJ’IBRANE IRRITANT AND PRIfiARY 
SKIN IRRITANT, 
ACUTE INGESTION OF SOLUBLE SILVER COHPOUNDS CAUSES ORAL PAIN? IIUCOUS 
HEilBRANE PIGKENTATION, SALIUATIGNt BLACK UOHITUSt DIARRHEA* ANURIA, 
COLLAPSE AND SHOCK. TERHINAL SIGNS ARE CDNUULSXONS OR COMA. 
CHRONIC SKIN CONTACT WILL RESULT IN ARGYRIA, 
THE THRESHOLD LIMIT VALUE WAS SET TO PREVENT ARGYRIA. 

OSHA STANDARD 1910~1200 HAZARD COt'iHUNICATION REQUIRES CHEHICAL 
HANUFACTURERS AND IHPORTERS TO ASSESS THE HAZARDS OF CHEMICALS WHICH THEY 
PRODUCE OR IHPORTt AND ALL EMPLOYERS TO PROVIDE INFORWATION TO THEIR 
EMPLOYEES CONCERNING HAZARDOUS CHEMICALS BY KEANS OF A HAZARD 
COilMUNICATION PROGRAHr LABELS AND OTHER FORKS OF WARNINGr HATERIAL SAFETY 
DATA SHEETSv AND INFORMATION AND TRAINING. REQUIRES DISTRIBUTORS TO 
TRANSMIT REQUIRED INFORMATION TO EHPLOYEES. 

DANGEROIJS EXPOSURE: 
NOT REQUIRED 

SOFT* DUCTILEI LUSTROUS WHITE. 
4c 

INiOMPATIBILITIES: 
, 

ACETYLENE GAS. AKHONIAI HYDROGEN. PEROXIDES. HETAL IN POWDERED FORM 
IS EXPLOSIVE. 

CL 
CLOTHING: 

c-l * -*IT.Ic r~~f-nr.u~.~rn~~ rmnhi urncu/ncua '~~~!IIPATIoNAL HEALTH GUIDELINES FOR 



-“*.L.,*“I.LI .I.. -,...rr.s . 

EMPLOYERS SHALL PROVIDE AND ENSURE THAT EMPLOYEES USE APPROPRIATE 
PROTECTIVE CLOTHING AND EQUIPMENT NECESSARY TO PREVENT SKIN CONTACT WITH 
THIS SUBSTANCE WHERE SKIN CQNTACT MAY OCCUR. FACE SHIELDS SHALL COMPLY 
WITH 29CFR1910,133(A)(2)~ tA)t4)r (A)(S), AND (A)(6). 
EMPLOYERS SHALL ENSURE THAT CLOTHING CONTAMINATED WITH THIS SUBSTANCE IS 
PLACED IN CLOSED CONTAINERS FOR STORAGE UNTIL IT CAN BE DISCARDED OR 
UNTIL THE EMPLOYER PROUlDES FOR THE REMOVAL OF THE CONTAMINANT FROM THE 
CLOTHING. IF THE CLOTHING IS TO BE LAlJNDERED OR OTHERWISE CLEANED TO 
REMOVE THE CONTAMINANTr THE EMPLOYER SHALL INFORM THE PERSON PERFORMING 
THE CLEANING OF THE HAZARDOUS PROPERTIES OF THE SUBSTANCE. 

WEAR EYE PROTECTION TO PREUENT: 
FOLLOWING INFORMATION FROM NIOSH/OSHA ‘OCCUPATIONAL HEALTH GUIDELINES FOR 
CHEMICAL HAZARDS’ : 
EMPLOYERS SHALL PROVIDE AND ENSURE THAT EMPLOYEES USE DUST-RESISTANT 
SAFETY GOGGLES WHICH COMPLY WITH 29CFR1910.133(A)(2)-(A~~6) WHERE THERE 
IS ANY POSSIBILITY OF THIS SOLID CONTACTING THE EYES. 

EMPLOYEE SHOULD WASH: I.. 
FOLLOWING INFORMATION FROM NIOSH/OSHA ‘OCCUPATIONAL HEALTH GUIDELINES FOR 
CHEMICAL HAZARDS’: 
EMPLOYERS SHALL ENSURE THAT EMPLOYEES WHOSE SKIN BECOMES CONTAMINATED 
WITH THIS SUBSTANCE PROMPTLY WASH OR SHOWER TO REMOVE ANY CONTAMINANT 
FROM THE SKIN. 
EMYLOYERS SHALL ENSURE THAT EMPLOYEES WHO-HANDLE THIS SUBSTANCE WASH 
THEIR HANDS THOROUGHLY BEFORE EATING* SMOKINGr OR USING TOILET 
FACILITIES. 

WORK CLOTHING SHOULD BE CHANGED DAILY: 
FOLLOWING INFORMATION FROM NIOSH/GSHA ‘OCCUPATIONAL HEALTH GUIDELINES FOR . CHEMICAL HAZARDS’ : 
EMPLOYERS SHALL ENSURE THAT EMFLOYEES WHOSE CLOTHING MAY HAVE BECOME 
CONTAMINATED WITH THIS SUBSTANCE CHANGE INTO UNCONTAMINATED CLOTHING 
BEFORE LEAVING THE WORK PREMISES. 

REMOVE CLOTHING: 
FOLLOWING INFORMATION FROM NIOSH/OSHA ‘QCCUPATIONAL HEALTH GUIDELINES FOR 
CHEMICAL HAZARDS’: 
EMPLOYERS SHALL ENSURE THAT NON-IMPERVIOUS CLOTHING WHICH BECOMES 
CONTAMINATED WITH THIS SUBSTANCE BE REMOVED PROMPTLY AND NOT REWORN UNTIL 
THE SUBSTANCE IS REMOVED FROM THE CLOTHING. 

THE FOLLOWING EQUIPHENT SHOULD BE AVAILABLE: 
FOLLOWING INFORMATION FROM NIOSH/OSHA ‘UCCUPATIONAL HEALTH GUIDELINES FOR 
CHEMICAL HAZARDS’: 
EMPLOYERS SHALL ENSURE THAT EMPLOYEES DO NOT EAT OR SMOKE IN AREAS WHERE 
THIS SUBSTANCE tS HANDLED8 PROCESSED OR STORED. 

RP 
RESPIRATOR SELECTION (UPPER LIMIT DEVICES PERMITTED): 
0.25 MG(AG)/M3 

- SUPPLIED-AIR RESPIRATOR OPERATED IN CONTINWOUS FLOW MODE 
- POWERED AIR-PURIFYING RESPIRATOR WITH A HIGH-EFFICIENCY 

PARTICULATE FILTER 

0.5 MG(AG)/M3 
- AIR-PURIFYING FULL FACEPIECE RESPIRATOR WITH A HIGH-EFFICIENCY 

PARTICULATE FILTER 
- SELF-CONTAINED BREATHING APPARATUS WITH A .FIJLL FACE-PIECE 

. . - SUPPLIED-AIR RESPIRATOR 
WITH A FULL FACE-PIECE 

20 HG(AG)/H3 
- SUPPLIED-AIR RESPIRATOR WITH FULL FACEPIECE OPERATED IN 

PRESSURE-DEMAND OR OTHER POSITIVE PRESSURE MODE 



-- -_ - 
- AIR-PURIFYING FULL FACEPIECE RESPIRATOR WITH A HIGH-EFFICIENCY 

PARTICULATE FILTER 
- APPROPRIATE ESCAPE-TYPE SELF-CONTAINED BREATHING APPARATUS 

FIREFIGHTING 
- SELF-CONTAINED BREATHING APPARATUS WITH A FULL FACE-PIECE 

OPERATED IN PRESSURE-DEMAND OR POSITIVE-PRESSURE MQDE. 
MS 

MEDICAL SURVEILLANCE: 
GENERAL MEDICAL HISTORY. 
RESPIRATORY HISTORY. 
PHYSICIAN PRE-PLACEflENT AND ANNUAL EXAMS. 
NASAL SEPTUM, 
VISION TEST, 
EYE DISEASE. 
SKIN EXAM. 
SPECIAL ATTENTION TO SKIN. 
SKIN EXAMINATION FQR EVIDENCE OF PIGMENTATION. 
40CFR717 RECORDS AND REPORTS OF ALLEGBTIONS THAT CHEMICAL SUBSTANCES 
CAUSE SIGNIFICANT ADVERSE REACTIONS TO HEALTH OR THE ENVIRONMENT TOXIC 
SUBSTANCES CONTROL ACT (TSCA) SECTION 8(C) RULE REQUIRES MANUFACTURERS 
AND CERTAIN PROCESSORS OF CHEMICAL SUBSTANCES AND MIXTURES TO KEEP 
RECORDS OF SIGNIFICANT ADVERSE REACTIONS TO EMPLOYEE HEALTH FOR 30 
YEARS. 
PERICDIC EXAM FOLLOWING EXPOSURE. 
EKG RECOMMENDED IF EMPLOYEE TO WEAR FULL-FACE RESPIRATOR. 
ACGIH BIOLOGICAL EXPOSURE INDICIES FOR METHEMOGLOBIN INDUCERS: 1.5% OF 
HEMOGLOBIN METHEMOGLOBIN IN BLOOD / TIMING -DURING OR END OF SHIFT. 
29CFR1910.20 OSHA STANDARD SUBPART C - GENERAL SAFETY AND HEALTH 
PROVISIONS PROVIDES FOR EMPLOYEEI DESIGNATED REPRESENTATIVEI AND OSHA 
ACCESS TO EMPLOYER-MAINTAINED EXPOSIJRE AND MEDICAL RECORDS RELhUANT TO 
EMPLOYEES EXPOSED TO TOXIC SUBSTANCES AND HARMFUL PHYSICAL AGENTS. - 
53FR38140 9/29/88’ (AME:NDED) l 

RE 
ROUTE OF ENTRY: 
INHALATION. INGESTION, SKIN OR EYE CONTACT. 

TO 
TARGET ORGANS: 
EYES. SKIN, NASAL SEPTUM. 1 

SF 
SYMPTOMS: 
CYANOSISv DARK BLUE/PURPLE SKIN COLOR tSCOO38). THIRSTI DESIRE FOR WATER 
(SCO210). SKIN BURNS 11 INJURY OF SKIN CAUSED BY HEAT tSCO176). 
EYEI ORGAN OF SIGHT tSCO17O)i 
BURNSt TISSUE DAMAGE FROM HEAT (SCO175). GASTRQENTERITISv STOMACH AND 
INTESTINAL INFLAMMATION (SCO551). SHOCK9 SlJDDEN PHYSICAL OR MENTAL 
DISTURBANCE(SC02281, CHEMGSISr EDEMA OF CONJUNCTIUA AROUND CORNEA 
(SCO450) l ARGYRIA, BLUISH OR BLACK SKIN DISCOLORATION (SCOS52). 

FA 
FIRST AID. 

(1 OF 6) 
IF THIS CHEMICAL GETS INTO THE EYESv WASH THE EYES IMMEDIATELY WITH LARGE 
AMOUNTS OF WATER OR NGRMAL SALINE? OCCASIONALLY LIFTING UPPER AND LOWER 
LIDS9 UNTIL NO EVIDENCE OF CHEMICAL REMAINS (APPROXIMATELY 15-20 
MINUTES). GET MEDICAL ATTENTIGN IMMEDIATELY. 

(2 OF 6) 
IF..THIS CHEMICAL GETS ON THE SKIN*- REMOVE CONTAMINATED CLOTHING AND SHOES 
IMMEDTATELY, WASH AFFECTED AREA WITH SOAP GR MILD DETERGENT AND LARGE 
AMOUNTS OF WATER UNTIL NO EVIDENCE OF CHEMICAL REMAINS (APPROXIMATELY 
15-20 MINUTES). GET MEDICAL ATTENTION IMMEDIATELY. 

(3 OF 6) 
tr -l-“TC rUFUTPnl U&S RFFN TNHAI FTI I REMOVE FROM EXPOStJRE AREA TO FRESH AIR 
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KEEP PERSON WARfl AND AT REST. TREAT SYMPTOMATICALLY ANIt SUPPORTIVELY. 
GET HEDICAL ATTENTION :IMHEDIATELY. 

(4 OF 6) 
INGESTED SILVER SALTS: EHERGENCY TREATMENT - DILUTE WITH WATER CONTAINING 
SODIIJM CHLORIDE9 10 GRAHS/LITER, REPEATEDLY TO PRECIPITATE SILVER ION. 
FOLLOW WITH CATHARSIS !JSING 30-60 HL FLEET’S PHOSPHGSODA DILUTED 1:4 IN 
WATER CONTAINING 5 GRA14S SODIUH CHLORIDE TO PRECIPITATE AND REtlOVE SXLUEh 
FRGtl INTESTINES. TREAT SHOCK AND flETHEtlOGLOBINEMIA. FURTHER TREATMENT 
- GIVE HILK TO REDUCE GASTRIC IRRITATION. GIVE HEPERIDINE? 100 MGr OR 
CODEINE9 60 HGI TO RELItEVE FAIN. (HEDICATION HUST BE GfUEN BY QUALIFIED 
tiEDICAL PERSONNEL) (DRIEISBACHr HANDBOOK OF POISONINGt 1lTH ED,), 

(5 OF 6) 
CIRCULATORY FAILURE/SHOCK - PLACE PATIENT IN SUPINE POSITION WITH FEET 
ELEVATED. ESTABLISH AND HAINTAIN AN ADEQUATE AIRWAY. MAINTAIN BODY 
WARHTH BY APPLICATION OF BLANKETSr BUT DO NOT APPLY EXTERNAL HEAT, 
RELIEVE PAIN WITH MORPMINE SULFATE? 10 tIG/70 KG SUBCUTANEOUSLY OR 
INTRAVENOUSLY9 FOR OTHERWISE UNCONTROLLABLE PAIN. DO NOT GIVE tlORPHINE 
TO UNCONSCIOUS OR STUPOROUS PATIENTS. PATIENTS WITH DEPRESSED 
RESPIRATION SHOULD NOT BE GIVEN HORPHINE UNLESS PERSONNEL AND EQUIPMENT 
TO HAINTAIN RESPIRATION ARE IMNEDIATELY AVAILABLE, RESTORE AND HAINTAIN 
ADEQUATE BLOOD VOLUHE. PROCEDURE flUST PERFORtlED BY QUALIFIED tlEDICAL 
PERSONNEL. (DREISBACH, HANDBOOK OF POISONINGlr 12TH ED,), 

(6 OF 6) 
flETHE~OGLOBINEMIA: (WHEN tlETHEMOGLOBIN CONCENTRATION IS OVER 2J-4OZ OR IN 
THE PRESENCE OF SYHFTOMS). GIVE KETHYLENE BLUE9 1% SOLUTLONr 0.1 flL/KG 
INTRAVENOUSLY OVER A 10 HINUTE PERIOD.. CYANOSIS IIAY DISAPPEAR WITHIN 
HINUTES OR PERSIST LONGER DEFENDING ON DEGREE OF HETHEHOGLORINEilIA. 
INTRAVENOUS ADMINISTRATION OF THERAPEUTIC DOSES OF HETHYLENE BLUE HAY 
CAUSE A RISE IN BLOOD PRESSURE, NAUSEAp AND DIZZINESS. LARGER DOSES 
(>500 HG) CAUSE VOMITING9 DIARRHEA? CHEST PAIN* HENTAL CONFUSION, 
CYANOSISI AND SWEATING. HEflOLYTIC ANEtlIA HAS ALSO OCCURRED SEVERAL DAYS 
AFTER ADMINISTRATIONI THESE EFFECTS ARE TEHFORARY, AND FATALITIES HAVE 
NOT BEEN REFORTED. IF HETHYLENE BLUE IS NOT AVAILABLEv GIVE ASCORBIC 
ACIDI 1 GRAM SLOWLY INTRAVENOUSLY 4 UITHOUT TREATKENT* METHEJIOGLOBINEMIA 
LEVELS OF 20-30X REVERT TO NORMAL WITHIN 3 DAYS, (DREISBACHf HANDBOOK OF 
POISONINGI 12TH ED,). ANTIDOTE SHOULD BE ADMINISTERD BY QUALIFIED 
HEDICAL PERSONNEL. 

DT 
SPECIAL DIAGNOSTIC TESTS AND INDEXES OF EXPOSURE: 
NONE IN COhWON USE, 

RS 
REGULATORY STATUS. 

(1 OF 320 HAZARD COMilUNICATION REQUIRES CHEHICAL 
ENTER DOCUMENT SELECTION.,: 7440-39-3 

PO02 INVALID.,, ENTER DOCUHENT SELECTION (DOC=).,: 

1 
AN ACCESSION NUtlBER: 2799. 9205 . 
CN CHEMICAL NAHE: SILVER. 
SY SYNONYHS: ARGENTUM. C.I. 77820. L-3. SHELL SlLUER. SILVER ATOtl. 

SILVER, KETAL. SILFLAIKE 135. V 9. SILVER HETAL, SR 999. 
RN CAS NUMBER: 74140-22-4. 

. REG'; TOXIC NUHBER: vW3500000. 

CHEMICAL FORMULA: AG . 
PD 

PHYSICAL DESCRIPTION: 
enI?*- fll,PTIl c- # ,lCtPnl IC I.IUT~C cnl th 



APPENDIX B 
TO HEALTH AND SAFETY PLAN 

RESPIIRATORY PROTECTION PROGRAM 



EPA ID No. IN5 170 023 498 
NAVSURFWARCENDIV RA WP 
July 1995 

CLEAN CT0 #0076 
FINAL 

RESPIRATORY PROTECTION PROGRAM FOR 
NAVAL SURFACE WARFARE CENTER CRANE DIVISION 

CRANE, INDIANA 

The following respirator program is in accordance with OSHA 29 CFR 1910.134 
Respiratory Protection Program requirements,, These govern the selection and use of 
respirators on the sites. _d 

Respirators for the Rust E&l field sampling team will be provided by RUST E&l. The 
respirator protection program will be administered by, and is the responsibility of the 
Corporate Health and Safety Manager (CHSM) and/or Site Safety OIFifie=er (SSO) for the 
site. Subcontractors, if any, will furnish their own respirators and medical surveillance for 
their employees. The CHSM and/or SSO will be responsible for determining if they are in 
compliance with this respirator program before work begins. 

The respirators will be selected according to the hazard and level of proteection determined 
by air monitoring, action levels, and the decision of the CHSM and/or the SSO. The 
respirators and levels are: 

m Respirator 

The determination of level will be based on air monitoring results 
using a PID and/or OVA. 

B Positive Pressure-Pressure Demand SC&A or Suppl’ied Air Respirator 
with 5 minute escape bottle. Level B is 5 to 250 ppm above 
background in breathing zone (BZ). 

C Full-face air purifying respirator with combination dust (HEPA) and 
organic vapor/acid gas cartridge. Level C is 1 ppm to 5 ppm above 
background in BZ. The full facepiece respirator with combination dust 
and organic vapor/acid gas cartridge will be appropriate for the dust 
conditions and organics that may be encountered. 

D No respirator required. Level D is 1 ppm above background (typically 
0.2 ppm) in the worker’s BZ. 

The respirator users will be fit-tested with the size, style, and make of the respirator they 
will be using on-site. The fit-test will be recorded and these Fit-Test Records will be 
maintained at the Command Post. 

B-l 



CLEAN CT0 #0076 EPA ID No. IN5 170 023 498 
FINAL ’ NAVSURFWARCENDIV RAWP 

July 1995 

Employee respirator training is provided on an annual basis or at six-month intervals for 
those working with asbestos and at site-specific training sessionis. This training includes: 

l A discussion of the nature of the respiratory hazards and the dantgers if the 
respirator is not used properly. 

. The reasons that respirators are required for protection, along1 with any 
engineering controls that may be used. 

. Instruction in the selection, use, sanitary care, maintenance, proper storage, 
and limitation of the full facepiece respirator with combination cartridge. 

. Practice in proper fitting, wearing, adjusting, and checking the face seal of a 
respirator. 

l An opportunity to handle the respirator. 

. Instruction on how to recognize and cope with emergency situations requiring 
respiratory protection. 

. Explanation of the medical surveillance program and how it relates to 
respirator use. 

. Explanation of the requirements for maintaining a tight seal, why lbeard and 
facial hair, chewing gum, or tobacco or smoking is prohibited, and why use of 
contact lenses while wearing respirators is prohibited. 

Respirators will be assigned to individual workers. Each individual shall be responsible for 
cleaning and maintaining their assigned respirator. They will be cleaned and disinfected 
before being reassigned. Respirators will be cleaned after each day of work according to 
manufacturer’s instruction or more frequently as needed. The cleaning will be done at the 
Command Post. Used cartridges will be properly disposed of and replaced with new ones. 

After cleaning, the respirators will be inspected and checked for defects such as excessive 
dirt, cracks or other distortions, scratches, incorrectly mounted lens, broken or worn 
cartridge holders on the facepiece, breaks, loss of elasticity, broken buckles, and 
excessively worn serrations on head harness that may cause slippage on the headstraps 
or head harness. 

Further checks include: 

. A check of the tightness of the connections. 

. A check of the facepiece, valves, connecting 

B-2 

tube, and canisters. 



CLEAN CT0 #0076 
FINAL 

EPA ID No. IN5 170 023 498 
NAVSURFWARCENDIV RAW 
July 1995 

. For air purifying: 

- Check the exhalation valve after removing its cover for: 

-- Foreign material, such as detergent residue, dust particles, olr human 
hair under the valve seat. 

-- Cracks, tears, or distortion in the valve material. 

-- Improper insertion of the valve body in the facepiece. .* 

-- Cracks, breaks, or chips in the valve body, particularly in the sealing 
surface. 

-- Missing or defective valve cover. 

-- Improper installation of the valve in the valve body. 

Check the air purifying elements for: 

-- Incorrect cartridges, canister, or filter for the hazard. 

-- Incorrect installation, loose connections, missing or worn gaskets, or 
cross threading in holder. 

-- Expired shelf life of cartridge or canister. 

-- Cracks, dents, or breaks in the cartridge or canisters case. 

-- Evidence of prior use of cartridge or canister, such as broken seal 
tape foil or other sealing material. 

- Check the breathing tube on supplied air units for: 

-- Broken or missing end connectors, gaskets, or O-rings. 

-- Missing or loose hose clamp. 

-- Deterioration (done by stretching hose and looking for cracks). 

Air monitoring of the work zone will be performed and the results will be used to select the 
appropriate level of protection. Refer to the air monitoring section of the Health and Safety 
Plan (HASP, Section 9.0). 

B-3 
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The respiratory protection program will be re-evaluated and revisions and updates added 
regularly. 

Persons will not be assigned to tasks requiring the use of respirators unless it has been 
determined by a physician that they are physically able to perform the work and use the 
equipment. Rust E&l personnel will be examined by the Rust E&l contracted physician 
who will determine what health and physical conditions are pertinent. 

Only those respirators jointly approved by NIOSHIMSHA shall be used. All component 
parts (i.e., canister, replacement straps, etc.) will be of the same manufacturer. .- 

D:\CT07601\HASP1WPPENDIX.B 

B-4 



APPENDIX C 
TO HEALTH AND SAFETY PLAN 

HEALTH AND SAFEN FIELD MODIFICATION FORM 



Health and Safety Plan 
Field Modification Form 

Proiecr 

Page No. of - 

Project Location: 

Project No.: 

Site Safety Officer: 

Field Modification To HASP: 

Prepared By: 

Accepted By: 

Accepted By: 

Approved By: 

Site Safety Officer 

RUST Environment & Infrastructure Field Manager 

Contractor Representative (If Applicable) 

RUST Environment & Infrastructure Regional Health and Safety Specialist 
or Alternate HASP Reviewer 

Date 

Date 

Date 

Date 

NOTE: Field Modifications to HASP’s must be discussed with the RUST Environment & Infrastructure RHSS or 
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1 .O PROJECT DESCRIPTION 

This Risk Assessment Work Plan (RA WP) Quality Assurance Project Plan (QAPP) is 
submitted to the Southern Division, Naval Facilities Engineering Command in response to 
Contract Task Order (CTO) No. 0076 under Comprehensive Long-Term Environmental 
Action Navy (CLEAN) Prime Contract No. N62472-90-D-1298 and Subcontract 
No. GCPP-91-001-1298. 

The purpose of the RA WP is to identify the activities associated with performing a baseline 
risk assessment to address the human health and ecological impacts of past, present, and 
expected waste explosive open burning activities at Solid Waste Management Units 
(SWMU) #03/10 (Ammunition Burning Ground), and #07/09 (Old Rifle Range), and 
detonation activities at SWMU #06/09 (Demolition Range) at the Naval Surface Warfare 
Center, Crane Division, Crane, Indiana (NAVSURFWARCENDIV). It should be noted that 
the Ammunition Burning Ground (ABG) includes an area known as the “Jeep Trail.” The 
Jeep Trail is located approximately one-half mile southeast of the ABG. This RA WP 
QAPP identifies the sampling and analytical activities associated with gathering the 
additional information necessary to perform the baseline risk assessment. It should be 
noted that air emission and air dispersion modeling results to be generated by CLEAN 
CT0 Nos. 0052 and 0108 will be needed to perform the baseline risk assessment in order 
to address impacts caused by inhalation and deposition of airborne contaminants resulting 
from the open burning and detonation activities. 

The NAVSURFWARCENDIV is located approximately 75 miles southwest of Indianapolis 
in south central Indiana and encompasses 63,000 acres in Martin County. The location 
of the NAVSURFWARCENDIV is shown on Figure l-l. 

1.1 RISK ASSESSMENT WORK PLAN OBJECTIVES 

The primary objectives of this project are to identify the activities associated with 
performing a baseline risk assessment for soils, air, groundwater, and surface 
water/sediment at the ABG, Demolition Range (DR), and Old Rifle Range (ORR), and to 
prepare a Sampling and Analysis Plan (SAP) that describes how additional information 
necessary to perform the baseline risk assessment will be collected. The baseline risk 
assessment will address the human health and ecological impacts of the ABG, DR, and 
ORR in accordance with the requirements of 40 CFR Part 264 Subpart X, the Resource 
Conservation and Recovery Act (RCRA) Corrective Action requirements for ABG, DR, and 

l-l 
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ORR identified in NAVSURFWARCENDlV’s RCRA Part B permit, and the December 1989 
Risk Assessment Guidance for Superfund (RAGS). 

1.2 SAMPLING APPROACH AND OBJECTIVES 

Based upon potential primary contaminant sources and potential contaminant migration 
pathways and impacts presented in Section 4.0 of the Work Plan for each1 SWMU, 
sampling needs specific to risk assessment within each SWMU have been identified. 
Samples to be collected as part of the risk assessment are presented in Section 4.0 of the 
Work Plan and summarized in Table l-l. Section 4.0 of the Work Plan identifies, by 
medium, the numbers and locations of samples to be collected, analytical parameters, and 
the rationale for sample collection. Sampling locations for each media at the respective 
SWMUs are depicted on figures in Section 4.0 of the Work Plan. 

The risk assessment investigative approach focuses on contaminant source 
characterization and the corresponding media impacts as indicated in Section 4.0 of the 
Work Plan. The nature and extent of hazardous waste or constituents and their 
concentrations in the respective media serve as the basis for evaluating human health and 
ecological risk with regard to the exposure scenarios depicted in the Work Plan. The risk 
assessment investigative approach incorporates the results of previous’ SWMU 
investigations completed as part of the federal portion of the RCRA Permit for 
NAVSURFWARCENDIV. Additionally, the objective of the risk assessment is to satisfy the 
requirements of 40 CFR Part 264 Subpart X, and comply with recommendations in the 
RAGS (December 1989) and the Corrective Action requirements as identified in the site’s 
RCRA Part B permit. 

The summary tables in Section 4.0 of the Work Plan also reflect a sampling approach 
involving selection of sample locations based on data needs identified from previous 
investigations. Both composite and grab samples will be collected for most media. Grab 
samples are targeted at potential contaminant hot spots, coincident with areas displaying 
observable impacts (i.e., soil staining) or within those areas considered most likely 
impacted based on past or present operations (i.e., sumps). Composite samples will be 
collected in conjunction with potential primary sources in an attempt to provide adequate 
source characterization, yet reduce the total number of samples. Subsamples are targeted 
at the perimeters of potential primary sources (i.e. burn pans, surface impoundments). 
Limited grid sampling will be conducted for less well defined potentially impacted areas 
(i.e., Army detonation area of the Demolition Range). Sampling procedures, eqjuipment, 
decontamination, and documentation will be consistent for each of the three SVVMUs. 

l-2 
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TABLE 1-l 

SAMPLING AND ANALYSIS SUMMARY 
SWMUS #03/10, #06/09, #07/09 

Field Laboratory EPA Field Field QC(1) 
LocationlMatrixmParameten ln&aSlsamDlesBBSBIdl 

SWTvlU #63/10 - AMMUNITION BURNING GROUND (and Old Jeep Trail) 

Sediment 

Tissue 

Soil svoc 
Metals 
Cyanide 
Explosives 
DioxinlFuran 

Surface Water Temp., PH, 
Specific 
Conductance 

voc 
svoc 
Metals@) 
Cyanide 
Explosives 
COD 
TDS 
Sulfate 
Chloride 
Alkalinity 
NO,+NO, 

voc 
svoc 
Metals 
Cyanide 
Explosives 
NO,+NO, 

voc 
svoc 
Metals 
Cyanide 
Explosives 
NO,+NO, 

Groundwater Temp., PH, 
Specific 
Conductance 

voc 
svoc 
Metals(3) 

IV 
IV 
IV 
III 
Ill 

I 

IV 
IV 
IV 
IV 
III 
III 
Ill 
Ill 
Ill 
Ill 
III 

IV 
IV 
IV 
IV 
Ill 
III 

IV 
IV 
IV 
IV 
III 
Ill 

I 

IV 
IV 
IV 

10 

10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

25 
25 
25 
25 
25 
25 

6 

6 
6 
6 

1 -- -- 
1 -- -- 
1 -- -- 
1 - -- 
1 1 -- 

_- __ -- 

_- 1 2 
-- 1 -- 
-- 1 __ 
-- 1 _- 
-- 1 _- 
-- 1 _- 
- 1 -- 
- 1 -- 
_- 1 __ 
_- 1 -- 
-- 1 _- 

1 -- 1 
1 - - 
1 -_ -- 
1 -- -- 
1 -- -- 
1 -- -- 

I I 2 
I - - 
-- -- - 
- - _- 
*- ..- -_ 
-- -_ -- 

-- -- -- 

1 1 1 
1 1 -- 
1 1 -- 

ED 

1 
1 
1 
1 
1 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1 
1 
1 
1 
1 
1 

3 
3 
3 
3 
3 
3 

1 
1 
1 

No. of Laboratory QCF 

-- 

14 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 

30 
28 
28 
28 
28 
28 

-- 

10 
9 
9 

-- 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
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TABLE l-l (Continued) 

SAMPLING AND ANALYSIS SUMMARY 
SWMUS #03/10,#06/09,#07/09 

Field Laboratory EPA Field Field QC(1) 
--Parameters lsda!asamalesmEB~fB .I 

SWMU #O3/10 - AMMUNITION BURNING GROUND (and Old Jeep Trail) (Continued) 

Groundwater 
(Continued) 

Cyanide 
Explosives 
COD 
TDS 
Sulfate 
Chloride 
Alkalinity 
NO,,+NO, 

SWMU #OB/OQ - DEMOLITION RANGE 

Soil svoc 
Metals 
Cyanide 
Explosives 
DioxinlFuran 

Surface Water Temp., pl-6 
Specific 
Conductance 

voc 
SVOC 
Metals@) 
Cyanide 
Explosives 
Alkalinity 
COD 
TDS 
Chloride 
Sulfate 
NO,+NO, 

Sediment voc 
svoc 
Metals 
Cyanide 
Explosives 
NO,+NO, 

IV 
Ill 
III 
Ill 
Ill 
III 
III 
III 

IV 
IV 
IV 
Ill 
Ill 

I 

IV 
IV 
IV 
IV 
III 
III 
III 
III 
III 
III 
III 

IV 
IV 
IV 
IV 
III 
III 

14 
14 
14 
14 
3 

4 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

4 
4 
4 
4 
4 
4 

1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 

2 -- 
2 -- 
2 -- 
2 _- 
1 -- 

- _- 

_- “_ 
_” - 
-- -w 
-_ - 
-- - 
-- -- 
-- -- 
-” __ 
-- -- 
-_ -- 
-- -- 

-- -- 
-- -_ 
-- - 
-- - 
-_ -- 
-- __ 

__ 1 
-- 1 
- 1 
- 1 
_- 1 
-- 1 
- 1 
- 1 

- 2 
__ 2 
_- 2 
-- 2 
__ -- 

-- -- 

1 1 
-.. 1 
-- 1 
-- 1 
“_ 1 
_” 1 
“_ 1 
- 1 
-I 1 
- 1 
__ 1 

1 -- 
_” -- 
-- “_ 
-- “_ 
-- “_ 
-- -- 

No. of Laboratory cc” 
SamlDlesa- 

18 
18 
18 
18 
4 

-- 

6 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 

_” 

“_ 

-_ 

- -  

- -  

- -  

- -  

- -  

1 

1 

1 

1 
-- 

-- 

-- 

-- 

-- 

-- 

_- 

-- 

-- 

-- 

-- 

-- 

_" 

-- 

-- 

-- 

-- 
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TABLE 1-I (Continued) 

SAMPLING AND ANALYSIS SUMMARY 
SWMUs #03/10, #06/09, #07/09 

Field Laboratory EPA 
--Parameters- 

SWMU #06/09 - DEMOLITION RANGE (Continued) 

Tissue voc 
svoc 
Metals 
Cy(anide 
Explosive 
NO,+NO, 

Groundwater Temp., PH, 
Specific 
Conductance 

VDC 
svoc 
Metals(3) 
Cyanide 
Explosives 
COD 
TDS 
Chloride 
Sulfate 
Alkalinity 
NO,+NO, 

SWMU #KI7/09 - OLD RIFLE RANGE 

Soil svoc 
Metals 
Cyanide 
Explosives 
Nf02+N03 

Surface Water Temp., pH, 
Specific 
Conductance 

voc 
svoc 
Metals’3) 
Cyanide 
Explosives 
C.OD 

IV 
IV 
IV 
IV 
III 
Ill 

I 

IV 
IV 
IV 
IV 
Ill 
III 
Ill 
Ill 
Ill 
Ill 
III 

IV 
IV 
IV 
III 
Ill 

I 

IV 
IV 
IV 
IV 
Ill 
Ill 

Field 
ales 
. . 

25 
25 
25 
25 
25 
25 

10 

10 
10 
10 
IO 
10 
10 
10 
10 
10 
10 
10 

Field QC(l) 
m El3 LB 

_” 2 
“” “_ 

“- -” “” 
“” “_ “I 
“” “_ _I 

_” “I 

“” “” “” 

1 1 2 
1 1 
1 1 
1 1 “- 
1 1 “” 
1 1 “” 
1 1 “” 
1 1 “” 
1 1 “” 
1 1 
1 1 “” 

1 _” “” 
1 “_ 
1 _” I” 
1 _” 
1 “” “_ 

-- “” “” 

_” 1 1 
“_ 1 __ 
_” 1 “” 
_” 1 “” 

1 “” 
“” 1 

El2 

3 
3 
3 
3 
3 
3 

“” 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

-- 
“_ 
m” 
_” 
“” 

“” 
“” 
“” 
“” 
“” 

No. of Laboratory QC@ 
SamDlets- 

30 2 
28 2 
28 2 
28 2 
28 2 
28 2 

15 1 
13 1 
13 1 
13 1 
13 1 
13 1 
13 1 
13 1 
13 1 
13 1 
13 1 

7 “_ 
7 “” 
7 _- 
7 “” 
7 “” 

4 -- 
3 _- 
3 _” 
3 “” 
3 _” 
3 _” 
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TABLE l-l (Continued) 

SAMPLING AND ANALYSIS SUMMARY 
SWMUs #03/10, #06/09, #07/09 

Field Laboratory EPA 
LocationniJlatrixParamsten;ParametsrslPlYel 

SWMU #07/09 - OLD RIFLE RANGE (Continued) 

Tissue 

Surface Water 
(Continued) 

TDS 
Sulfate 
Chloride 
Alkalinity 
NO,+NO, 

Sediment WC 
svoc 
Metals 
Cyanide 
Explosives 
NO,+NO, 

WC 
SJOC 
Metals 
Cyanide 
Explosive 
NO,+NO, 

Groundwater Temp., PH, 
Specific 
Conductance 

voc 
svoc 
Metalsc3) 
Cyanide 
Explosives 
COD 
TDS 
Sulfate 
Chloride 
Alkalinity 
NO,+NO, 

III 
III 
III 
III 
III 

IV 
IV 
IV 
IV 
III 
III 

IV 
IV 
IV 
IV 
III 
III 

I 

IV 
IV 
IV 
IV 
III 
III 
III 
III 
III 
III 
III 

.e 

Field 

25 
25 
25 
25 
25 
25 

9 

9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 

Field QC(1) No. of 
BB 

“” 

“” 

“” 

“” 

“” 

“” 

“” 

“” 

“” 
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TABLE l-l (Continued) 

SAMPLING AND ANALYSIS SUMMARY 
SWMUs #03/l 0, #06/09, #07/09 

NOTES: 

(1) Trip blanks will be provided at a frequency of one permoler containing VOC samples (soil and water). The 
number of field blanks are based on two water sources. Rinsate blanks are collected at one per sampling 
method per day. Only samples obtained from every other day are analyzed. Field duplicates will be collected 
at a frequency of one per IO samples collected. See Section 16.0 of Work Plan for event schedule. 

(2) MSiMSD Samples are required for organic analysis. Samples shall be collected with extra sample volume at 
a frequency of one per 20 or fewer investigative samples per matrix. Triple the normal volume for aqueous 
collected for aqueous VOCs, SVOCs, explosives, and dioxinlfurans. Double the normal volume for all other 
analysis. 

(3) Metals and cyanide will be analyzed as total (unfiltered) samples. 

FB - Field Blank 
RB - Rinsate Blank 
FD - Field Duplicate 
LD - Laboratory Duplicate 
MS - Matrix Spike 
MSD - Matrix Spike Duplicate 
TB - Trip Blank 
SWMU - Solid Waste Management Unit 
DQO - Data Quality Objective 
QC - Quality Control 
VOC - Volatile Organic Compound 
SVOC - Semivolatile Organic Compound 
COD - Chemical Oxygen Demand 
TDS - Total Dissolved Solids 
N03+ NO, - Nitrate Plus Nitrite 
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1.3 SAMPLE COLLECTION AND RATIONALE 

The rationale and locations for sample collection are described in Section 4.0 of the Work 
Plan. 

1.4 PARAMETERS TO BE TESTED AND FREQUENCY 

A summary of the samples to be collected and analyses to be performed is presented in 
Table l-l. 

D:\CT0760l\QAPPl\TEXT 
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2.0 PROJECT ORGANIZATION AND RESPONSIBILITIES 

The Navy Remedial Project Manager (RPM) through the Naval Fac;ilities CLEAN Program 
Director will provide direction ,for the Halliburton NUS Team Project Manager through the 
CLEAN Program Manager at Halliburton NUS. The various management and Quality 
Assurance (QA) responsibilities of key project personnel are shown on Figure 2-l and are 
described below. 

(&&IN Proaram Manaaer 

The CLEAN Program Manager, John Trepanowski, has overall responsibility for ensuring 
that the project meets the CLEAN quality objectives and standards. In addition, the 
CLEAN Program Manager is responsible for technical Quality Control (QC) and project 
oversight, and will provide communication with management at the Department of the 
Navy. 

N Qualitv Assurance Manaaer 

The CLEAN QA Manager, Debra Scheib, is responsible for QAIQC monitoring at the 
program level, QILVQC monitoring of the subcontractors, QAIQC training, and updates to 
the CLEAN QC Management: Plan. The CLEAN QA Manager will also assist the Program 
and Project Managers in resolution of issues related to quality that may occur in the field. 

Proiect Manaaer 

The Project Manager, Charles Zeal, P.E., is responsible for implementing the project, and 
has the authority to commit the resources necessary to meet project objectives and 
requirements. The Project Manager’s primary function is to ensure that technical, financial, 
and scheduling objectives are achieved successfully. He will also be responsible for the 
preparation and quality of interim and final reports. 

The Field Team Leader (FTL) is responsible for leading and coordinating the daily field 
activities, including sample collection. The FTL reports directly to the Project Manager and 
will assist in report preparation. He will also identify problems at the field team level, 
resolve identified problems with the Project Manager, and provide the communication link 
between the field team and upper management. The FTL has not been identified at this’ 
time. 

2-l 
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FIGURE 2-l 
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Site Quaiifv Assurance t&uxwx 

The Site QA Manager, Greg Ruechel, in conjunction with the CLEAN QA Manager, will 
oversee implementation of the Quality Assurance Project Plan (QAPP) on the project. He 
will also be responsible for the evaluation of the field and laboratory QC measures for this 
project. 
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3.0 QUALITY ASSURANCE OBJECTIVES FOR ANALYTICAL DATA 

The overall QA objective is to ensure that the data are of known and acceptable quality. 
The analytical quality will be maintained through the use of United States Environmental 
Protection Agency (USEPA) or National Institute of Occupational Safety and Health 
(NIOSH) analysis methods and EPA Level Ill and IV QC data packages with diskette 
deliverables, as defined in (NTIS 
PB90-272634). .I 

3.1 DATA QUALITY OBJECTIVE LEVELS 

The QC levels proposed for this project are EPA Levels I, III, and IV.. 

3.1.1 EPA Level IV 

EPA Level IV QC is used for sites that are on or about to be on the National Priorities List 
(NPL). These sites are typically near populated areas and are likely to undergo litigation. 
Level IV QC includes review and approval of the laboratory QC plan, the site work plan, 
and the field QC plan. The laboratory must successfully analyze a performance sample, 
undergo an audit, correct deficiencies found during the audit, and provide monthly progress 
reports (MPRs) on QA. These activities will be administered and evaluated by the NCR. 
This audit and the analysis performance sample are in addition to those related to the EPA 
Super-fund Program. The laboratory that performs Level IV QC must have passed the 
performance sample furnished through the Superfund Contract Laboratory Protocol (CLP) 
and must be able to generate the CLP deliverables. For a Level IV site, the CLP methods 
are used and the CLP data package generated. The Navy audit and performance sample 
are required in addition to any specified by the EPA Superfund Program. 

To assess whether the overall quality assurance objectives have been met, analysis of 
specific field quality control samples and laboratory quality control samples are required 
for Level IV. These quality control samples include field blanks, field duplicates, laboratory 
duplicates, matrix spike, matrix spike duplicates and laboratory control samples. The 
preparation of each of these types of samples is described in Sections 3.2 and 9.0. The 
frequency with which they will be collected/analyzed is presented in Table l-l. 

3-l 
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3.1.2 EPA Level lJ,l 

A site requiring Level III QC would be a site near a populated area, not on the NPL, and 
not likely to be undergoing litigation. The Level Ill QC includes review and a,pproval of the 
laboratory QA and the site work plan. The laboratory must successfully analyze a 
performance sample, undergo an audit, correct deficiencies found during the audit, and 
provide MPRs on QA. The laboratory that performs Level Ill UC must have passed the 
performance sample furnished by the Superfund CLP in the past year. The laboratory 
does not need to be receiving CLP bid lots of samples. 

Level Ill allows the use of non-CLP methods but requires that the methods be accepted 
EPA methods. All methods used must be EPA methods or be equivalent to EPA methods. 
The laboratory must successfully analyze a performance sample, undergo an audit, correct 
deficiencies found during the audit, and provide MPRs on QA. These audits will be 
administered and evaluated by the NCR. The Navy audit and performance sample are 
required in addition to any specified by the EPA Superfund Program. 

3.1.3 WA Level I 

EPA Level I will be used for field parameters such as temperature, pH, and specific 
conductance. Equipment lrinsate blanks, field blanks, and field duplicates are not required 
for this level. 

3.2 FIELD SPECIFIC QUALITY CONTROL SAMPLES 

To achieve the overall Data Quality Objectives (DQOs), proper sample handling, sample 
analysis, and data handling procedures will be followed. These procedures are described 
in the following sections of this QAPP and are in accordance with the requirements and 
recommendations of each analytical method. This document describes the specific 
objectives for analytical precision, accuracy, representativeness, completeness, and 
comparability (PARCC). 

3.2.1 Field Blanks 

Field blanks are samples of source water used for decontamination and steam cleaning. 
At a minimum, one sample for each source of water for a given event will be collected for 
analyses. There will be two field blanks per event: a sample of the potable water used for 
steam cleaning and a sample of the deionized water used for decontamination. If more 
than one source of deionized water is used or if potable water is ,taken from more than one 
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location, then additional field blanks will be collected and analyzed for the same suite of 
parameters as that of samples. 

3.2.2 Field Duplicatesa 

Field duplicate results will be used to assess the precision of the sample results. They will 
be used to monitor overall precision, including the reproducibility of sampling and analytical 
procedures. Field duplicate samples will be collected at a frequency of 1 per group of 10 or 
fewer investigative samptes. .n 

3.2.3 Trip Rlanks 

Trip blanks are used to detect potential contamination by volatile organic compounds 
(VOCs) during sample shipping and handling. Trip blanks are 40 ml volatile organic 
analysis (VOA) vials of ASTM Type II water that are filled in the laboratory, transported to 
the sampling site, and returned to the laboratory with VOC samples. Each trip blank is to 
be stored at the laboratory with associated samples and analyzed with those samples. Trip 
blanks are orily analyzed ‘for VOCs. Trip blanks must be senl: with both water and soil 
samples; however, they are always analyzed and reported as water samples. Trip blanks 
will also accompany and be analyzed for associated tissue samples. 

3.2.4 Equigment Rinsates 

Equipment rinsates are samples of ASTM Type II water passed through decontaminated 
sampling equipment immediately prior to sample collection. They are used as a measure 
of decontamination process effectiveness. Equipment rinsates are collected daily during 
the sampling event. Matrices for this purpose are considered to be soils, sediments, or 
waters. One rinsate blank will be collected per sampling team.. Equipment rinsates are 
analyzed for the same analytes as samples collected that day.. Equipment rinsates are 
always analyzed and reported as water samples. Equipment rinsates collected every other 
day will be analyzed. Others will be marked “hold” on the chain of custody forms and 
analysis will be as deemed necessary by the Navy RPM, Project Manager, and CIA 
Manager with consideration of elapsed holding time. 

3.3 PARCC CRITERIA 

Critical indicators of project data quality are precision, accuracy, representativeness, 
completeness, and comparability. Objectives for these indicator parameters were 
developed for this project based on past experience and on the objectives of this RA. Field 
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procedures, analytical methods, and the project QA Program were selected and developed 
to meet these objectives. 

3.3.1 Precision 

Precision refers to the reproducibility of measurements of the same characteristics, usually 
under a set of conditions. For large data sets, precision is expressed aii; the measure of 
variability of a group of measurements compared to their average value [i.e. Relative 
Percent Difference (RPD) of the pair]. w’ 

The precision of field measurements (e.g. temperature, specific conductance, and pH) will 
be evaluated based on the results of duplicate measurements. The results will be 
compared to the established acceptance criteria shown in Table 3-l. 

The precision of chemical analyses will be assessed through the analysis of field duplicate 
samples, matrix spike/matrix spike duplicate (MSIMSD) samples, and laboratory 
duplicates. MS/MSD sampies and laboratory duplicates will be analyzed at a frequency 
of 1 per group of 20 or fewer investigative samples per sample matrix. Each QC sample 
type will provide unique information regarding the precision of the program: 

. Field duplicate samples: sampling and laboratory precision. 

. MWMSD samples, laboratory duplicates: analytical precision. 

General precision acceptance criteria for duplicate and MS/MSD samples are presented 
in Table 3-l. When analytes are present in samples either near the method detection limit 
or substantially above the detection limit, these objectives may /not be met. If precision 
objectives are not met, other QC data will be evaluated to determine the usability of the 
data. 

3.3.2 jkcuracy 

Accuracy refers to the degree of agreement of a measurement to the true value. The 
accuracy of a measurement system is impacted by errors introduced through the sampling 
process, field contamination, preservation, handling, sample matrix, sample preparation, 
and analytical techniques. Sampling accuracy will be evaluated based on the results of 
the analysis of field blanks, VOCs trip blanks, and equipment rinsate samples. Analytical 
accuracy will be evaluated on the basis of MS samples, surrogate compounds, laboratory 
control standards (LCSs), and method blank samples. MS samples, LCSs, and method 
blank samples will be analyzed at a frequency of 1 per group of 20 or fewer investigative 
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samples per sample matrix. Surrogate compounds are added to every sample and 
standard that require them. 

The results of blank samples, expressed in the units of measurement (e.g. ug/l), will 
provide information on positive bias. Blank samples should not contain analytes of interest 
above background levels, preferably not above method detection limits. The results of 
spiked samples and reference standards will be expressed as percent recovery (%R) and 
will provide information on positive and negative bias. Objectives for MS samples and 
surrogate compounds, expressed in %R, are presented in Table 3-l. Objectives for LCSs 
are those provided by the supplier for LCSs purchased commercially or procured from the 
USE,PA. 

3.3.3 

Representativeness expresses the degree to which data accurately and precisely 
represent a characteristic of a population, parameter variations at a sampling point, or an 
environmental condition. Representativeness will be satisfied by ensuring that the proper 
sampling techniques are used, proper analytical procedures are followed, and sample 
holding times are not exceeded by the laboratory. 

3.3.4 wletenesq 

Completeness is a measure of the amount of valid data obtained from a measurement 
system compared to the amount that was expected to be obtained under normal 
conditions. It is expected #that the laboratories will provide data meeting QC acceptance 
criteria for 90 percent or more for all samples tested using the analytical methods listed in 
Table 8-l. 

. . 
3.3.5 co- 

Comparability expresses the confidence with which one data set can be compared with 
another. The use of standard USEPA analytical methodologies, CLP methods or non-CLP 
methods, to obtain the planned analytical data, as documented in the QAPP, are expected 
to provide comparable data. The new analytical data, however, may not be directly 
comparable to previously collected data at the SWMUs because of differences in 
procedures and QA objectives. 
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3.4 SENSITIVITY 

The sensitivity of analysis is measured by the use of detection limits. The detection limits 
to be used for this project are given in Tables 3-2 through 3-7. 

D:\CT076Ol\QAPPl\TEXT 
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TABLE 3-2 

VOCs AND REQUIRED QUANTITATION LIMITS 

Quantitation Limits’ 
Low Med. 

Soil/Tissue 
Comoound 

Soil/Tissue 
ualka 

:: 
Chloromethane 
Bromomethane 

3. Vinyl Chloride 
4. Chloroethane 
5. Methylene Chloride 

., 

Water 
us/L 

:i 

:i 
10 

1200 
1200 
1200 
1200 
1200 

6. Acetone 
7. Carbon Disulfide 
8. I,1 -Dichloroethene 
9. I,1 -Dichloroethane 
10. 1,2-Dichloroethene ((total) 

11. Chloroform 
12. 1,2-Dichloroethane 
13. 2-Butanone 
14. 1 ,I ,I -Trichloroethane 
15. Carbon Tetrachloride 

:i 

:i 
10 

1200 
1200 
1200 
1200 
1200 

:Fl 
:i 
10 

1200 
1200 
1200 
1200 
1200 

16. Bromodichloromethane 
17. 1,2-Dichloropropane 
18. cis-1,3-Dichloropropene 
19. Trichloroethene 
20. Dibromochloromethane 

1: 
1: 
10 

:i 

:: 
10 

1200 
1200 
1200 
1200 
1200 

21. 1,1,2-Trichloroethante 
22. Benzene 
23. trans-1,3-Dichloropropene 
24. Bromoform 
25. 4-Methyl-2-pentanone 

26. 2-Hexanone 
27. Tetrachloroethene 
28. Toluene 
29. 1 ,I ,2,2-Tetrachloroethane 
30. Chlorobenzene 

1: 
:i 
10 

:i 
:Fl 
10 

1200 
1200 
1200 
1200 
1200 

:: 
10 

1; 

:i 

:i 
10 

1200 
1200 
1200 
1200 
1200 

31. Ethyl benzene 
32. Styrene 
33. Xylenes (total) 

2 
10 

:i 
10 

1200 
1200 
1200 

. 
Quantitation limits listed for soil/sediment are based on wet weight. The 
quantitation limits calculated by the laboratory for soil/sediment, calculated on 
dry weight basis, will be higher. 
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TABLE 3-3 

SVOCs AND REQUIRED QUANTITATION LIMITS 

Quantitation Limits’ 

Compound 

Phenol 
bis(2-Chloroethyl) ether 
2-Chlorophenol 
1,3-Dichlorobenzene 
1,4-Dichlorobenzene 

1,2-Dichlorobenzene 
2-Methylphenol 
2,2’-oxybis-( 1 -Chloropropane)*’ 
4-Methylphenol 
N-Nitroso-di-n-dipropylamine 

Hexachloroethane 
Nitrobenzene 
lsophorone 
2-Nitrophenol 
2,4-Dimethylphenol 

bis(2-Chloroethoxy) methane 
2,4-Dichlorophenol 
1,2,4-Trichlorobenzene 
Naphthalene 
4-Chloroaniline 

Hexachlorobutadiene 
4-Chloro-3-methylphenol 
2-Methylnaphthalene 
Hexachlorocyclopentadiene 
2,4,6-Trichlorophenol 

Water 
us/L 

Low Med. 
Soil/Tissue Soilmissue 

-ua/Ka uq/ko 

330 
330 
330 
330 
330 

330 
330 
330 
330 
330 

330 
330 
330 
330 
330 

330 
330 
330 
330 
330 

330 
330 
330 
330 
330 

10000 
10000 
10000 
10000 
10000 

10000 
10000 
10000 
10000 
10000 

10000 
10000 
10000 
10000 
10000 

10000 
10000 
10000 
10000 
10000 

10000 
10000 
10000 
10000 
10000 

Quantitation limits listed for soil/sediment are based on wet weight. The 
quantitation limits calculated by the laboratory for soil/sediment, calculated on 
dry weight basis, will be higher. 

Previously known by the name of bis(2-chloroisopropyl) ether. 



CLEAN CT0 #0076 
FINAL 

USEPA ID No. IN5 170 023 498 
NAVSURFWARCENDIV RA QAPP 
July 1995 

TABLE 3-3 (Continued) 

SVOCs,AND REQUIRED QUANTITATION LIMITS 

%: 
61. 
62. 

2 
% 
67: 

ii* 
70: 

3:: 

73. 
74. 

E* 
77: 

78. 
79. 
80. 

ii: 

tie 
85: 
86. 
87. 

Quantitation I imits’ 

Compound 

2,4,5-Trichlorophenol 
2-Chloronaphthalene 
2-Nitroaniline 
Dimethylphthalate 

Acenaphthalene 
2,6-Dinitrotoluene 
3-Nitroaniline 
Acenaphthene 
2,4-Dinitrophenol 

4-Nitrophenol 
Dibenzofuran 
2,4-Dinitrotoluene . 
Diethylphthalate 
4-Chlorophenyl-phenyl ether 

Fluorene 
4-Nitroaniline 
4,6-Dinitro-2-methylphenol 
N-Nitrosodiphenylamine 
4-Bromophenyl-phenyl ether 

Hexachlorobenzene 
Pentachlorophenol 
Phenanthrene 
Anthracene 
Carbazole 

Di-n-butylphthalal:e 
Fluoranthene 
Pyrene 
Butylbenzylphthalate 
3,3-Dichlorobenzidine 

Water 

25 

:; 
10 

10 

:i 

:i 

25 

1: 
10 
10 

:“5 
25 

2 

:: 

:: 
10 

10 

:: 
10 
10 

Low 
Soil/Tissue 
-ua/i(a 

Med. 
Soil/Tissue 

800 25000 
330 10000 
800 25000 
330 10000 

330 10000 
330 10000 
800 25000 
330 10000 
800 25000 

800 25000 
330 10000 
330 10000 
330 10000 
330 10000 

330 10000 
800 25000 
800 25000 
330 10000 
330 10000 

330 10000 
800 25000 
330 10000 
330 10000 
330 10000 

330 
330 
330 
330 
330 

+loooo 
10000 
10000 
10000 
10000 

Quantitation limits listed for soil/sediment are based on wet weight. The 
quantitation limits calculated by the laboratory for soil/sediment, calculated on 
dry weight basis, will be higher. 
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TABLE 3-3 (Continued) 

SVOCs AND REQUIRED QUANTITATION LIMITS 

Compound 

. . 
Quantrt&gn L imits* 

Low Med. 
Water Soil/Tissue SoilKissue 
ualLua/Ka ua/lta 

Benzo(a)anthracene 
Chrysene 
bis(2-Ethylhexyl)pht:halate 
Di-n-octylphthalate 
Benzo(b)fluoranthene 

330 10000 
:i 330 10000 _I 

:; 
330 10000 
330 10000 

10 330 10000 

Benzo(k)fluoranthene 330 10000 
Benzo(a)pyrene 

1: 
330 10000 

Indeno( 1,2,3-cd)pyrene 
:i 

330 10000 
Dibenzo(a,h)anthracene 330 10000 
Benzo(g,h,i)perylene 10 330 10000 

Quantitation limits listed for soil/sediment are based on wet weight. The 
quantitation limits calculated by the laboratory for soil/sediment, calculated on 
dry weight basis, will be higher. 
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Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Thallium 
Tin 
Vanadium 
Zinc 
Cyanide 
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TABLE 3-4 

METALS QUANTITATION LIMITS (1,2,3) 

Water (ualL) 

200 20 
60 6 
10 1 

200 20 
5 0.5 
5 .* 0.5 

5000 500 
10 1 
50 5 
25 2.5 

100 10 
3 0.3 

5000 500 
15 1.5 

0.2 0.02 
40 4 

5000 500 
5 0.5 

10 1 
5000 500 

10 1 
N/A 2 

50 5 
20 2 
10 1 

(1) Subject to the restrictions specified in the first page of Part G, Section IV of Exhibit D for lLMOl.0 
(Alternate Methods - Catastrophic Failure). Any analytical method specified in SOW Exhibit D may be 
utilized as long as the documented instrument or method detection limits meet the Required Detection 
Limit requirements. Higher detection limits may only be used in the following circumstances: 

If the sample concentration exceeds five times the detection limit of the instrument or method in use, 
the values may be reported even though the instrument or method detection limit may not equal the 
Required Detection Limit. This is illustrated in the example below: 

For lead: Method in use=ICP Instrument Detection Limit (IDL)=40 
Sample concentration=200 Required Detection Limit (RDL)=3 

The value of 200 may be reported even though the instrument detection limit is greater than the required 
detection limit. The instrument or method detection limit must be documented as described in Exhibit E. 

(2) The instrument detection limits obtained in pure water that must be met using the procedure in Exhibit E 
of OLMOl .O. The detection limits for samples may be considerably higher depending on the sample 
matrix. 

(3) Detection limits for soil are based on wet weight. The detection limits are calculated by the laboratory 
for soil. Sample results will be reported on a dry weight basis. 

N/A = Not applicable D~\CT07601\QAPPl\TABLES. 
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EXPLOSIVES COMPOUND LIST AND QUANTITATION LIMITS 

Exolosives 

Octahydro-1,3,5,7-tetranitro-1,3, 
5,7-tetrazocine 
Hexahydro-1,3,5-trinitro-1,3,5triazine 
1,3,5-Trinitrobenzene 
1,3-Dinitrobenzene 
Methyl-2,4,6-trinitrophenylnitramine 
Nitrobenzene 
2,4,6-Trinitrotoluene 
2,4-Dinitrotoluene 
2,6-Dinitrotoluene 
o-Nitrotoluene 
m-Nitrotoluene 
p-Nitrotoluene 

.I 

Abbrev 

HMX 13.0 2.2 
RDX 14.0 1.0 
TNB 7.3 0.25 
DNB 4.0 0.25 
Tetryl 44.0 0.65 
NB 9.0 0.26 
TNT 6.9 0.25 
24DNT 5.7 0.25 
26DNT 9.4 0.26 
2NT 12.0 0.25 
3NT 7.9 0.25 
4NT 8.5 0.25 

Water 
Soil/ 
Tissue 

D:\CT0760I\QAPPI\TABLES. 



CLEAN CT0 #0076 USEPA ID No. IN5 170 023 498 
FINAL NAVSURFWARCENDIV RA QAPP 

July 1995 

TABLE 3-6 

WATER QUALITY ANALYTE LIST 

Analvte 

Chemical Oxygen Demand (COD) 

Total Dissolved Solids (TDS) 

Alkalinity 

Chloride (Cl) 

Sulfate (SO,) 

Nitrite + Nitrate Nitrogen (NO,+NO,) 

Quantitatation 
Limit 

Aqueous 
mall 

10 

1.0 

20 

0.2 

0.2 

0.2 

Quantiiation Limit 
Soil/Tissue(“) 

.ma/ka 

0.4 

(a) Quantitation limits for soil are based on wet weight. The quantitation limits are 
calculated by the laboratory for soils. Sample results will be reported on a dry weight 
basis. 
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TABLE 3-7 

DIOXIN/FURAN COMPOUND LIST AND QUANTITATION LIMITS 

Anal- Abbrev 

2,3,7,8-Tetrachlorodibenzo-p-dioxin ‘*2,3,7,8-TCDD 1 
1,2,3,7,8-Pentachlorodibenzo-p-dioxin 1,2,3,7,8PeCDD 5 
1,2,3,6,7,8-Hexachlorodibenzo-p-dioxin 1,2,3,6,7,8-HxCDD 5 
1,2,3,4,7,8-Hexachlorodibenzo-p-dioxin 1,2,3,4,7,8-HxCDD 5 
1,2,3,7,8,9-Hexachlorodibenzo-p-dioxin 1,2,3,7,8,9-HxCDD 5 
1,2,3,4,6,7,8-Heptachlorodibenzo-p-dioxin 1,2,3,4,6,7,8-HpCDD 5 
2,3,7,8-Tetrachlorodibenzofuran 2,3,7,8-TCDF 1 
1,2,3,7,8-Pentachlorodibenzofuran 1,2,3,7,8-PeCDF 5 
2,3,4,7,8-Pentachlorodibenxofuran 2,3,4,7,8-PeCDF 5 
1,2,3,6,7,8-Hexachlorodibenzofuran 1,2,3,6,7,8-HxCDF 5 
1,2,3,7,8,9-Hexachlorodibenzofuran 1,2,3,7,8,9-HxCDF 5 
1,2,3,4,7,8-Hexachlorodibenzofuran 1,2,3,4,7,8-HxCDF 5 
2,3,4,6,7,8-Hexachlorodibenzofuran 2,3,4,6,7,8-HxCDF 5 
1,2,3,4,6,7,8-Heptachlorodibenzofuran 1,2,3,4,6,7&HpCDF 5 
1,2,3,4,7,8,9-Heptachlorodibenzofuran 1,2,3,4,7,8,9-HpCDF 5 
1,2,3,4,5,6,7,8-Octachlorodibenzo-p-dioxin 1,2,3,4,5,6,7,8-OCDD 10 
1,2,3,4,5,6,7,8-Octachlorodibenzofuran 1,2,3,4,5,6,7,8-OCDF 10 

ng/kg = nanogram per kilogram 
ng/kg = parts per trillion (ppt) 

1 ppm= 1000 ppb 
1 ppb = 1000 ppt 

Soil 
na/kq 
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4.0 SAMPLING PROCEDURES 

Media-specific sampling procedures are briefly described below. Sampling procedures are 
detailed in Section 9.0 of the Work Plan and integrate Halliburton NUS Standard Operating 
Procedures (SOPS) as contained in Appendix A of the Work Plan. Sample containers will 
be certified clean by the laboratory or vendor responsible for supplying them. Table 4-l 
contains a list of the type and quantities of sample containers required for each analysis, 
the sample preservation techniques, and holding times. 

4.1 SURFACE SOIL SAMPLING 

Surface (0 to 6 inches) soil samples will be collected to characterize potential releases to 
soil from primary sources and subsequently evaluate risk to human and environmental 
receptors. Sample locations are described in Table 4-l of the Work Plan and shown on 
figures in Section 3.0 in the Work Plan. Discrete grab as well as composite samples will 
be collected with a stainless steel hand trowel, examined for visual signs of contamination, 
and placed directly into appropriate sample jars or mixing bowls (composites only). 
Sampling procedures, equipment, quality control, and decontamination are detailed in 
Section 9.0 of the Work Plan. 

4.2 SURFACE WATER AND SEDIMENT SAMPLING 

One round of surface water and sediment samples will be collected to evaluate potential 
contaminant impacts to water bodies and drainageways adjacent to, and within, the 
SWMUs. At the ABG, surface water sampling will also include springs identified as being 
hydraulically connected to the ABG. Sample locations are described in tables in 
Section 4.0 of the Work Plan and shown on figures in Section 3.0 of the Work Plan. 
Surface water grab samples will be collected by immersing the sample container in the 
body of water. Sediment grab samples will be collected with a sampling tube, split spoon 
or mud auger. Sampling procedures, equipment, decontamination, quality control, and 
documentation are detailed in Section 9.0 of the Work Plan. 

4.3 MONITORING WELL INSTALLATION 

Groundwater monitoring well installation will include subsurface soil sampling and rock 
coring to allow characterization of subsurface stratigraphy and ensure placement of well 

4-l 
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TABLE 4-1 

REQUIRED SAMPLE CONTAINERS, PRESERVATION, AND HOLDING TIMES 

Matrix 

Soil/ 
Sediment 

Parameter Container 

voc Two 60-ml septum- 
seal wide-mouth 

glass jars 

svoc One 8-0~. wide- 
mouth glass jar 

Metals One 8-0~. wide- 
mouth glass jar 

Cyanide One 8-0~. wide- 
mouth glass jar 

Explosives One 4-0~. wide- 
mouth glass jar 

Dioxin/Furan One 4-0~. wide- 

NO,+NO, 

Groundwater/ 
Surface Water 

voc 

svoc 

Metals 

Cyanide 

mouth glass jar 

One 4-0~. wide- 
mouth glass jar 

Two 40-ml septum 
seal glass vial 

Two 1 -liter 
amber glass 

One 1 -liter 
HDPE 

Presentation 

4°C 

Holding 
-LtlimL 

14 days 

4°C Extract in 7 days 
Analyze in 40 days 

4°C Mercury 28 days, 
.All others 6 months 

4°C 14 days 

4°C Extract in 14 days 
Analyze in 40 days 

Extract in 30 days 
Analyze in 45 days 

after collection 

4°C 28 days 

I:1 HCI, 
pH c2,4”C 

4°C 

14 days 

Extract in 7 days 
Analyze in 40 days 

I:1 HNO,, Mercury 28 days, 
pH c2,4”C All others 6 months 

One 1 -liter 
HDPE 

NaOH, pH >12, 
4°C 

14 days 
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TABLE 4-I (Continued) 

REQUIRED SAMPLE CONTAINERS, PRESERVATION, AND HOLDING TIMES 

Tissue 

Matrix 

Groundwaterl 
Surface Water 
(Continued) 

Parameter 

Explosives 

Chloride 
Sulfate 
Alkalinity 
TDS 

COD 
NO,+NO, 

voc 

svoc 

Metals 

Cyanide 

Explosives 

*’ Preservation Container 

Two 1 -liter 4°C 
amber glass 

One 1 -liter 
HDPE 

4°C 

One 1 -liter 1 :I H$O,, 
HDPE pH <2,4”C 

Appropriate size 4°C 
,wide-mouth glass 
jars or Ziploc bags 

Appropriate size 
wide-mouth glass 

jars or Ziploc bags 

4°C 

Appropriate size 
wide-mouth glass 
jars or Ziploc bags 

4°C 

Appropriate size 
wide-mouth glass 
jars or Ziploc bags 

4°C 

Appropriate size 
wide-mouth glass 
jars or Ziploc bags 

4°C 

Holding 
Time 

Extract in 7 days 
Analyze in 40 days 

28 days 
28 days 
14 days 
7 days 

28 days 

14 days 

Extract in 7 days 
Analyze in 40 days 

Mercury 28 days 
All others 6 months 

14 days 

Extract in 14 days 
Analyze in 40 days 
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TABLE 4-1 (Continued) 

REQUIRED SAMPLE CONTAINERS, PRESERVATION, AND HOLDING TIMES 

Matrix Parametec 

Holding 
Container Preservation Time 

NO,+NO, Appropriate size .’ 4°C 28 days 
wide-mouth glass 
jars or Ziploc bags 

HDPE - High Density Polyethylene 
VOC - Volatile Organic Compound 
SVOC - Semivolatile Organic Compound 
NO,+NO, - Nitrate Plus Nitrite 
TDS - Total Dissolved Solids 
COD - Chemical Oxygen Demand 
HCI - Hydrochloric Acid 
HNO, - Nitric Acid 
NaOH - Sodium Hydroxide 
H,SO, - Sulfuric Acid 

D:\CT07601\QAPPl\TA&-I 
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screens within targeted aquifers at each SWMU. Monitoring wells will be installed within 
each borehole to provide hydrogeologic characterization as well as groundwater chemistry 
data useful in assessing risk to human and environmental receptors. The installation of 
groundwater monitoring wells is intended to compliment existing monitoring networks at 
each SWMU and to adidress risk assessment data gaps not addressed during previous 
hydrogeologic investigations at the SWMUs. 

Soil borings will be completed in conjunction with monitoring well installation as shown on 
figures in Section 3.0 of the Work Plan. The sample locations are also described in tables 
in Section 4.0 of the Work Plan. Sampling procedures, equipment, decontamination, 
quality control, and documentation are detailed in Section 9.0 of the Work Plan. 

4.4 GROUNDWATER SAMPLING 

One round of groundwater sampling will be conducted from all newly installed and select 
existing monitoring wells at the ABG, the DR, and the ORR. The monitoring wells to be 
sampled are shown on figures in Section 3.0 of the Work Plan and tables in Section 4.0 
of the Work Plan. 

Groundwater samples will be collected from the monitoring wells following purging. 
Samples will be collected within 24 hours of well purging, with the exception of those wells 
where recovery from the purging process exceeds 24 hours. Groundwater samples will 
be collected with a pump or bailer. Sampling procedures, equipment, quality control, and 
decontamination are detailed in Section 9.0 of the Work Plan. 

4.5 TISSUE SAMPLING 

Vegetation and wildlife tissue samples will be collected to determine if any of the 
contaminants of concern are present in living tissue and represent potential sources for 
bioaccumulation of contaminant materials. This is important to the overall evaluation of the 
potential for transport of contaminants through the ecological food chain at and 
surrounding the individual SWMU sites. Tissue samples will be collected from vegetation 
and wildlife species located upgradient, at and downgradient of the ABG, ORR and the DR 
sites. Both aquatic and terrestrial tissue samples will be collected. Sampling procedures, 
equipment, decontamination, quality control, and documentation are detailed in 
Sections 8.0 and 9.0 of the Work Plan. 

4-2 
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4.6 ECOLOGICAL POPULATION SURVEY 

An ecological population survey of the three SWMlJs will be conducted to fill a significant 
site specific data gap concerning the ecological relationships present at the site and how 
they are at and affected by the continued operation of the ABG, ORR and the DR sites. 
The ecological population survey is a general assessment of the aquatic and the terrestrial 
ecosystems in the area of the three SWMUs and the surrounding site environs. Sampling 
procedures, equipment, decontamination, quality control, and documentation are detailed 
in Sections 8.0 and 9.0 of the Work Plan. *’ 

4.7 SURFACE WATER AND GROUNDWATER HYDRAULIC CHARACTERIZATION 

Staff gauges will be installed in Little Sulphur, Turkey, and Boggs Creek to serve as 
surface water level measurement points. These points will serve as additional control 
when integrated with groundwater level measurements obtained from well installations. 

Staff gauges will be installed1 at locations shown on figures in Section 3.0 of the Work Plan. 
Procedures, equipment, quality control, and documentation are detailed in Section 9.0 of 
the Work Plan. 

4.8 SAMPLE IDENTIFICATION NUMBERS AND DOCUMENTATION 

4.8.1 Sample Loabook 

A bound Sample Logbook with sequentially numbered pages will provide the means for 
recording samples sent to laboratories. 

The cover of each notebook will contain: 

Naval Surface Warfare Center - Crane 
Start Date 
End Date 
Book Number 

The Sample Logbook will contain the following information for each sample collected for 
chemical analysis: 

. Field sample identification number. 

4-3 
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Type of sample (field, QC, QA). 
Depth of sample. 
Date and time sample collected. 
Initials of sampler. 
Number and type of sample containers filled. 
Field screening readings, if any. 
Analyte(s). 
Laboratory destination. 
Date shipped. 
Airbill number. 

.I 
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4.8.2 

The field sample identification number will consist of the project identifier, the sample 
matrix, the year, location number, and depth. The scheme used is listed below: 

CR95-AABB-CC-DD 

Where: CR = project identifier for Naval Surface Warfare Center, Crane Division 
95 = 1995 Field Investigation 

AA= SWMU: 
03 = SWMU #03/l 0, Ammunition Burning Ground 
06 = SWMU #06/09, Demolition Range 
07 = SWMU #07/09, Old Rifle Range 

BB = sample matrix: 
GW= Glroundwater Sample 
SD = Sediment Sample 
ss = Soil Sample 
SW= Surface Water Sample 
VT= Vegetation Tissue 
VW= Wildlife Tissue 

cc = Sample location number (numbered sequentially within each SWMU). 
In the case of existing monitoring wells, existing well 
numbers/nomenclature will be used. 

4-4 
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DD = Sample depth in feet: 
A = less than 2 feet below surface 
B = 2 to 4 feet 
c = 4 to 6 feet 
D = 6 to 8 feet 
etc. 

Field duplicate, rinsate blanks and field blanks samples will be identified by noting a 
fictitious sample location number. Trip blanks and field blanks will be designated with the 
alpha codes “TB”. 

Examples of field sample identification numbers are as follows: 

CR95-03SWOl-01 NAVSURFWARCENDIV, 1995 Field Investigation, Surface 
Water Sample No. 1 from SWMU #03/10 (Ammunition Burning 
Ground). 

CR95-06SS-AOI-01 NAVSURFWARCENDIV, 1995 Field investigation, Soil Sample 
No. 1 collected from O-6 inches below the surface at 
SWMU #06/09 (Demolition Range). 

D:\CT076Ol\QAPPI\TEXT 
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5.0 SAMPLE CUSTODY, PACKAGING, AND SHIPPING 

5.1 SAMPLE CUSTODY 

The USEPA chain of custody protocols, as described in “NEIC Policies and Procedures,” 
USEPA-330/9-78-001-R, revised June 1985, will be followed. Custody is in three parts: 
sample collection, laboratory analysis, and final evidence files. Field evidence files, 
including all originals of laboratory reports and purge files, are maintained under document 
control in a secure area. Custody procedures are outlined in Halliburton NUS SOP SA 6.1 
(Work Plan Appendix A). 

5.2 PACKAGING AND SHIPPING 

For purposes of shipping, samples are classified as environmental samples or 
environmental hazardous substance (liquid or solid n.o.s). Each classification requires 
specific packaging, labeling, and shipping as determined by the U.S. Department of 
Transportation (DOT), the International Air Transport Association (IATA), and each 
commercial carrier. Samples will be prepared according to applicable Halliburton NUS SOP 
SA-6.2 (Work Plan, Appendix A), DOT, IATA, and commercial carrier requirements. 

5.3 SHIPMENT COORDINATION 

The field data coordinator ((FDC) will notify the laboratories of all sample shipments on the 
day of shipment. At that time the following information will be provided: 

l FDC name and site office telephone number. 

l Site name. 

. Number(s) and matrix(ces). 

l Carrier name and airbill number(s) for the shipment. 

. Method of shipment (i.e. Fed Ex. overnight). 

. Date of shipment. 

5-l 
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l Suspected hazards associated with the samples or site. 

. Irregularities or anticipated problems with the samples, including special 
handling instruction or deviations from established sampling procedures or 
numbers of samples. 

l Status of the sampling project (i.e. final shipment, update of future shipping 
schedule). 

-I 

Sample shipments made after 5:00 p.m. Eastern Standard Time (EST) will be called in at 
the start of business the next day (8:00 a.m. EST). Laboratories will be notified by 
3:00 p.m. EST Friday conc.erning information about sample shipments being sent Friday 
intended for Saturday delivery/pickup. 

5.3 FINAL EVIDENCE FILES CUSTODY PROCEDURES 

Relevant records, reports, logs, field notebooks, pictures, and the data review will be 
maintained in a secure, limited access area and under custody of the Project Manager. 
Raw data will be retained by the Navy at the end of the project and under custody of the 
Project Manager until that time. 

D:\CT07601\QAPPI\TEXT 
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6.0 CALIBRATION PROCEDURES 

6.1 FIELD EQUIPMENT 

Equipment to be used during the field sampling will be examined to determine that it is in 
an operable condition and will be calibrated at the beginning of each day. This includes 
checking the manufacturer’s operating manual and the instructions for each instrument to 
ensure that all maintenance and operating requirements are being observed. 

6.2 LABORATORY EQUIPMENT 

Instruments used in the laboratory will be calibrated according to the specific method used 
and Southwest Laboratory of Oklahoma’s (SWLOK) general quality assurance manual 
(Attachment A). 

D:\CT0760l\QAPPl\TEXT. 
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7.0 PREVENTIVE MAINTENANCE 

7.1 FIELD EQUIPMENT 

Field equipment will be maintained and calibrated according to manufacturer’s 
specifications. 

.* 

7.2 LABORATORY EQUIPMENT 

Laboratory equipment will be maintained according to manufacturer’s specifications and 
in such a way that the QC requirements of the methods will be met for all analyses 
performed. Preventive maintenance of laboratory instruments will be performed as 
described in SWLOKs general QA Manual (Attachment A). 

D:\CT07601\CJAPP1\TWT 
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8.0 ANALYTICAL PROCEDURES 

Analyses will be accomplished using only USEPA approved laboratories. 

Analysis of samples collected will be performed according to the methods shown in 
Table 8-I. Samples for volatiles, semivolatiles, metals, and cyanide will be analyzed 
according to analytical procedures in the USEPA Statement of Work (SOW) OLMOl.8 for 
organic analysis and SOW ILM02.1 for inorganic analysis, or their most recent updates. 

Samples analyzed for explosives, dioxin/furans, and indicator parameters, will follow the 
appropriate method as presented in Table 8-l. Southwest Laboratory of Oklahoma 
Standard Operating procedures are presented in Attachment B. 

D:\CT0760l\CIAPPl\TEXT 
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TABLE 8-I 

ANALYTICAL METHODS 

Volatiles 
Semivolatiles 
Metals 
Cyanide 
Explosives 
Nitrate+Nitrite Nitrogen 
Chloride 
Sulfate 
Alkalinity 
Total Dissolved Solids (TDS) 
Chemical Oxygen Demand (COD) 
Dioxin/Furan 

Method 
wous SoiJlSe~nt/Tissui&) 

(a) 
(a> 

I9 
SW-84”s 8330 
USEPA 300 
USEPA 300 
USEPA 300 

SM 403@’ 
USEPA 160.1 
USEPA 410.1 

-- 

Is 
t:, 

SW-846 (a) 8330 
USEPA 300 

-- 
-- 
-- 
-- 
WV 

SW-846 8290 

(a) USEPA Contract Laboratory Program Statements of Work;. OLMOI .O-OLMOI .8 for 
organic analyses and 1 LM02.1 for TAL metals and cyanide. 

USEPA “Methods for Chemical Analysis of Water and Waste,” USEPA 41791020, 
March 1983. 

SW-846 Test Methods for Evaluating Solid Wastes Physical/Chemical Methods, 
3rd Edition. 

(b) Analytical methods for tissue samples are the same as soil/sediment samples, 
except for sample preparation. Tissue samples will be homogenized in a blender 
with distilled water and filtered by vacuum filtration. The extract will then be analyzed 
as a soil/sediment sample. 

(c) Standard methods for the examination of water and wastewater, 16th Edition, 1985. 
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9.0 INTERNAL QUALITY CONTROL CHECKS 

9.1 FIELD QUALITY CONTROL SAMPLES 

The assessment of field sampling precision and accuracy will be made through the 
collection of field duplicates, field blanks, equipment rinsates, and trip blanks as discussed 
in Section 3.2 of this QAPP. 

9.2 LABORATORY QUALITY CONTROL SAMPLES 

Internal QC procedures for laboratory analyses are specified in the appropriate CLP SOW 
for volatiles, semivolatiles, and metals, and in the laboratory SOPS and analytical methods 
for explosives, dioxinjfurans, and indicator parameters (Attachment B). 

A brief discussion of the laboratory QC samples is provided in the following paragraphs: 

9.2.1 Method Blanks 

The method blank is an analytical control consisting of deionized water, reagents, and 
internal standards and surrogates (if appropriate for the analysis), which is carried through 
the entire analytical procedure. An aqueous method blank is treated the same as a sample 
with a water matrix; a solid method blank is treated the same as a soil sample. The 
method blank is used to define the level of laboratory background contamination. 

9.2.2 Laboratory DLaglicates 

Laboratory duplicates are a second aliquot of a sample that is treated the same as the 
original sample in order to determine the analytical precision of the method. Precision is 
measured by calculating tlhe RPD of the laboratory duplicates. 

9.2.3 Matrix SpihLe 

An aliquot of a sample that is fortified (spiked) with known quantities of specific analytes 
and subjected to the entire analytical procedure. The percent recoveries are calculated 
for each of the added analytes in order to evaluate the effect of the sample matrix on 
accuracy of the method. 
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9.2.4 

A second aliquot of the same sample as the matrix spike (Section 9.2.3 above) that is 
spiked the same as the matrix spike. The RPD is calculated for the results of the analytes 
added to the MWMSD samples to evaluate the effect of the sample matrix on analytical 
precision. 

9.2.5 Surroaate Comnoqjj 

Surrogates are compounds that are added to every blank, sample, MS/MSD, and standard 
that are not expected to be detected in environmental media. Surrogates are brominated, 
fluorinated, deuterated, or isotopically labelled compounds used to evaluate analytical 
efficiency by measuring %R. 

9.2.6 hboratory Control Sa 

An aqueous or solid sample of known composition. The LCS is subjected to the same 
sample preparation, reagents, and analytical methods as the field samples submitted for 
analysis. The results of the LCS are calculated as a %R and used to evaluate analytical 
accuracy. 

D:\CT07601\QAPPl\TEXT 
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10.0 DATA REDUCTION, VALIDATION, AND REPORTING 

10.1 FIELD MEASUREMENTS 

Data from field measurements and sample collection activities will be appropriately 
recorded on field forms (Work Plan Appendix A). If the data are to be used on the project 
reports, they will be reduced or summarized and presented in the RA report. 

_* 

10.2 LABORATORY’ SERVICES 

All laboratory analysis will be performed by the Southwest Laboratory of Oklahoma. 

Data reduction will be performed by the laboratory in accordance with the requirements of 
the laboratory-specific SOPS (Attachment B). Subsequent to receipt of data from the 
laboratory, data validation1 will be performed by Halliburton NUS Team personnel in 
accordance with the USEPA National Functional Guidelines for Evaluating Organic and 
Inorganic Laboratory Data (February 1994) and method-specific quality control criteria as 
applicable. Data evaluation of validated analytical data may include data reduction and 
tabulation, statistical analysis, environmental fate and transport modeling, and mapping. 
The results will be incorporated into the RA report. 

Diskette deliverables received from the laboratory will be utilized for EPA Level III and IV 
reporting. The diskettes will be uploaded to Oracle relational database software. Oracle 
may be used to provide statistical analysis of the data and for generation of report tables. 
Report tables generated from Oracle are backchecked against hardcopy reports received 
from the laboratory to verify correctness of uploaded data. Organic and inorganic 
analytical results will be reported using CLP SOW format and forms. Explosives, dioxin/ 
furans, and indicator parameter analytical results will be reported using CLP “equivalent” 
format and forms. 

D:\CT0760l\QAPPl\TEXT 
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11 .O DATA ASSESSMENT PROCEDURES 

Analytical data will be evaluated for precision, accuracy, and completeness. The 
acceptability of the analytical precision and accuracy will be determined by comparing them 
to the control limits recommended in the methods. Data determined to be insufficiently 
precise or accurate will be subject to the corrective action prescribed by the appropriate 
analytical method. The QC samples used in the determination of precision and accuracy 
have been described in Section 3.0. Specific equations used to calculate precision, 
accuracy, and completeness are presented below. 

Precision will be expressed in terms of Relative Percent Difference (RPD). 

RPD = Concentration 1 - Concentration 3 x 100 
(Concentration 1 + Concentration 2)/2 

Accuracy as determined from the analysis of a laboratory control sample or surrogate will 
be expressed as Percent Recovery (%R). 

O/R = Measured Concentratrpn x 100 
Actual Concentration 

Accuracy as determined from the analysis of a spiked sample will also be expressed as 
%R. 

%R = Measured Sorke Value - Un Spiked Value x 100 
Known Spike Value 

Completeness will describe the number of usable analytical results as a percentage of the 
total number of samples submitted for analysis. 

% Complete = Valid Data x 100 
Total Data Planned 
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12.0 CORRECTIVE ACTION 

Corrective actions may be required for problems that occur during sampling and sample 
handling, sample preparation, laboratory instrumental analysis, and data reviekw. A formal 
corrective action program will be determined and implemented at the time the problem is 
identified. The person who identifies the problem is responsible for notifying the Project 
Manager who in turn, will notify the QA Managers as appropriate. Implementation of 
corrective action will be confirmed in writing through the same channels. Any 
nonconformance with the established QC procedures in the QAPP or Work Plan will be 
identified and corrected in accordance with the QAPP. The Project Manager or his 
designee will prepare a nonconformance report for each nonconformance/corrective action 
situation. No staff member may initiate corrective action without prior communication of 
findings through the proper channels. 

12.1 FIELD ACTIVITIES 

Project field personnel will be responsible for reporting all suspected nonconformances or 
deficiencies to the Project Manager or designee. The Project Manager will be responsible 
for assessing the suspected problems in consultation with the QA Managers, as 
appropriate. The final decision is to be based on the potential for the situation to impact 
the quality of the data. If the situation warrants corrective action measures, the Project 
Manager will prepare a nonconformance report. 

The FTL at times is required to adjust the site activities to accommodate site-specific 
needs. The changes will be documented in the field log notebook and signed by the 
initiators and the FTL. The Project Manager must approve the changes in writing or 
verbally prior to field impl’ementation. A Field Modification Record form (Work Plan 
Appendix A) will also be prepared and distributed as appropriate. 

12.2 LABORATORY ACTIVITIES 

Corrective actions are required whenever an out-of-control event or potential out-of-control 
event is noted. The investigative action taken is dependent upon the analysis and the 
event. Specific analytical corrective actions are described in the methods and should be 
followed by the laboratory personnel. 
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Laboratory personnel are alerted that corrective action may be necessary if: 

QC data are outside the warning or acceptance window for precision or 
accuracy. 
Blanks contain target analytes above acceptable levels. 
Undesirable trends are detected in spike recoveries or RPD between 
duplicates. 
There are unusual changes in detection limits. 
Inquiries concerning data quality arereceived. 
Deficiencies are detected by the QA Department during internal or external 
audits or from the results of performance evaluation samples. 

Corrective action procedures are often handled at the bench level by the analyst, who 
reviews the preparation or extraction procedure for possible errors, checks the instrument 
calibration, spike and calibration mixes, instrument sensitivity, and so on. If the problem 
persists or cannot be identified, the matter is referred to the laboratory supervisor and the 
QA Department for further investigation. Once resolved, full documentation of the 
corrective action procedure is filed with the QA Department and the CLEAN and Site QA 
Manager. 
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13.0 PERFORMANCE AND SYSTEM AUDITS 

Performance and system audits of field and laboratory activities will be conducted to verify 
that sampling and analysis are performed in accordance with the procedures established 
in the Work Plan and QAPP. The audits of field and laboratory activities include internal 
and external audits. 

13.1 FIELD AUDIT8 

Internal audits of field activities (sampling and measurements) will be conducted by the 
Project Manager. The audits will include examination of field sampling records, sample 
collection, handling and packaging in compliance with the established procedures, and 
chain of custody. These audits will occur at the onset of the project to verify that all 
established procedures are followed. Follow-up audits will be conducted to correct 
deficiencies and to verify that QA procedures are maintained throughout the inspection. 
The audits will involve review of field measurement records and sample documentation. 

External audits may be conducted by the Navy or USEPA. 

13.2 LABORATORY AUDITS 

The performance and system audits of the laboratory will be conducted as part of the 
laboratory’s participation in the USEPA contract lab program. Additional audits may be 
conducted by the QA Manager and/or Project Manager based upon the review of monthly 
progress reports. The system audits, which will be performed on an annual basis, will 
include examination of laboratory documentation on sample receiving, sample log-in, 
sample storage, chain of custody procedure, sample preparation and analysis, instrument 
operating records, etc. The performance audits will be conducted at least annually and 
may be conducted on a quarterly basis. The analytical results of performance samples will 
be evaluated to ensure the laboratory maintains a good performance. 

External performance and system audits of the laboratory selected for the project may be 
conducted by the USEPA. 

D:\CT0760l\QAPPl\TEXT 
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14.0 QUALITY ASSURANCE REPORTS 

A summary QA report will be prepared for the analytical results by the QA Manager or 
designee and submitted to the Project Manager. This QA report will include an 
assessment of data quality based upon the quality control data, as well as an account of 
any significant QA problems encountered and corrective actions taken. This report will be 
in writing and provided as a final report to the Project Manager. 

The summary QA report c:ontents will include: 

9 Any deviations from the QAPP. 
l Summary of the QA/QC program. 
. Data quality assessment in terms of precision, accuracy, and completeness. 
l Conformance of data quality to QAPP requirements. 
l An indication of whether the QA objectives were met. 
l A discussion of the limitations on use of the data collected, as applicable, 
l Significance of any QA/QC problems encountered, recommended solutions, 

and results of corrective action. 
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1.1 INTRODUCTION 
n Establishment of and adherence to, carefully 
designed protocols for specific measurement pro- 

(SWLO) to address various client and contract 
requirements necessary to provide service as an n The consistent use of qualified personnel, 
analytical laboratory. It details laboratory proce- 
dures with emphasis on the Quality Assurance/ H Reliable and well-maintained equipment, 
Quality Control (QA/QC) requirements based on 
EPA guidelines for the analysis of multimedia n Appropriate calibrations and standards, 
samples for a broad range, of inorganic and organic” 
contaminants. It reflects the necessary specifica- n The close supervision of all operations by 
tions to assure accuracy, precision, completeness, management and senior personnel. 
representativeness, and comparability on all tasks 
of the contract or project. The purpose of this When properly conceived and executed, a quality 
plan is to assure that data of the highest quality are control program will result in a measurement 
being reported by SWLQ. system operatmg in a state of statistical control, 

which means e:rrors have been reduced to accept- 
able levels and have been characterized statistically. 

1.2 DEFINITION OF TERMS 

Qualfty Assurance Qualfty Assessment 

A quality assurance program is an essential part of Quality assessment includes a variety of tech- 

a sound analytical protocol used by individuals niques required to assess the quality of the 

and laboratories to detect and correct problems in measurement process and the results. The estab- 

the measurement process or to demonstrate at- lishment of a system of “control charts” is a basic 

tainment of a state of statistical control. The principle. Control charts are plots of multiple 

objective of a quality asstrrance program in analysis data points from the same or similar samples or 

is to reduce measurement errors to agreed-upon processes versus time. They are used to determine 

limits and to produce results of acceptable quality. if a system is in a state of statistical control. 

Two concepts are involved in quality assurance: Control charts should be used to visualize or 

(1) quality control, the mechanism established to monitor the relative variability of repetitive data. 

control errors, (2) quality assessment, the system They can be used with reference materials, spiked 

used to verify that the analysis is operating within samples, and the analysis of surrogates as a means 

acceptable limits. to assessing the accuracy of measurements. 

Qualfty Control Quality Assessment 
Procedures 

A quality control program includes the following: 
Procedures used to assess the effectiveness of the 

n Development of and strict adherence to prin- quality control system include: 

ciples of good laboratory practice, 
(a) Internal Performance Audits--conducted by 

n Consistent use of stiandard operation proce- the use of control samples, replicate measure- 

dures, ments and use of reference materials in 
conjunction with control charts 



(b) External Performance Audits-conducted by 
the use of inter-laboratory checks such as: 

m Participation in laboratory evaluation pro- 
grams; State Programs (Utah, Florida, California, 
Oklahoma, etc.), and Corps of Engineers D.E.R.A. 
Program. 

n Participation in performance evaluation 
samples available from EPA (WP & WS Studies). 

Quaflty Assessment 
Procedure Summary -’ 

A simplified working document or chart which 
enables one to preview the basic quality control 
program and its effectiveness shall be maintained 
on a daily basis. The followiing parameters are to 
be tracked: 

n Areas of the internal standard for all samples, 

m Surrogate spike recovery for all samples, 

m Matrix spike and matrix spike duplicate sample 
results for accuracy and precision. 

QA Organlzatfon 

Assembled data shall be reviewed by the Project 
Officer before technical comlpilation into contract 
deliverables. Final review of about 20% of the 
assembled deliverables package is performed by 
the Quality Assurance Officer (QA Officer). 

Data Qu(ality 

Data quality is the totality of features and charac- 
teristics of data that bear on their ability to satisfy 
a given purpose. Parameters of major importance 
are accuracy, precision, comlpleteness, representa- 
tiveness, and comparability. These are defined as 
follows: 

(a) Accuracy - The degree of the difference be- 
tween measured or calculated values and true 
value. 

(b) Precision - The repro8ducibility or degree of 
agreement among replicate measurements of I 

the same quantity. 

(c) Completeness - The percentage of valid data 
obtained from a measurement system. 

(d) Representativeness - The degree to which the 
data accurately represent a characteristic of a 
population, parameter variations at a sam- 
pling point, a process condition, or an 
environmental condition. 

(e) Comparability - The confidence with which 
one data set can be compared to another. 

1.3 OR~AN~IZATION AND 
RESPONS1MLITIES 

Corporate Organiratfon 

SWL is located at 1700 West Albany, Broken 
Arrow, Oklahoma 74012, with additional facilities 
located in Tulsa, Oklahoma, Cushing Oklahoma, 
Baton Rouge, Louisiana, and St. Louis, Missouri. 

Specific QA/QC responsibilities are summarized 
in the following subsections. Figure 1.1 shows the 
line-staff relationships within the laboratory. 

Laboratory Dfrector 

The Laboratory Director has overall responsibility 
for the technical quality, cost control, laboratory 
personnel management, and adherence to project 
schedules. His overall management involves the 
quality assurance of the following items: 

n Delivery order/work assignments 

n Adherence to delivery schedules 

n Deliverable reports 
n Subcontractor work product if required 

n Project/contract cost control and accounting 

n Task perform.ance of key personnel 



LABORATORY 

Richard Ronan. Ph 0 

Bryon Landfroop 

Jason Ruckman 
*M-F- 

John Wnghr 
Am-- 

l 

COMPUTER 
SERVICES 
Bob West 1 Keith Cooper 

Scoii Danks 
James Velt 

GLASSWARE PREP. 
Diana Baker 

Stephanie Gruver 
Susan Pohl 

ICP METALS 
bnda Martin 
James Webb 

Eric Vldacovich 

\’ L 
AA FURNt\CE 

METALS 
Deborah Beree 
Susan Collins 

Gary Kldd 
Corey Shoenewe 
Sharon Rhoades 

WET 
CHEMISTRY 
Los Beckett 

Lisa Morrson 
Glana Flora 

Trsvts GIllund 

GLASSWARE PREP. 
TIffany Benshoof 

Emeltne Bauder 

Deooran Crandafl 
Sandy Tackecl 

Penny rhompson 

Janet Wllllamson 

Grovensteln Joseph Akuoko 

FIGURE 1 .l 
Laboratory Organizational Chart 

EXTRACTIONS 
LABORATORY 

Desmond Foster 

~- 
1 Otto Simpson 
1 Tim Rutledge 

RKkki AgimuQe 
David Loper 

Jeffrey Cummtns 
Kayla Rrcherson 

Huan BUI 
Mike Thscker 

Tiffany Benshool 
Chns Strouse 

Jason McCaslm 
, 

Laboratory Manager Quality Assurance Officer 

The Laboratory Manager assists the Laboratory 
Director as the need arises, and is closely involved 
with the day-to-day activities of sample prepara- 
tion/analyses. The Labora.tory Manager coordinates 
all laboratory activities necessary to fulfill contract 
requirements. 

The QA Officer is responsible for monitoring the 
quality of laboratory work and taking approprde 
actions to ensure that quality standards are being 
met. The QA Officer reports directly ts the 
Laboratory Manager in reviewing the wmk of 
teams and individuals. The QA Officer is respon- 
sible for the following: 



H Preparing and overseeing the preparation of 
the laboratory QA/QC pla:n; 

n Establishing QC procedures and setting warn- 
ing and action limits for every test or parameter to 
standardize laboratory operation for quality per- 
formance; 
n Coordinating State & Federal Performance 
Evaluation Studies. 

H Monitoring compliance with the laboratory’s 
QNQC plan by: 

1. Reviewing Q&elated activities and docu- 
mentation for completeness in accordance”’ 
with the QA/QC plan 

2. Identifying and referring any instances in 
which the QA/QC objectives are not being 
met to Group Leaders or Laboratory Supervi- 
sors for remedial and/or corrective action. 

Analytical Program Manager 

The Analytical Program Manager oversees the 
primary functions of this group: sample control, 
document control, data management, and client 
services. The Program Manager provides supervi- 
sion and guidelines for sample handling and storage 
prior to analyses, maintenance of project files, 
data entries into the computer system after sample 
analysis, and quality review of the final data 
deliverables. Under the Program Manager, the 
following personnel play a vital role in the QA/QC 
program: 

n Project Officer (PO) -’ responsibilities include 
direct client representation within the laboratory. 
The PO acts in an advocacy role for the client. As 
needed, the PO will review with clients the techni- 
cal aspects of the analytical results and how they 
relate to the needs of the client. The PO will 
monitor all analytical projects as they progress 
through the laboratory. 

n Sample Custodian (SC) - handles all sample 
receipt, adheres to chain-of-custody procedures, 
does computerized sample log-in, assigns secure 
sample storage for samples and initiates the set-up 

of the project file. The SC is responsible for 
maintaining the integrity andvalidity of the samples. I 

m Data Clerk - responsibilities include: docu- 
ment organization, assembly of all documents 
relating to contracts or projects (including project 
file and analytical file) to ensure clerical veracity 
during data-handling, data assembly, and data 
report production. 

Inorganic a’nd Organic 
Supwvispors 

These Laboratory Supervisors have primary re- 
sponsibility for the technical quality of all data 
generated within their respective sections. In 
addition they are responsible for the adherence to 
delivery schedules, management and utilization of 
manpower and the technical aspects of all Stan- 
dard Operating Procedures (SOPS). 

Systems Manager 

Responsible for the management and quality con- 
trol of all computing systems (hardware, software, 
documentation and procedures), generating, up- 
dating, and performing quality control reviews of 
automated deliverables. 

Programmer Analyst 

Responsible for the installation, operation, and 
maintenance of software and programs, generat- 
ing, updating and performing quality control 
reviews of ana.lytical databases and automated 
deliverables. 

1.4 CERTIFIGAT~ONS AND 
ACCREDITATIONS 

The SWLO laboratory has participated in avail- 
able certification programs pertaining to 
environmental chemistry. Table 1.2 lists the vari- 
ous certifications and accreditation programs in 
which SWLO participates. 



1.5 EQUIPMENT AND 
SUPPLIES 

Procurement and Inventory 

To assure a good 1abo:ratory quality assurance 
program in the procurement of equipment and 
supplies, SWLO has established criteria and speci- 
fications for the purchase of important pieces of 
equipment. Factors such as cost, volume of work, 
ease of operation, inherent accuracy, expected 
equipment lifetime, length and condition of wap 
ranties or service contracts, expected downtime 
and repair costs are considered in the basis of 
selection. The increased1 usage of electronic ana- 
lytical instruments has iImproved the quality and 
quantity of data and has increased productivity. 

Control of materials (i.e., reagents, standards, 
solvents, etc.) and glassw,are used in the analyses is 
maintained as part of the quality assurance pro- 
gram. Reagents & Solvents are analyzed prior to 
use to verify purity; documentation of these analy- 
ses are maintained. Lot numbers are recorded on 
extraction logs to facilitiate the tracking of these 
items. All reagents are dated as they are received 
and when they are opened to ensure systematic 
use. The identity, purity, shelf-life, source, tests to 
be conducted for quality and purity, storage and 
handling procedures, and replacement dates are 
factors that are considered in making purchase 
requisitions. 

Before any purchases are made, purchase requisi- 
tion orders and requests are checked and verified 
by the Laboratory Supervisors. Approval for such 
purchases is made by the Laboratory Supervisors, 
and the Laboratory Director. 

Equipment Management 

Information on performance of the equipment is 
obtained before a purchase request is made. Ser- 
vice availability for installation specification and 
verification is considered in purchase negotiation. 
When the instrument/equipment is installed, an 
internal calibration is made on the instrument to 
meet manufacturer’s specifications. Calibration 
checks are done by using analytical reference stan- 
dards for qualitative and quantitative checks to 
verify instrument performance during the sample 

run. Routine preventive &tenance of the 
instruments or equipment is m&e on a regular 
basis. Section 9.2 disc- preventive mainte- 
nance employed by the diffewlaboratorysections 
to ensure instrument/equ working condi- 
tions. 

The laboratory maintains s&icient inventory of 
analysis and/or testing eqet to meet client 
requirements for analytic& setices, Table 1.3 
contains current lists of insltrtlmentation and asso- 
ciated equipment which the laboratory uses in 
providing analytical servim 

Supplies Manaybstmsnt 

Materials, reagents, solvenls, and gases are care- 
fully selected to meet specifications as prescribed 
by the method of analyses. E&I new supply of 
these items is verified for p&ormance cap.&ility 
based on the required cert%ied assay/analysis of 
chemicals and freedom from %urities that would 
interfere with the analysis. &&ground levels are 
measured to check the degee of contamination. 
In storage, these items are protected from degra- 
dation and contamination though conformance 
of storage requirements oxxording to the 
manufacturer’s directions a&r individual method 
of analysis. Solvents used fur extraction are pre- 
analyzed to determine impurities that might 
interfere with the analytes of&rest. (See Ap- 
pendix D for Standard Opsdting Procedures for 
Checking Analytical Solvesds). Standards and 
reagents are dated upon rectipt, and the date of 
expiration recorded. This mure establishes 
the order of use and elimimes &e possibility of 
exceeding shelf-life. (See Appendix D for Stan- 
dard OperatingProcedurefor%andardExpiration) 

Source of Stand;Ear;d Reagents 

Primary standards and/or mk saandards are ob- 
tained from a reliable, cer&?iable source and are 
high purity. Standards are prchased from ap- 
proved commercial vendorsda&hemServices, 
Fisher Scientific, Supelco, Ntrex efc., for use in 
all analytical testing. St&ards are protected 
from degradation, deteriortion, and contamina- 
tion based on storage requirements (e.g. 
polyethylene (containers for aura% solutions, gkiSS 



containers for organics and brown glass for light- 
sensitive solutions; tem.perature storage and 
segregation of standards based on reactivity). Pre- 
pared commercial standards are verified against 
certified standard reference materials, (SRM) from 
EPA or NBS for traceability. (See Appendix D for 
Standard Operating Procedure for Traceability of 
Standards) 

Stock and working standard solutions are pre- 
pared fresh as required by their stability, and are 
checked regularly for signs of deterioration, (i.e., 
discoloration, formation of precipitates, and 
changes in concentration). Standard solutions are 
labeled with compound name, concentration, sol:. 
vent, date of preparation, and preparer. (See 
Appendix D for StandarId Operating Procedure 
for Standard Expiration) 

Glassware 

Class A volumetric glassware is used by the labora- 
tory for measuring trace constituents in both 
inorganic and organic analysis. 

Laboratory contamination is minimized through 
implementation of a standard operating proce- 
dure (SOP) for glassware ;and labware cleaning. It 
is followed to ensure the removal of all traces of 
parameters of interest and contaminants that could 
interfere with analysis. (See Appendix D for 
Standard Operating Procedure for Glassware and 
Labware Cleaning) 

Reagents, Solvents and Gases 

Chemical reagents aside from the primary stan- 
dard reagents, solvents and gases are carefully 
selected to conform to specifications defined in 
the method of analyses. Selection is based on the 
required priority for parameters being measured, 
sensitivity of the methocl and specificity of the 
detection system (i.e., AA, ICAP, GC-ED, GUMS). 

Laboratory reagents obtained from approved com- 
mercial vendors shall meet ACS standards and are 
labeled indicating contents, date of receipt or 
preparation, and expiration. Hazardous reagents 
are adequately labeled and stored segregated from 
the rest of the reagents to indicate type and degree 
of hazard. (See Appendix D for Standard Operat- 
ing Procedure for Standard Expiration) 

Solvents to be used for extraction are pre-analyzed 
to detect the presence of impurities which might 
possibly interfere with analytes of interest. When 
a particular lot is found to be acceptable, the 
manufacturer is notified to set aside a specified 
number of cases of this lot for SWLO laboratory 
usage. The solvent is checked on a regular basis to 
ensure high level of solvent quality control is 
maintained within the lot. (See Appendix D for 
Standard Operating Procedure for Checking Ana- 
lytical Solvents). All solvents are dated upon 
receipt and again upon opening to ensure first-in 
- first out useage. Solvent bottles are stored in a 
grounded flameable liquid storage cabinet. 

Gases used in inorganic and organic analyses are of 
commercial grade or are laboratory-supplied gases. 
For organic analyses, the type of detection (i.e., 
GC-EC, Hall, GC-FID, GCiMS) used affects gas 
quality requirement. Molecular sieves carrier-gas 
filters, and drying tubes are required on combus- 
tion gases to improve quality. Gas cylinders are 
immediately replaced when the pressure falls to 
100-200 pounds per square inch (psi) to minimize 
detector contamination that will affect sensitivity 
of the detector. 

Laboratory Rieagcarnt Water 

ASTM Type II water is used in the laboratory for 
dilution, preparation of reagent solutions and 
final rinsing of glassware. It is free from interfer- 
ences and other contaminants. After passing 
through two ion exchange canisters and one car- 
bon filter canister, water purity is monitored by an 
indicator light at each outlet and at the filtration 
apparatus. (See Appendix D, Preparation and 
QA/QC for the Laboratory Water Supply) 

Compreessed Air 

Compressed air is employed mainly in instruments 
using GC oven-door control and autosamplers. 
Absorption filters are installed between the outlet 
and the point of use to trap oil, moisture, and 
other contaminants entering the compressed air 
transfer lines. These lines are checked periodically 
for the presence of moisture and contaminants 
and are replaced as soon as moisture is detected. 



Hood System 

An efficient hood system is necessary to remove 
the various toxic and hazardous fumes that may be 
generated when using organic solvents or that may 
be formed during an acid digestion step. It is also 
used to remove toxic gases that may be formed 
during atomic absorption analysis reactions. The 
laboratory fume hood face velocity is regularly 
checked every four months for optimum face ve- 
locity. 

Electrical Services -’ 

The laboratory electrical system provides adequate 
and constant voltage, appropriate grounding, and 
efficient lighting which is required for satisfactory 
lighting, proper functioning of sensitive instru- 
ments and operation of high-current devices. A 
licensed electrical contractor provides repairs and 
services in the event of a power failure or electrical 
problems. 

individual program, SWLO’s general objectives 
are: 

B Data should be accurate in terms of their 
agreement with a reference or true values. 

n Data should be precise in that there is agree- 
ment among individual measurements made under 
similar condition 

n Data should be complete in terms of the 
amount of data available vs. the amount of data 
evaluated. 

n Data should be comparable to prior relevant 
data for evaluation and testing purposes. 

n Data should be representative of the overall 
population or data base of parameter measure- 
ments. 

n Data should be reproducibly obtainable under 
similar conditions, whether generated by the 
SWLO or another firm. 

Computer Capabilities H Upgrade the overall quaiity of laboratoay per- 
formance. 

Computer systems in current use include the fol- 
lowing: 

All of the above objectives are ensured by the QA/ 
QC program which monitors all phases of data 

n Microcomputers - (IBM, AT, XT, Compaq, 
generation, ranging from sample collection to 

etc.) are used primarily for data processing. These 
sample handling, to the actual analysis and data 

may also be directly interfaced with instrumenta- 
reporting that involves measurements of both in- 

tion. 
organic and organic constituents. These procedures 
will be followed by all personnel and will routinely 

# Minicomputers - Used primarily for instru- 
be reviewed by both the Laboratory Director and 

ment control. 
QA Officer. 

n LIMS System - A laboratory information 
management system. This system is attached to 
our local area network system and is used for 
sample log-in, sample tradking, data reports, in- 
voicing, and management reports. 

1.6 QUALITY ASSURANCE 
OBJECTIVES 

The purpose of SWLO’s quality assurance plan is 
to ensure that the laboratory provides high-quality 
and cost-effective services and products to its 
clients. Although specific quality assurance pro- 
cedures will be designed to meet the needs of each 

Scope and Approach ReCatfng 
to Measurement of Data in 

Terms of Preolision, pbcuracy, 
CompleWness, 

Representatlveness, and 
ComparabWty 

The laboratory scope and approach Eo produce 
data of known and sufficient quality are descried 
in this section. Guidelines are provided for the 
assessment and reporting of data quality for any 
environmentally related measurements, and for 
the incorporation of such assessments into major 
environmental data bases. 



Controlled sample receiving, logging, and track- ated by the comparison of the percent recovery of 
ing throughout the.length of the project/contract the QC reference material of known or established I 

is maintained to ensure sample integrity through- 
out the sample analysis scheme. Documentation 
of instrument performance and preventive main- 
tenance is used to provide a permanent record for 
data validation. SWLO routinely checks the qual- 
ity of analytical work through analysis of quality 
control (QC) reference samples, duplicate samples, 
or matrix spike duplicate and spike samples. 

Accuracy .I 
The accuracy of the measurement data is evalu- 

concentration, independent of routine calibra- 
tion. Statistically based corrtrol limits are 
established for each me’thod of analysis and sample 
matrix. A spike sample is analyzed routinely for 
each batch of 20 samples (5%) and are dependent 
upon the sample matrix, method of analysis and 
concentration level. A more frequent analysis is 
performed (i.e., one in 10 samples) on a contract- 
specific basis. Recoveries are assessed to determine 
method efficiency and matrix interference effects. 
Analytical accuracy is expressed as the percent of 
recovery of an analyte/parameter which has been 
added to the environmental samples at a known 
concentration before preparation and analysis. 
The equation used to calculate percent recovery is 

GCfTvlS , I , , , ,J , , “r; D, VOplLES , 

II- 

f I INC)RGANIC 
I 

EXTRACTIONS 

I FIGURE 1.2 
Layout of AkiTS’s 

ADMINISTRATION 



as follows: 

Percent (Spike Sample Result - Sample Result] x I 00 
Recovery = 

Amount of Spike Added 

Precision 

The laboratory uses matrix spike duplicates or 
duplicate sample analysis to assess precision. A 
matrix spike duplicate or a duplicate sample is 
analyzed for each batch of 20 samples (5%) for in- 
house QC and is dependent upon the sample’ 
matrix and method of analysis. A more frequent 
analysis is performed (i.e., one in 10 samples) on 
a contract-specific basis. The basic precision sta- 
tistics obtained from the m.ultiple batch frequency 
may be compared to develop a graph assessment 
(using control limits) for given sample matrix. 

Analytical precision is expressed as a percentage 
of the difference between the results of two matrix 
spike samples or two duplicate sample analysis for 
a given analyte. Relative percent difference (RPD) 
is calculated as follows: 

RPD = 
(MS Result - MS Duphcate Result) x I 00 

Mean of MS (and MS Duplrcate Results 

where MS denotes Matrix Spike. 

or 

Sample Duplicate 

Result - Result > 
x I 00 

RPD = 
Mean of Sample and Dupltcate Results 

Completeness 

For the data to be valid, it must meet all the 
acceptance criteria including accuracy, precision 
and any other criteria specified by the analytical 
method used. Data validation procedures are 
employed to minimize the amount of bad data 
from getting through data collection. 

While the quality objective is to obtain the great- 
est accuracy and precision, the specific accuracy/ 
precision level is dependent on the method of 
analysis and type of sample matrix. The laboratory 
historical statistical control limits (see Appendix 
E) are used as guidelines to validate the data 
generated unless client or contract requirements 
set more stringent criteria. 

Representattveness 

Data generated by the laboratory shall be repre- 
sentative of the overall population of samples 
collected and analyzed. Et shall be representative 
of the laboratory data base of accuracy and preci- 
sion measurements of the particular parameter(s), 
matrix and analytical method. If the same results 
are reproducible, the data can be said to represent 
the environmental condition. 

Comparability 

Data generated shall be used to evaluate com- 
pleteness of extensive monitoring programs and 
testing purposes based ou the previous data mea- 
surements of parameters, matrix and analytical 
method. It shall be comparable to data sets 
recorded in the past to check for historical consis- 
tency. In order to maximize its usefulness, data 
shall be reported in appropriate units and in a 
consistent manner. Appropriate units are in ac- 
cordance with the requirements stated in the 
October 26, 1984, proposed rules 40 CFR, Part 
136, Guidelines Establishinn Test Procedures for 
the Analvsis of Pollutanlkg. Data should be repro- 
ducible under similar conditions whether generated 
by the laboratory or another firm. 
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TABLE 1.0 I ., ” 

Technbal Staff and Experience 

RICHARD J. RONAN 
Laboratory Director 

PhD, Inorganic Chemistry 
GUMS ...................................................... 2 years 
ICP .......................................................... 20 years 
Gas Chromatography ............................ 15 years 
Atomic Absorption ............................... 20 years 
Data Review ........................................... 20 years” 
Inorganic Analysis ................................. 20 years 

ROBERT HARRIS, Laboratory Manager 
B.S., Microbiology 

GUMS ...................................................... 4 years 
ICP .............................................................. 1 year 
Purge and Trap ........................................ 3years 
Gas Chromatography ............................ 10 years 
Atomic Absorption ............................... 15 years 
Sample Preparation ........ ....................... 15 years 
Data Review ........................................... 15 years 

DR. JAYANT SHRINGARPURE 
Technical Dlrector 

Ph.D., Organic Chemistry 
GUMS .................................................... 12 years 
Purge 82 Trap ......................................... 12 years 
Gas Chromatography ..*., ........................ 15 years 
High Perf. Liquid Chromatography ..... .5 years 
Sample Preparation ................................. 5 years 
Data Review ............................................ 12 years 

CHUCK HOOVER, QA/QC Officer 
B.A., Biology, (Chemistry Minor) 

GUMS ....................................................... 2 years 
Purge and Trap ........................................ 2 years 
Gas Chromatography .............................. 5 years 
Atomic Absorption ................................. 4years 
Sample Preparation ................................. 8 years 
Data Review ............................................. 6 years 

HARRY BORG, Organic Program Mgr. 
B.A., Chemistry/Minor: Physics, Math 

GUMS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 years 
Purge & Trap . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 year 
Gas Chromatography . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 years 
Atomic Absorption . . . . . ..I................... l-l/2 years 
Sample Preparation . . . . . . . ..*.......**............. 2 years 
1ata Review . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 years 
norganic Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-l/2 years 
I&h Perf. Liq. Chromatography . . . . . l-l/2 years 

I 
I 
1 

I DAUL DANIELLO, Ass. Organic Prog. Mgr. 
B.A., Biology 

X/MS ,...............,..........“.......................... 9 years 
‘urge & Trap . . . . . . . . . . . . . . . . . . ..*.................... 11 years 
Sas Chromatography . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11 years 
sample Preparation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11 years 

MARK SMITH, Organic Data Manager 
B.S., Chemistry 

GUMS ...................................................... 5 years 
Purge & Trap ........................................... 5 years 
Sample Preparation .................................. 1 year 
Data Review ............................................. 3 years 
Inorganic Analysis ................................ 0.5 years 

DARYL ALSTATT, Project Officer 
B.A., Chemistry 

Sample Preparation ................................. 5 years 
Data Review ............................................. 4 years 
Inorganic Analysis ................................... 5 years 

KEITH SIMS, Project Officer 
B.S., Biology, (Chemistry Minor) 

ICP ............................................................ 4 years 
Atomic Absorption ............................... 10 years 
Sample Preparation ............................... 12 years 

RANDY STAGGS, Project Officer 
B.S., Biology 

Gas Chromatography .............................. 3 years 
Atomic Absorption ................................. 5Y-s 
Sample Preparation ............................ ..- .. 5 years 
Data Review ........................................... 10 years 
Inorganic Analysis ................................. 15 years 



. ,, 

JASON RUCKMAN 
lnorganlcs Program Menager 

B.S., Chemistry 
ICP o........................................................... 4 years 
Atomic Absorption *................................ 5 years 
Sample Preparation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 years 
Data Review .,.....,,..........,.....,...,............... 4 years 

JOHN WRIGHT 
Asst. lnorgank Prog. Manager 

B.S., Chemistry 
Atomic Absorption I....,........................... 3 years 
Sample Preparation a................................ 3 years 
Data Review . . . . . . . . . . ..*...............*................ 3 years-, 
Inorganic Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 year 
ICP . . . . . . . . . . . . . . . . . . . . . . . . . ..~................................ 2 years 

LOIS BECKET, Inorganic Analysis 
B.A., Chemistry 

Gas Chromatography .............................. 2 years 
Atomic Absorption ................................. 3 years 
Sample Preparation ............................... 12 years 
Inorganic Analysis ................................. 16 years 
Organic Extractions ................................ 5 years 

DEBORAH BEREE, Wet Chemistry 
B.S., Biochemistry 

Atomic Absorption . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 years 
Inorganic Analysis ..*................................ 2 years 

SUSAN COLUNS, AA Furnace 
A.S., Chemistry (pending Y92) 

ICP .............................................................. 1 year 
Gas Chromatography .............................. 2 years 
Atomic Absorption ............................... 11 years 
Data Review ........................................... 10 years 
Inorganic Analysis ................................ 10 years 
High Per-f. Liq. Chromatography.. ........... 1 year 

DIANA FLORA, Inorganic Analysis 
H.S. Diploma 

Inorganic Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 year 
Sample Preparation .*............................... 2 years 

GARY KIDD, AA Furnace 
H.S. Diploma 

Atomic Absorption . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 years 
Sample Preparation . . . . ..I.......................... 2 years 
Inorganic Analysis . . . . . . ..I.......................... 2 years 

LISA MORRISON, Inorganic Analysis 
H-S. Diploma 

Sample Preparation . . . . . . . . . . . . . ..o................. 3 years 
Inorganic Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 years 

COREY SHOENEWE, AA Furnace 
B.S., Biomedical Science 

Sample Preparation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 year 
Atomic Absorption . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 year 

JAMES WEBB, AA Furnace 
B.S., Biology 

Atomic Absorption . . . . . . . . . . . . . . ..f................ 6 years 

ERIC VIDACOVICH 
ICP Trace Analyels 

3 years college, Biology/Chemistry 
ICP . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 years 
Atomic Absorption . . . . . . . . . . . . . . . . 8 years 
Sample Preparation ..,............. 8 years 
Data Review . . . . . . . . . . . . . . . . . . . . . . 6 years 

GINA JACKSON. 
GC/MS Volatile Organlcs S&Ion Supv. 

B.S., Chemistry 
GUMS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 years 
Purge & Trap . . . . . . . . . . . . ..“.............................. 1 year 
Sample Preparation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 year 

SAM ALEXANDER, GC/MS Laboratory 
B.S. Chemistry 

GUMS . . . . . . . . . . . . . . . . . ..f.................................. 2 years 
Gas Chromatography . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 years 
Atomic Absorption ,................................ 3 years 
Sample Preparation .,..“............................ 3 years 
Data Review . . . . . . . . . . . . . . ..*............................ 3 years 

REBECCA FEE, GC/MS Laboratory 
B.S., Chemistry 

GUMS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 years 
Purge & Trap .,..............................-......... 5ye= 
Gas Chromatography . . . . . . . . . . . . . . . . . . . . . . . ..-. 3 years 
High Perf. Liq. Chorm . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 years 

MAUREEN RYMAS, GC/MS Laboratory 
Certified Lab Technician 

GUMS ........................................................ 1 year 
ICP ............................................................ 2yeax-s 
Atomic Absorption .f.............-...-~- ....... 4years 
Sample Preparation ............ ..U ............... 4 years 
Purge & Trap ............................................. 1 year 



JANEf WILLIAM&ON, GC/MS Laboratory 
M.S., Analytical Chemistry 

GUMS ...................................................... 5 years 
Purge & Trap ........................................... 3 years 
Gas Chromatography ............................ 10 years 
High Perf. L,iq. Chromatography.. ......... 3 years 
Atomic Absorption ................................. 2 years 
Sample Preparation ................................. 6 years 
Data Review ............................................. 4 years 

BILL KEETH, GC/MS Laboratory 
Sr. Analyst, Semlvolatlle Organlcs 

B.S., Chemistry 
GUMS ,....,.,,......,,,.........,,,........................ 6 years- 
Purge & Trap . . ..O...“.................................... 1 year 
Atomic Absorption . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 years 

DOUG ANDERSON, GC/MS Laboratory 
B.S., Natural Science 

Sample Preparation ..,..,...............,........... 2 years 
GUMS . . . . . . ..O..........“~................................... 1 year 

LINDA GODBOLD, GC/MS Laboratory 
AS., Medicatl Technology 

GC/MS ,..................*.................................. 3 years 

SANDY GROVENSTEIN, GC/MS Laborstory 
B.S., 13iology 

GUMS . . . . . . . ..o.......................................... 10 years 
Data Review ,,............,.......,...................... 8 years 
Gas Chromatography . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14 years 
Atomic Absorption . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 years 
High Performance Liquid Chromatog. . 4 years 

DIANA HOKE, GC/MS Laboratory 
B.A. Chemistry 

GUMS . . . . . . . . . . . . . . . . . ..“.................................. 6 years 
Data Review . . . . . ..*..................................... 6 years 
Purge & Trap .,.,.,...f................................. 6 years 
Gas Chromatography . . . . . . . . . ..*.................. 6 years 
Sample Prep . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 years 
Wet Chemistry . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.5 years 

SERETHA PAVEY, GC/MS Laboratory 
B.A. Mathematics, A.S. Chemistry 

GUMS . . . . ..o................................................. 1 year 

ANN WADE, GC/MS Laboratory 
B.S., Environmental Health 

GUMS ,............................,..................... 3.5 years 
Gas Chromatography . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 years 
Sample Preparation ..,............................... 4 years 
Purge & Trap . . . . . . . . . ..I............................ 3.5 years 
Purge & Trap Data Review . . . . . . . . . . . . . . . . . 3.5 years 
Atomic Absorption .“................................. 1 year 

XIANGQUI LAN@ GeC/MS LABORATORY 1,. ,, 
Hlgh Res Ma$s Spat Operator 

M.S. , Chemistry 
High Res GUMS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 years 
Gas Chromatography . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3years 
Purge & Trap 3years . . . . . . . . . . . ..o............................. 
Data Review . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3yean 

VICKI L. HALL, 
GC Laboratory Setilonhqervisor 

M.S., Chemistry 
ICP .............................................................. 1 year 
Gas Chromatography .............................. 7ye=s 
High Performance tiq. Chromatography1 year 
Sample Preparation ................................. 2Y- 
Data Review ............................................. 3 years 

PAUL BEEBE, GC Laboratory 
B.S., Biology 

Sample Preparation ................................... 1 year 
Gas Chromatography ............................. training 

BRETT DEES, GC Laboratory 
B.S., Biology/Minor: Chemistry 

GUMS ........................................................ 1 year 
Gas Chromatography .............................. 3years 
Sample Preparation ................................... 1 year 
Data Review ............................................. 2years 

CARL KERKEMEYER, GC Laboratory 
B.S., Chemistry 

Gas Chromatography ............................ 10 years 
Sample Preparation ................................. 3years 

LISA MALONE, GC Operator 
B.A., Poly. Sci. 

Gas Chromatography ........................... ..-. Iye= 
Sample Preparation ................................ ixaining 
Data Review ............................................. . Iyear 

DENISE PETERSON, GC Laboratmy 
A.S., Environmental Lab Chemistry 

Gas Chromatography .............................. 4Y-rs 
Atomic Absorption ................................... Iyear 
Sample Preparation ................................. 2F= 
Data Review ............................................. 5 years 
Inorganic Analysis ..................................... IF= 
High Per-f. Liq. Chromatography.. ......... 5 years 

PHUONG VO, GC Laboratory 
B.S., Biology 

Gas Chromatography .............................. 2 yearS 
High Per-f. Liq. Chromatography.. ......... 2 yeam 

I 



SHAHRIAR “ALI” SHAHREZA, GC Lab 
B.S., Biology/Chemistry 

Gas Chromatography . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 years 
High Performance Liq. Chromatography . . . . . . . . 4 
years 
Atomic Absorption . . . . . . ..I........................... 1 year 
Sample Preparation ,....,..<I........................ 4 years 
Data Review .*................*.<,...................-..*. 3 years 

BRYCE SMITH, GC Laboratory 
B.S., Zoology 

Sample Preparation ,....,..,......................... 3 years 
Data Reveiw . . . . . . . . . . . ..t................................ 3 years 
Inorganic Analysis . . . . . . . . . ..“.......................... 1 year. 
Gas Chromatography . . . . ..s........................ 3 years 

DESMOND FOSTER, 
Extractions Lab Supi. 

H-S. Diploma 
Sample Preparation . . . . . . . ..I...................... 13 years 
Inorganic Analysis L.........,........................ 5 years 

RICKKI AGIMUDIE, Ektractlons Labora- 
tori/ 

A-S., Drafting 
Sample Preparation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 years 

HUAN BUI, Extractions Lab 
B.S., Chemistry 

Sample Preparation . . . . . . ..a....................... training 
GC/MS .I...................................... college training 
GC . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..a.......... college training 

JEFF CUMMINS, Extractions Lab 
B.S., Chemistry 

Sampie Preparation e..,....,........................... 6 mo. 
GC . . . . . . . . . . . . . . . . . ..*.......................... college training 

DAVID LOPER, E,xtractlons Lab 
AS., Accounting 

Glassware Prep . . . . ..*................................. 2 years 
Sample Preparation .a................................. 1 year 

JASON McCASLIN,, Extractions Lab 
B.S., Biology 

Sample Preparation .,,............. training 

KAYIA RICHERSON, Extractions Lab 
H.S. Diploma, College Biology/Zdogy 

Atomic Absorption ................................. 7 years 
Sample Preparation ............................... . 7 years 
Data Review ........................................... . 7 years 
Inorganic Analysis .......................... . . .... u== 
GCIMS ........................................ college training 
GC ............................................... college training 

TIM RUTLEDGE, Extractions Lab 
H.S. Diploma 

ICP ......................................................... . 2 years 
Gas Chromatography ......................... ..“. 3 years 
Atomic Absorption ...................... ..-- ... 4ytan 
Sample Preparation .............................. 10 years 
Data Review .......................................... . 5 years 
Inorganic Analysis ............................. . 11 years 
High Perf. Liq. Chromatography.. ..- .... 2 years 

OTTO SIMPSON, Extractions Laboratory 
H-S. Diploma 

Sample Preparation ... ..*..................m ... 3 years 

CHRIS STROUSE, Extractlons Lab 
B. S. Chemistry 

Sample Preparation ....................... ..- .. trsinhlg 

MISSY HAMBY 
Lead Sampla Cudodlarr 

High School Diploma 
GC . . . . . . . . . . . . ..L.............................”.........-.. 5 years 
Purge & Trap . . . . . . . . . . . . . . . . . . . . . . . . . ...“........““. 5 years 
Atomic Absorption . . . . . . . . . ..-..-.-. -2-I/2 years 
Sample Preparation . . . . . . . . . . ..“............. 7-l/2 years 
Data Review . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11-U years 
Inorganic Analysis ..,,..............-_......“I” 5 years 

KAREN LOKlS, 
Sample Cuatodlan 

A.S., Chemistry 
Sample Receiving 7 year . . . . . . . . L -... ----.-....~ - 

Kim WIllIson 
Sample Custotin 
High schooi Ilipkma 

Sample Receiving ,.,.....II.....-...........-.“. lYf= 



TABLE 1.1 RESUMES 

Richard J. Ronan, Ph.D., 
Laboratory Director 

EDUCATION: Ph.D., Inorganic Chemistry 
University of Hawaii, 1970 

Master of Science, IInorganic Chemistry 
University of Hawaii, 1970 

Bachelor of Selence, Chemistry 
Franklin College of Indiana, 1965 

., 

PROJECT EXAMPLES: 
m For over 20 yea.rs Dr. Ronan has pro- 
vided technical and management leadership 
to the environmental community. As prin- 
cipal of AS0 Consulting, Inc., he focused 
these skills to solve: problems for senior 
industrial manalgement and the legal com- 
munity. Assignments have ranged from 
project management, document review, and 
expert witness testimony, to full-time man- 
agement of the multimillion dollar, 
multidisciplinary laboratory. 

n Dr. Ronan has over twenty years of 
government (USEPA) and private sector 
experience in teaching, basic and applied 
research, marketing, operations, financial 
control, client relationships, and major 
project management. His unique experi- 
ence has prepared him to handle the 
integration of all of these areas. 

PROFESSIONAL EXPERIENCE SUMMARY: 

4194 to Present 
Southwest Laboratory of OkIahoma, Inc., 
Laboratory Director 
As Laboratory Director, Richard Ronan 
directs the operational functions of all sec- 
tions of the corporation’s largest laboratory, 
located in Broken Arrow, Oklahoma, in- 

cluding both administrative and analytical. 
This includes working directly with supervi- 
sors and managers from all departments. 
He is also directly responsible for market- 
ing, business planning and all aspects of the 
business. 

5190 to 3194 
Principal, AS0 Consulting 
Experience included support of litigations 
for six law firms (investigations, deposi- 
tions, and trials,) a two year business 
assigmnent for Huntingdon International 
Holdings, and other similar assignments. 
Dr. Ronan designed and developed the QA/ 
QC Program for a $4 billion property owner 
that oversaw all real estate transactions. 

1987 to 1990 DivisionManagerandVicePresi- 
dent, Analytics Div., Roy F. Weston, Inc. 
Board of Directors (88/90). 

1978 to 1987 Operations Manager and Vice 
President, Versar, Inc. 

1975 to 1978 Director Engineering and Re- 
search, Fisher Scientific, Jarrell-Ash 
Division 

1973 to 1975 Section Chief, Metals, US EPA 
Region V, Central Regional Lab, Chicago, 
IL 

1971 to 1975 Associate Scientist, Iowa State 
University, Ames Laboratory 

1970 to 1973 Assistant Professor, Simpson Col- 
lege, Indianola, IA 



Robert W. Harrls, 
Laboratory Manager 

EDUCATION: Bachelor of Science Degree, 
Microbiology 
Oklahoma State University, 1971 

PROFESSIONAL EXPERIENCE: 

1983 to Present 
Southwest Laboratory of Oklahoma, Inc. 
Laboratory Manager 
As the Laboratory Manager of Southwest 
Laboratory of Oklahoma Mr. Harris die 
rects all aspects of laboratory operation in 
the Company% newly constructed facility, 
including scheduling and cost control, staff- 
ing, training, customer support, and business 
development. He holds a B.S. in Microbiol- 
ogy from Oklahoma State University and 
has over 15 years experience in manage- 
ment of commercial laboratories. Analytical 
services under his direction include haxard- 
ous waste, drinking water and ground water 
investigation sponsored by a wide variety of 
governmental and private clients including 
EPA (e.g.,CLP,RCRA) Corps of Engi- 
neers (DERA) and the Air force (OHEU 
HSD). 

Prior to joining SWL he managed a 
geochemisty laboratory for Williams Broth- 
ers Engineering which supported major oil 
companies. Mr.Harris hasdeveloped supple- 
mental methods for the analysis of hazardous 
waste when there were no applicable ones 
available for specific project requirements. 
His experience in directing the operations 
of environmental laboratories is exempli- 
fied by successful participation in the EPA 
CLP, U.S. Army Corps of Engineers, and 
other federal and. State certification and 
accreditation programs. As an analyst Mr. 
Harris is experienced in the application of 
analytical methods using SW846, CLP, 
ASTM, and Standard Methods for organic 
and inorganic samples. 

1981 to 1983 Assistant Laboratory Director 
Williams Brothers Engineering, 
Tulsa, Oklahoma 
1975 to 1981-Senior Research Engineer 

1971 to 1975 Laboratory Manager 
Kansas City Testing Laboratory, 
Kansas City, Missouri; 

HARRY M. BQRG, 
Orgarkic P-gram Mgr. 

EDUCATION: 
Bachelor of Arts Degree, Chemistry, Mi- 
nor: Physics, Math 
Mount Mary College, Yankton, South Da- 
kota 

Additional Training 
Hewlett Packard 5988 RTE - 

6 System Mgr. Course, 9/97 
Hewlett Packard 5987/88/96, 

Operators Course, 4/86 

PROFESSIONAL EXPERIENCE: 
2/92 to Present 

Southwest Laboratory of Oklahoma, Inc. 
Organic Program Manager - Respon- 
sible for day to day operations inorganic 
department. Oversees performance for all 
GC./MS operations including extractions, 
analyses, data review, and data manage- 
ment. Provides technical management for 
organic EPA contracts. Interviews pros- 
pects for organic personnel. 

11189 to 2/92 
Laboratory Manager 
Conref Labs, Brighton, Colorado - Man- 
agement of an environmental production 
laboratory. Responsible for day to day op- 
erations and technical management, as well 
as evaluation and interpretation of analyti- 
cal results. Responsible as client liaison and 
for coordination of laboratory projects. 



11/88 to 11/89 
Technical Services Representative/Envi- 
ronmental Chemistry Manager 
Hager Laboratories, Golden, Colorado - 
Responsible for management of day to day 
operations in an environmental production 
laboratory. Technical management, evalua- 
tion and interpretation of analytical results. 
Client liaison and project coordinator. 

12l87 to II/88 
Organic Section Supervisor 
meta’I’RACE, Inc., Earth City, Missouri - 
Responsible for hiring and scheduling of 
personnel, and QuaI@ control and dat% 
review for GC and GC/MS depts. 

12/83 to 11/87 
Analytical Scientist II 
Western Research Institute, Laramie, Wyo- 
ming - Responsiblle for scheduling and 
training personnel. Analyst in the semivola- 
tile and volatile GC/MS laboratories. 
Analyses included semivolatile extracts 
from water, soil, high lconcentration samples, 
PesticidePPCBs by GC and GC/MS, Inor- 
ganic analyses of oil shale by-product waters 
by non-supressed ion chromatography, sepa- 
ration and etection of sulphur anions by 
non-supressed ion chromatography 
(HPLC). Responsible for quality control 
of data. Utilized EPA 600 methods, SW846 
methods, RCRA and EPA CLP protocols. 
Routine maintenanc:e and troubleshooting 
of the HP59858 and1 HP5996 GC/MS sys- 
tems with RTE-6 software and REV D/E. 

3/80 to 11/83 Chemist - Tosco Corporation, 
Golden, Colorado tB Martinez, Calif. - 
Responsible for supervision of evening shift 
personnel during o&shale project. Coordi- 
nated pilot plant ball test program. 
Coordinated personnel schedule to accom- 
modate research refinery program. 

PAUL P. OAfUIELLO, 
Aeeistant 0 

Iv 
lwrnic Program 
w. 

EDUCATION: 
Bachelor of Arts Degree, Biology 
Hofstra University, Hampstead, 
New York, 1977 

PROFESSIONAL EXPERIENCE: 
5/91 to Present 

Southwest Laboratory of Oklahoma 
Assistant Organic Program Manager 
Responsible for personnel supervision and 
the daily operations of the Volatiles, BNA, 
and Dioxins areas. Train operators in the 
use of instrumentation and data system. 
Troubleshoot hardware/software problems 
on GC/MS systems. Review VOA, BNA, 
and DioxinslFurans data. 

3/88 to 5191 
GC/MS Section Manager 
Professional Service IndustriesMalI 
Kimbrell Division,Lawrence, Kansas - 
Responsible for maintaining three Mass 
Selective Detectors, an RTE-VI data sys- 
tem, training and supervising operators, 
scheduling analyses, and final client report 
production including both electronic and 
paper deliverables for the USEPA Contract 
Laboratory Program. Extensive experience 
in volatile and semivolatile organics, diox- 
ins, furans, pesticides, herbicides, and PCB’s 
in water, soil, air, produce, and other com- 
plex matrices. Additionally, supervised the 
TCLP Zero Headspace Extraction. Re- 
sponsible for initiating the quality control 
samples into the liaboratory’s organic TCLP 
program. 

9/86 to 2/88 Group Leader - MetaTrace, 
Inc., Earth City, Missouri, GCJMS-Re- 
sponsible for maintenance of six GCEMS 
units (l-5988, l-5996, 45970), three data 
systems and the scheduling of sample analy- 
sis. Review of Data produced from the six 

GC/MS Instruments. 



5/86 to 8/86 GC/MS Group Leader - York 
Laboratories, Division of YWC, Inc., 
Whippany, New Jersey, - Operation and 
maintenance of two GC/MS systems and 
training of two operators. 

6/85 to 5/86 Organics Department Manager 
- Century Laboratories, Inc., Thorofare, 
New Jersey-oversaw all activities of GC/ 
MS Unit, GC Unit and Sample Preparation 
Unit. Responsible for properly maintaining 
nine instruments (,3-GC/MS’s, 5-GC’s, l- 
HPLC). Data Review and Report 
Production. ., 

5/80 to 6/85 GC/MS ILaboratory Supervisor 
- H2M Corporation, Melville, New York, 
Resonsibilitiesincluded operation and main- 
tenance of Finnigan OWA and HP-5996 
GC/MS systems. Mass Spectral Interpreta- 
tion of GC/MS Data. 

Laboratory Technician-Responsibilities 
included sample preparation and analysis of 
trace organic. 

Mark Smith, 
Organic Data Manager 

EDUCATION: 
Masters of Biomedical Science Program 
Major: Pharmacology, 25 credit hrs. 
Oral Roberts University, Tulsa, Oklahoma, 
1985 

Bachelor of Scienoe, Chemistry 
Minor, Computer !$zience 
Oral Roberts University, Tulsa, Oklahoma, 
1984 

PROFESSIONAL EXPERIENCE: 
9/91 to Present 

Southwest Laboratfory of Oklahoma, Inc. 
Organics Data Manager 
Assembly and review of Organic Data Pack- 
ages. Development of automation software. 

9189 to 9191 
NET, Inc., Carrollton, Texas 
GC/MS Supervisor 
Responsible for the. scheduling and analysis 
of all samples for volatiles and semivoiatiles 
by GC/MS. Responsible for the operation 

and maintenance of four Hewlett-Packard 
G&IS systems: three 5970 MSDs and a 
5996. Duties include data review, standards 
preparation, methods development, SOP 
writing and updating, writing instrument 
automation software,employee training, and 
instrument operation. 

11188 to 9189 
Southwest Laboratory of Oklahoma, Inc., 
Broken Arrow 
Volatile Organics Group Leader 
Leader of volatiles GC/MS laboratory. Re- 
sponsible for the scheduling and analysis of 
all VOA samples, so that holding time dead- 
lines and turnaround times were met. EPA 
CLP, 624 and 8240 methods were used. 
Responsibility to have QA/QC executed at 
the proper level and frequency. Reviewed 
data for quality and completeness. Respon- 
sible for maintenance of the GC/MS systems. 

8/86 to 11/88 
Southwest Laboratory of Oklahoma, Inc., 
Broken Arrow 
GC/MS Chemist - Analyzed water, soil, and 
petroleum based samples forvolatiles, semi- 
volatiles, and dioxins in accordance with 
EPA CLP or SW846 methods and require- 
ments. Wrote procedure files to help 
automate the analysis of samples and data 
review. Performed instrument maintenance 
and repairs. 

3/86 to 8/86 
Southwest Laboratory of Oklahoma, Inc, 
Broken Arrow 
Extractions and Inorganics Chemist - Pre- 
pared sample extracts for semivolatiles, 
pesticides, PCBs, dioxins, and herbicides 
per EPA CLP or SW846 requirements. 
Performed analysis for total organic car- 
bon, oil and grease, chemical oxidation 
demand, and ion chromatography. 



JASON D. RUCKMAN, 
Inorganib Program Mgr. 

JOHN WRtQHT, 
Aasiotant Inorgaank 
Program Manager 

I .,, 

EDUCATION: Bachelor of Science, Chemistry 
Kansas Wesleyan IJniversity, Salina, Kan- 
sas, 1985 

EDUCATION:Bachelor of Sclewe, Chenclistry 
Northeastern State University, Tahlequah, 
OK 1984 

Additional Studies: 
14 hours graduate credit School of Pharmacy, senior status 
University of Kansas, Lawrence, Kansas, Southwestern State University, 
1985-86 Weatherford, OK 1986-89 

PROFlESSIONAL EXPERIENCE: . . 

6/89 to Present Southwest Laboratory of Okla- 
homa, Inc -Inorganic Program Manager 
Manages and oversees the Contract Labo- 
ratory Program (CLP). Reviews data, 
resolves reporting problems and provides 
technical assistance to analysts. Directs 
troubleshooting of instruments to minimize 
instrument downtime. Performs sample 
analysis as needed to meet deadline require- 
ments. 

PROFESSIONAL EXPERIENCB: 

12/91 to Present Southwest Laboratory of 
Oklahoma, Inc. - A!sslst.ant xnalqplnic 
Program Managarr (12193 to Frcsen~) 
Assists the Inorganic Program m oversee- 
ing daily operations in the Inorganic 
Laboratory. Reviews data, resdaw regort- 
ing problems and provides technical 
assistance to analysts. Directs tmwbleshoot- 
ing of instruments to minimize is&nnnent 
downtime. Performs sample anal@ as 
needed to meet deadline requirumeu~ 

3/87 to 6/89 EPA Metals Manager 
Wilson Laboratories, Salina, Kansas 
Primary operator for the Perkin-Elmer 
5100. Responsible for analyzing water and 
soils samples for the EPA according to the 
787 contract and assembling CLP pack- 
ages. 

AA Operator (Q/91 to lu93) 
Graphite Furnace operation, iuchxbng all 
analysis of Pb, Tl, As, aud Se. mta r&ew 
of analyses performed. 

Primary ICP operator (g/86-8/88) 
Responsible for everyday maintenance and 
upkeep of the ICP (Perk&Elmer 6000). 

S/85 to 5/86 Teaching Assistant, Department 
of Chemistry 
University of Kansas, Lawrence, KS 
Responsible for pre-laboratory lectures, 
enforcing safety requirements and grading 
labs and lecture tests. 

2/90 to x2/91 Analyst III/GrcDup Lakr 
National Enviromnental Testing 
- Inorganic analysis and methodology ac- 
cording to EPA protocol. Followed N.E.T. 
guidelines for quality controL ScmE cross- 
training for organics sample prcgwatkm frDa 
diesels, PAHs, gasolines, and BTXs. Per- 
formed analyses for hazardous waste, waste 
water, and ground water samplcsn Reviewed 
data for quality control. 

1989 to 1990 Environmental Chemist 
Environmental Services Comprmy 
Performed analytical a&yses mwaste,wa- 
ter, soil, sludge, groundwater, aud potable 
water samples. Also performed auaQsis for 
BOD, Cn-, Phenol, N$-N4, ‘FXN, N- 

I 



NH,, EPA-WP stanldards, AOCS standards, PROFESSIONAL EXPERIENCE: 
and EPA-WS stan.dards. Performed AA 1987 to Present 
analysis using Varian 200 Southwest Laboratory 

Of Oklahoma, Inc. 
1984 to 1985 Shift Technician/Analytical QA/QC Officer 

Chemist 
Fort Howard Paper Company 1985-1987 
Responsible for polymer addition to the Lockheed Engineering and 
kroftas and the resin/caustic system. Tested Management Services 
paper for proper wet strength. Ensured Las Vegas, Nevada, Technical Support Su- 
paper met guidelines for quality control. pervisor, Laboratory Performance 
Responsible for paper standards and pro- Monitoring Section. 
cess. Research to increase productivity 
involving zeta potemtiometry. _, 1983-1985 

Southwest Laboratory 
Of Oklahoma, Inc. 

CHUCK HOOVER QA/QC Officer/Extractions Chemist/AA 
Quality Assurance Officer Operator 

EDUCATION: 1982-1983 
Bachelor of Arts Degree in Biology National Analytical Laboratories, Tulsa, 
Minor in ChemisQ OK 
Wichita State University, 1976 Gas Chromatography/GC/MS Chemist 

PROJECT 1980-1982 
H Experience with PCB analyses on trans- Williams Brothers Laboratories, Tulsa, OK 
former oils, Hydraulic fluids, soil/sediment, Wet Chemistry Section Supervisor 
waters and fish flesh. 

1977-1980 
H Experience in EiPA 600 series Method- Wichita Water Department, 
oiogies, both extractions and analyses. Water and Waste-water Laboratory, 

Wichita, KS 
n Experience in Trihalomethane Studies Laboratory Technician 
on source and drinking water supplies. 

1976-Summer 
n Experience in data review of analyses U.S. Department of Labor 
performed on samples from EPA’s Super- Occupational Health 8z Safety Administra- 
fund Sites; performed in various laboratories tion (OSHA), Kansas City, MO, 
in the EPA’s Con.tract Laboratory Pro- Industrial Hygienist (Summer Merit) 

&ram* 

n Metal analysis using Flame/Furnace Robert A. W-t, 
Atomic Absorption. Extraction/Clean-up Computw 8wvicef3 
of Dioxin/Furans using method 613. EDUCATION: 

Langston University, Tulsa, OK 
Bachelor of Science degree in Computer 
Science (December 1988) 

Coursework 
Computer Management Information Sys, 
Software Design and Devekpment 
Data Structures and Algorithms II 
Database Design 



Tulsa Junior College, Tulsa, Oklahoma, 
Associate degree in Mathematics (May 
1986) 

PROFESSIONAL EXPERIENCE: 
lo/90 to Present Southwest Laboratory of 

Oklahoma, Inc., A.ssistant Programmer, 
Computer Services Department. 

lo/88 to 9/90 Programer Analyst 
Tulsa, Oklahoma 
Developed and administrated a UNIX soft- 
ware for retail shelf labeling industry to 
drive Postscript and Laserjet printers. (ie. 
NCR Tower, AT&T, Unisys, Intel 386’s, . 
IBM AIX, FLEX OS on IBM 4680, SC0 
Xenix, ALTOS, M!S-DOS) 

7/88 to lo/88 Programmer Analyst 
Voice Systems and !Services Inc., Mannford 
Developed and supported the Voice Mail 
System software. 

6/84 to 7/88 Data Processing Coordinator 
St. Francis Hospital, Tulsa, Oklahoma 
Coordination of Data Processing projects, 
software product evaluation, created inven- 
tory control programs. 



TABLE 1.2 LAISSDOFWTOIW CREDllUTlALS 

PROG!RAM PARTlClPATlON 

USEPA CLP (Contract Laboratory Program) 
l Organics Analysis, Multi-Media, Multi Con- 
centration, by CC/MS and GC/EC Techniques. 
Note: continuous participation since 1985. 

l Rapid Turn-Around Organics Analysis, 
Multi-Media, Multi Concentration, by GC/ 
MS and GC/EC Techniques. 

_I 
l Chemical Analytical Services for Multi- 
Media, Multi-Concentration Metals and In- 
organics. 

EMSL Cincinnati, WP/WS 
Water Pollution/Water Supply Study Pro- 
&ram* 

U.S. Army Corps of Engineers, DERP 
DERP certification(Defense Environmental 
Restoration Program). 

U.S. Air Force, AFCEE IRP 
installation Restoration Program participant, 
analytical services for APB Projects. 

U.S. Navy, NEESA CLEAN IRP 
Installation Restoration Program participant, 
analytical services 

INEL, (Idaho National Engineering Lab.) 
Qualified by ERPSMO to perform analytical 
services. 

Certified to perform analytical services for 
Hazardous Waste Remedial Actions Program. 

NRC License 
Licensed to perform analysis of coal contami- 
nated waste for environmental pollutants. 
(License #35-27413.,Ol) 

STATE CEiM’lFlCATlON 

ALABAMA . . . . . . ..“.....“....“.....“..“.“. Lab ID #40890 
Department of Environmental Management 

ARKANSAS . . . . ..“.....“....“....W.“..“.” Lab ID #N/A 
Department of Pollution Control & Ecology 

CALIFORNIA ..w . . . . . “.~.~..“.“.~..~.~Lab ID #1221 
Department of Health Services, Env. Lab Program 

COLORADO . . . . . . . . . ..“....H....“..“..“.“.. Lab ID #335 
Department of Health, Drinking Water Param- 
eters 

FLORIDA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..“.......” Lab ID #87326 
Department of Health and Rehabilitation 

IOWA . . . . . . . . . . . . . . . . . . . . . . ...“.............“.........“.. Lab ID #104 
Department of Natural Resources 

KANSAS . . . . . . . . . . ..“.“.“.....e.....e..“... Lab ID #E-1126 
Department of Health and Environment 

KENTUCKY . . . ..“.“.“.“.“.“..“....ee... Lab ID #90065 
Department of Environmental Protection 

LOUISIANA . . . . ..“.“.“.I.“.....“.“.“... Lab ID #93-19 
Department of Health and Hospitals 

MICHIGAN . . . . . . . ..“.“.“.“.“............“. Lab ID #N/A 
Department of Public Health 

NORTH CAROLINA-.-..w.w.-“Lab ID #404 
Department of Env. Health & Natural Resources 

NORTH DAKOTA w.w . . . . . . . . . w . . . . . Lab ID #R-073 
Department of Health and Conservation 

OKLAHOMA . ..“.I................ . . . . . w.... Lab ID #8728 
Water Resources Board 

SOUTH CAROLINA . ..w..“.w..“.“..Lab ID #79003 
Department of Health and Environmental Con- 
trol 

TENNESSEE .w.w . . . . . . . ---..-...Lab ID #02929 
Department of Health and Environment 

UTAH .,........“.“.....“.“.................... Lab ID #E-117 
Department of Health 

VIRGINIA “.“..........I.“...-.“.....“*. Lab ID #00322 
Department of Drinking Water 

llnj 



TABLE 1.3 LABCWWOW IN~STRUlMlSll=ATlON I ~” 
& EQlJiPhCIENT INVENTQRY 

I 
c;SC/MS Laboratory 

YEAR 
GUMS Hewlett Packard 5985/87/88......-... 1978 

Connected to RTE Aquarius Data System (V) 
Packed/Capillary Injector 
EI/CI Heated Source 
Direct Insertion Probe 
Hewlett Packard 5890 Gas Chromatograph 
Hewlett Packard 7673. d4uto Sampler 

GUMS Hewlett Packard !5995/5996 . . . . . . . . . . . . . . 1982 
Connected to RTE Aquarius Data System (VI) 
Packed/Capillary Inje’ctor 
Heated Source 
Hewlett Packard 7673 14uto Sampler 

GC/MS Hewlett Packard $970 MSD .” . . . . . . . “. 1986 
Connected to DOS Chemstation with Target 
data procession on HP710 
Packed/Capillary Injector Wl Jet Separator 
Hewlett Packard 5890 Gas Chromatograph 
Tekmar 2000 with 2016,2032 Auto Sampler 

GUMS Hewlett Packanl !j970 MSD . . . ..-... 1987 
Connected to DOS Chemstation with Target 
data procession on HP7lSa 
Packed/Capillary Injector 
Hewlett Packard 5890 Gas Chromatograph 
Hewlett Packard 7673 l4uto Sampler 

GC/MS Hewlett Packard !j970 MSD ..- . . . . N 1988 
Connected to DOS Chemstation with Target 
data procession on HP710 
Packed/Capillary Injector W/ Jet Spearator 
Hewlett Packard 5890 Gas Chromatograph 
Tekmar 2000 with 2016,2032 Auto Sampler 

GC/MS Hewlett Packard !5970 MSD . ..” . . . . . . . . 1988 
Connected to RTE Aquarius Data System (VIII) 
Packed/Capillary Injector 
Hewlett Packard 5890 Gas Chromatograph 
Hewlett Packard 7673,4uto Sampler 

GUMS Hewlett Packard !5988 ” . ...” . . . . -.“... 1988 
Connected to RTE Aquarius Data System (VI) 
Packed/Capillary Injector 
Hewlett Packard 5890 Gas Chromatograph 
Hewlett Packard 76713 Auto Sampler 

GC/MS Hewlett Packard 5970 MSD . . . . . . . 1989 
Connected to RTE Aquarius Data System (V) 
Electronic Pressure Control Capillary Injector 
Hewlett Packard 5890 Gas Chromatograph 
Hewlett Packard 7673 Auto Sampler 

GUMS Hewlett Packard 5970 MSD .-...-. 1989 
Connected to RTE Aquarius Data System (VIII) 
Packed/Capillary Injector 
Hewlett Packard 5890 Gas Chromatograph 
Hewlett Packard 7673 Auto Sampler 

GUMS Hewlett Packard 5970 MSD .“..“...... 1989 
Connected to DOS Chemstation with Target 
data procession on HP715b 
Packed/Capillary Injector WI Jet Spearator 
Hewlett Packard 5890 Gas Chromatograph 
Tekmar 2000 with 2016,2032 Auto Sampler 

GUMS Hewlett Packard 5970 MSD ..-..- 1990 
Connected to DOS Chemstation with Target 
data procession on HP72Ob 
Packed/Capillary Injector 
Hewlett Packard 5890 Gas Chromatograph 
Hewlett Packard 7673 Auto Sampler 

GC/MS Hewlett Packard 5971 MSD . . . . . . . . -. 1990 
Connected to DOS Chemstation with Target 
data procession on HP7lO 
Packed/Capillary Injector W/ Jet Spearator 
Hewlett Packard 5890 Gas Chromatograph 
Tekmar 2000 with 2016,2032 Auto Sampler 

GUMS Hewlett Packanl5971 MSD . . . . . . 1991 
Connected to DOS Chemstation with Target 
data procession on HP7l5b 
Packed/Capillary Injector W/ Jet Spearator 
Hewlett Packard 5890 Gas Chromatograph 
Tekmar 2000 with 2016,2032 Auto Sampler 

GC/MS Hewlett Packard 5971 MSD . . ..--. 1991 
Connected to DOS Chemstation with Target 
data procession on HP7l5b 
Packed/Capillary Injector W/ Jet Spearator 
Hewlett Packard 5890 Gas Cbromatograph 
Tekmar 2000 with 2016,2032 Auto Sampler 



Data SYS 
GC/Mp laboratory 

terns 

(con timed) RTE Data System (VI) 
HP A-900 Computer w/Aquarius Rev. F. 

DESCFMPTICPQ YEAR HP 7937 HKP 571 MB Disk Drive 
GUMS Hewlett Packard 5971 MSD . . . . . . . . . . . . . 1991 HP 2934 Printer, 200 CPS (3) 

Connected to DOS Chemstation with Target HP 9144 16-Track Streaming Tape Drive 
data procession on HP72Ob HP Ethernet LAN connection 
Packed/Capillary Injector Terminals (4) 
Hewlett Packard 5890 Gas Chromatograph 
Hewlett Packard 7673 Auto Sampler RTE Data System (VIII) 

HP A-900 Computer w/Aquarius Rev. F. 
GUM!3 VG Trio-l . . . . ..L...W...“.“..................... 1991 HP 7937 H/XP 571 MB Disk Drive 
Connected to LABBASE’ data system H.P 3SI Laser Printer, 16ppm 
Packed/Capillary Injector 

.* 
TI Microlaser Printer, 9ppm 

Hewlett Packard 5890 Gas Chromatograph HP 9145 32-Track Streaming Tape Drive 
Hewlett Packard 7673 Auto Sampler HP Ethernet LAN connection 

Terminals (3) 
GC/MS Hewlett Packard 5970 MSD . . . . . . “.“.. 1992 

Connected to DOS Chemstation with Target Unix Data System (HP720) 
data procession on HP715a HP 735 Workstation w/HP-UX 9.01 
Packed/Capillary Injector Thruputt Maestro Software 
Hewlett Packard 5890 Gas Chromatograph 48 MB RAM 
Hewlett Packard 7673 .Auto Sampler Quantum 4253 425 MB Disk Drive 

Micropolis 1928 2.0 GB Disk Drive 
GC/MS Hewlett Packard 5972 MSD . . . . . . . . . . . . . 1993 HP 2.0 GB Dat Tape Drive 

Connected to DOS Chemstation with Target HP 1.4 MB Floppy Disk Drive 
data procession on HP720b Tl Microlaser Printer, 9ppm 
Electronic Pressure Control Capillary Injector 19” Color Monitor 
Hewlett Packard 5890 Gas Chromatograph 17” Sarnsung X-terminal 
Hewlett Packard 7673 .Auto Sampler 

Unix Data System (HWIO) 
GC/MS Hewlett Packard 5972 MSD . . . . . . . . . . . . . 1993 HP 710 Workstation wl HP-UX 8.07 

Connected to DOS Chemstation with Target ‘I’hruputt Target Software 
data procession on HP715b 32MBR4M 
Packed/Capillary Injector W/ Jet Spearator Quantum 425s 425 MB Disk Drive 
Hewlett Packard 5890 Gas Chromatograph HP 1.3 GB Disk Drive 
Tekmar 3000 with 2032 Auto Sampler HP 4SI Laser Printer, 16ppm 

19” Color Monitor 
High Resolution GC/MS VG-70s”. . . . . . . . . . . . . . . . 1989 17” Samsung X-terminal 

Connected to Vax 4000 data system 
Packed/Capillary Injector Unix Data System (HP715a) 
Hewlett Packard 5890 Gas Chromatograph HP 715/33 Workstation w/ HP-Ux 9.01 
Fisons A2OOS Autosampler Thruputt Target Software 

32MBRAM 
High Resolution GUMS Autospec . . . . . . “.“.“... 1989 HP 1.0 GB 3.5” Disk Drive 

Connected to Vax 4000 data system HP 3SI Laser Printer, 16ppm 

Packed/Capillary Injector 19” Color Monitor 

Hewlett Packard 5890 Gas Chromatograph 17” Samsung X-terminal 

Fisons A2OOS Autosampler 



GC/htlS Laboratory 

Data Systems (conlmued) 
Unix Data System (HP715b) 

HP 715/33 Workstation wl HP-UX 9.01 
Thruputt Target Software 
32MBRAlvl 
HP 1.0 GB 3.5” Disk Drive 
HP 2.0 GB external Dat Drive 
HP 3SI Laser Printer, 16ppm 
19” Color Monitor 
17” Samsung X-terminal 

., 
Unix Data System (HP720b) 

HP 720 Workstation w/ HP-UX 9.01 
Thruputt Target Software 
32 MB RAM 
Quantum 4253 425 MB Disk Drive 
Micropolis 1524 1.3 GB IDisk Drive 
HP 3SI Laser Printer, 16ppm 
19” Color Monitor 
17” Samsung X-terminal 

SUDD t-t fiWJi~l?WlTt 
Purge azd Trap, Tekmar I&2 (2) 
Tekmar, ALS - 10 Position Auto Samplers (2) 
Tekmar 1000 - Capillary CRY0 Focuser (1) 
NesLab Refrigeration Cooler (3) 
Ultra Sonic Cleaner, Mettler (1) . . . . . . . . . . . . . . . . . . . 1984 
Frigidaire Coolers - Extract Storage (2) 
PC Designs 80286 Computers 

Formsmaster Software (4) 
Tekmar LSC 2000 Purge & Trap Units (4) 
Tekmar 2016,16 port ALS’s (4) 
Tekmar 2032,16 port ALS’s (4) 
Tekmar 6016 16 port AIS’s 
Tekmar 6032 16 port AIS’s 
Entech 2000 preconcentrator 
2016 cm Autosampler for Summa Canisters 

GC Laboratory 
DESCRIPTION YEAR 
Gas Chromatograph . . . ..*I.“.“.....“....“.........“. 1978 

Carle TCD (Nat Gas) 
Gas Chromatograph . . ..I...........“.“.“.“.“.“..... 1978 

Carle TCD (Nat Gas) 
Gas Chromatograph ..“........“.“.....“............”. 1989 

Carle TCD (Nat Gas 
Gas Chromatograph . . . . . . . ..I..............“.“........... 1989 

Carle TCD (Nat Gas) 
Gas Chromatograph . . . . . . ..IU.....“...................... 1989 

Carle TCD (Nat Gas) 

Gas Chromatograph, 
VARIAN 3400 ECD/ECD . . . . . . . . . . . . . w..w...- 1985 f ” 
Packed Capillary Injectors 
CT% A2OOS Auto Sampler 

Gas Chromatograph, HP 5890 ECD/ECD . . . 1986 
Dual Split/Splitless Injectors 
Dual HP 7673 Auto Sampler 

Gas Chromatograph, HP 5890 ECD/ECD... 1987 
Dual Split/Split& Injectors 
Dual HP 7673 Auto Sampler 

Gas Chromatograph, HP 9890 PIDRIALL.. 1987 
Tekmar LSC2000 Purge and Trap 
Tekmar ALS 2016 & 2032 Position Auto Sam- 
pler 

Gas Chromatograph, HP 5890 F’ID/NPD..,. 1988 
Dual SplirlSplitless Injectors 
HP 7673 Auto Sampler 

Gas Chromatograph, HP 5890 ECD/ECD .” 1988 
Dual Split/Splitless Injectors 
HP 7673 Auto Sampler 

Gas Chromatograph, HP 5890 Series II 
ECD/ECD . ..“.“.m.......“-.w*...“..e.s.e..”......”. 19fW 
Dual Split/Splitless Injectors 
Dual HP 7673 Auto Sampler 

Gas Chromatograph, HP S890 Series II 
ECD/ECD ..“.W-.“.“IIYU.--.“.o.m.“...“.. 1989 
Dual Split/Splitless Injector 
Dual HP 7673 Auto Sampler 

Gas Chromatograph, HP 5890 PID . . . . . . . . -. 1989 
ALS 2016 & ALS 2032 

Gas Chromatogmph, HP 5890 
I-IALWIDIFID ..“.“.“.“.U-...-.Do..--a...“.. 1989 
Split/Splitless Injectors 
HP 7673 Auto Sampler 

Gas Chromatogmph, HP 5890 HALUPID . . 1989 
Split/Split&s Injectors 
HP 7673 Auto Sampler 

Gas Chromatograph, HP 5890 PID..“..-..... 1989 
Split/Splitless Injectors 
HP 7673 Auto Sampler 

Gas Cbromatograph HP*5890 TCD w........... 194) 
Split/Splitless Injectors 

Gas Chromatograph HP-5890B ECD”.“...... 1991 
Dual Split/Splitless Injectors 
“bin 7673A Auto Samplers 

Gas Chromatograph HP-5890 Series II 
ECD/ECD .“..“.“.“.“.--.I-.“.-- .-.I- 1992 
Dual Split/Splitless Injectors 
Twin 7673A Auto Samplers 
Electronic Pressure Control (EPC) 

,., ,, 



,, ,..I, 

Zymark Benchmate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1992 
GC ,Laboratory SSI Pumps (2) 

(continued) Sontek W Detectors (2) 
Zymark Turbovap (2) . . . . . . . . . . . . . . . . . . ..*................. 1992 
Marathon GPC . . . . . . . . . . ..“................................... 1994 

Sontek Pump (1) 
VG 4 Channel Data Systems (4) Sontek W Apparatus (1) 
Hewlett Packard 3393 Integrators (2) DeIfield Storage Refrigerator, Extracts 
Hitachi D2000 Chromatographic Integrators (2) General Electric Storage Refrigerator, Standards 
HP 3396 Integrators (2) &Place Auto Seperatoxy-funnel Shaker . . . . . . 1988 
486 Computer (2) Glass Columns 
386 Computer (5) Extraction Apparatus (20) Seperatory Funnels, 
286 Computer (5) 2000 ml 
Maxima Data System (8 channels) _. Funnels (75) 

Dioxin Columns (80 sets) 
3 400 ml Beakers (75) 
Kratos HPLC (1) .en”.“.“.I1”.“.n.“.“.” . . . . . . “.“.“.“... 250 ml Erlenmeyers (50) 

Spectroflow 400 Pumps (2) 500 ml Boiling FIask (90) 
Spectroflow 480 Injector (1) Sample Concentrator, Nitrogen Blow Down, 
Spectroflow 783 Programmable 30 Place . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1984 
Absorbance Detector I( 1) Sample Concentrator, Nitrogen Blow Down, 
Hitachi 655A - 40 Auto Sampler (1) 30 Place . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..*......*... 1988 
Fluorescence Detector (1) Sonic Disruptor, Sonicator (Sonics) . . . . . . . . . . . . . 1989 

Waters HPLC (1) . . . . . . ..“..“....“.l....“.“............. 1992 Sonic Disruptor, Sonicator (Sonics) . . . . . , . . . . . . . 1990 
715 Ultr Wisp Sample Processor Sonic Disruptor, Sonicator (So&s) . . . . . . . . . . . . . 1990 
510 HPLC Pump Top Loading Balance, Ohaus 400 . . . . . . . . . . . . . . . . 1992 
486 Tunable Absorbance Detector Top Loading Balance, Ohaus GT 4000 

Knauer W Photometer 
SUPPORT EQUIPMENT Kipp & Loven Printer ControIIer 
Oven, VWR 1310 (1) 
Frigidaire Cooler - Sample Storage (1) 

Metal Analyses Laboratory 
DESCRlPTlOh! 

Extracrrtions Laboratory 
VEAR 

DESCRIPTION m Atomic Absomtlion 
Concentrators Instrumentation Laboratory Video 22 Double 
Centrifuge, International Equip. Co. . . . . . . . . . . 1988 Beam Dual Channel Spectrophotometer with 
Kudera Danish (124) 1000 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1987 Graphics . . . . . . . . ..*.............*.................................*. 1983 
Dessicator, Boekel .e........*............................... 1985 TJA Autosampler 
Drying Oven, Blue M . . ..I................................. 1980 

1987 
TJA Prep station 

Millipore (24) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . TJA Video 22 Double Beam, Dual Channel 
Extraction Apparatus Spectro- 

Continuous Liquid Emactors (102) . . . . . . . . 1987 photometer with Graphics . . . . . . . . . . . . . . ..I........... 1991 
Extraction Apparatus TJA C-IF 188 

Soxhlet Extractors (20) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1987 TJA Autosampler 
Gel Permeation Cleanup (GPC) Apparatus, TJA Prep Station 

ABC . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1987 TJA 188 Controlled Temperature Furnace. 1991 
Applied BioSystems UV Detector, Perkin Elmer 5100 Zeeman . . . . . . . . . . . . . . . . . . ..*....... 1990 
Model 757 . . . . . . . . . . . . ..I...................................... 1988 PE HGA 600 

Gel Permeation Clean-up (GPC) Apparatus, PE AS-60 
ABC . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1991 Varian 4002 GFAA (2) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1992 
Sontek W Detector . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1991 Buck Scientific Mercury Analyzer 400.... . . . . . . 1990 

Hitachi D2500 Inetgrator Buck Scientific Mercury Analyzer 400 . . . . . . . . . . 1991 
Varian 4400 Integrator Leeman PS200 Mercury Analyzer . . . . . . . . . . . . . . . . 1992 

Leeman PS200 Mercury Analyzer . . . . . . . . . . . . . . . . . 1993 



InduotiWv Couollsd Plasma 
ICP 61 Plasma Spectrometer 

(Therm0 Jarrel Ash) .e................*.......*........ 1988 
Auto sampler-TJA 

ARL 3560 ICP . ..*............................................. 1990 
ARL Auto sampler 

ICP 61E Trace Analyzer 
(Therm0 Jane1 Ash) .I................................. 1993 

ICP, TJA Trace Analyzer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1994 

Wet Chemistry - inorganic 
DESCRIPTION YEAR 
Air Compressor . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1990 .’ 
Analytical Balance, Mettler H80 .................. 1984 
Ash Furnace, Lindberg ................................... 1984 
Balance Analytical, Mettler H80 .................. 1984 
Balance, topioading, Ohaus model 400 
Balance, heavy duty solution, Ohaus 
Cadmium Reduction Nitrate Columns ........ 1985 
Centrifuge, Damon IEC Clinical .................. 1984 
Conductivity Meter, HACH ........................... 1983 
Digestor, 36 place LABCONCO 
Electrode (Ammonia) 95-12 Orion 
Electrode (Fluoride) 94-09-00 Orion 
Fiow Injection Analyzer, Lachet Quikchem 1991 
Six Place TCLP/EP TOX Tumblers (2) 
Extractors 
Zero head (12) 
Funnels, Buchner 
Millipore Membrane 
Gooch Crucibles ............................................... 1983 
GCA Heater DessicatorlPrecision.. ............... 1984 
Glass Dessicators, Large and Small .............. 1983 
Glassware 
Heating Mantles 
Electrothermal 500-C (1211 
Hoods, Labconco - 6 Foot 
Hot Plates & Stirrers ....................................... 1983 
Integrator, Hitachi D2000 
Ion Chromatograph, Dionex, ........................ 1982 
Dionex-DXlOO Ion Chromatograph ............. 1992 
Karl Fisher Titrimeter, Belchman RF4.. ........ 1983 
MettIer Ultrasonic Cleaner ............................ 1982 
MuffleFurnace, Lindberg 51828 
Neslab Coolflow CFT-33 ................................ 1985 
Neslab Coolfiow CFI-75 ................................ 1989 
Oven, CMS Equatherm D1262 
Oven, Precision .............. .................................. 1986 
pH Meter, Orion (Portable) ........................... 1982 
pH Meter, Corning ......................................... 1983 
Plastic Dessicators, Large ............................... 1984 
Spectrometer, Bausch & Lomb ..................... 1984 

Spectrometer 21 DB, Bausch & Lomb 
Stack Sampling Equipment, Joy Unit -2...... 1982 I “’ 
Total Organic Carbon Analyzer, Ionics . . . . . . . . 1982 
Total Organic Carbon Analyzer, 

Schmadxu 5050 . . . . . . . . ..*................................. 1991 
Carbon Analyzer Leco CR12 . . . . . . . . . . . . . . . . . . . . . . . 1989 
Total Organic Halogens . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1983 
Dohrman Microcoulometer MCTS-20 
Tumbler (TCLP), MiIIipore 
Vacuum-Pressure Pump, Thomas . . . . . . . . . . . . . . . . . 1984 
ISCO Autosampler 
CEM Microwave Digestion System-205 
Dionex DX300 Ion Chromatograph . . . . . . . . . . . . 1993 

High Hazer& Laboratory 
DE6SCRI?TlON YEAR 
AnaIyticaI Balance, ASP Model 2410 . . . . . . . . . . 1986 
Blender, Waring . . . . . . . . . . ..I................................. 1984 
Chemical Carcinogen Glove Box, 

LABCONCO . . . . . . . . . . . ..“............................“... 1984 
Heated Dessicator, Precision Scientific...,... 1984 
Shaker, Eberbach . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1984 
Special Glassware 
Columbia Fisheries Dioxin Protocol . . . . . . . . . . . . . 1985 
Sonic Disruptor, Sonicator - Heat Systems . 1985 
Infrared Spectrophotometer, 

Perkin Elmer (model 337) 
Muffle Furnace, Linberg 
Samsung Storage Refrigerator 
Laboratory Furniture 
1 - Four Foot Hood, KEEWANEE . . . . . . . . . . . . . 1985 
1 - Six Foot Hood, KEEWANEE . . . . . . . . . . . . . . . . . 1985 

Data Management 
DESCRIPTION YEAR 
Computer, Gateway 2000 486/33 . . . . . . . . . . . . . . _... 1991 

16 Mb Memory 
300 Mb Hard Disk 
150 Mb Tape Backup 
450 Watts UPS 

WYSE 60 Terminals (7) 
Epson FX-850 Printers (7) 
EX800 Printers (1) 
LaserJet III Printers (1) 
Computer, Perkin Elmer 3203 . . . . . . . . . . . . . . . . . . . . . . 1986 

LIMS System, 6 Terminals 



Data Management 
(continued) 

%%%65 . . . . . . . . . . . . . . . . ..(................................. 1989 
Xerox 5065 . . . . . . . . . . . . . . . . ..I................................. 1990 
MITA 4055 . . . . . . . ..*........o................................ 1987 
Savin 7500 . . . . . . . . . . . . . . . . . ..(................................. 1991 
MITA DE131 
Sharp SF-2027 

Facsimiles 
Canon FAX-730 
Canon FAX 410 .I 

Canon FAX L770 . . . . ..I................................ 1991 
Canon FAX L700 

Miscellaneous Commuter Eaub- 
m9a 
GANDALF PACX IV, PBX 

Terminal Ports (196) 
Computer Ports (96) 

INMAC 64 port Smart Switch 
Packard Bell 2400 baud modems (4) 

Five Hewlett Packard Computers 2117F . . . . . 1986- 
1990 
2 Megabyte Memory W’/RTE 6/VM & Aquarius 
Rev.E 
Disk Drive, HP 7933,4,04 Megabyte (5) 

Hewlett Packard A900 Computer, 4 mb(3) 1990 
Disk Drive, HP 7937,500 Mb 
Tape Drive, HP 9144 (3) 
Disk Drive, HP 7935,404 Megabyte 
Disk Drive, HP 7914,130 Megabyte 
Tape Drive, HP 7970B, 9 Track 800 BP1 (2) 
Tape Drive, HP 7970E, 9 Track 1600 BPI(4) 
Terminals, HP2623 (20) 
Terminals, HP2648 (2) 
Terminals, HP2627 (3) 
Terminals, HP2621 P (3’) 
Terminal, HP 2397A (11) 
Terminal, HP 2393A (11) 
Terminal, HP 2622 (1) 
Terminal, HP 2392 (1) 
Terminal, HP 150 (1) 
Printers, HP2934A (11‘) 
Printer, HP Ruggedwriter (3) 
Printer, HP 2563B (1) 

One Hundred Computers, IBM PCs 
and Compatibles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1986-1991 
40 to 200 Megabyte Disk Drives 
Streamer Tape Back-Up System (2) 

Printers 1987-l 991 
LaserJet, Hewlett Packard Series III (2) 
LaserJet, Hewlett Packard Series IIIsi f2) \-, 
LaserJet, Hewlett Packard Series II (1) 
LaserJet, Hewlett Packard Series IIP (1) 
Paint Jet, Hewlett Packard (1) 
DeskJet Plus, Hewlett Packard (1) 
ScanJet Plus, Hewlett Packard (1) 
Epson FX85Os (18) 
Epson EXlOOOs (6) 
Epson FXlOO (1) 
Epson FX286 (1) 
Epson LO500 (1) 
Epson EX800 (4) 
Epson LX800 (1) 
Epson EPL-7000 (5) 
Epson Action Laser II (4) 
Star SGlO (1) 
Panasonic XX-P1191 (1) 
Panasonic KX P1180 (1) 
Panasonic RX-P1092i (1) 
Okidata Microline 182 (1) 
IBM Proprinter II (1) 
Texas Instruments Microlaser (4) 



Personnel Training 1 All training information including method QA/ 

All positions involve on-the-job training. This QC as wellas health and safety documentation 

training requires the reading of a Standard Oper- 
is maintained in the employees’ training file. 

ating Procedure; performace of that procedure 
The training files are maintained by the QA/QC 

under close supervision; and documentation of 
section and include resumes, classes taken by 

the understanding and proficiency on a form 
the employee, and any certifications obtained 

which is part of each departments’ SOPS (see figure 
by the employee from attending these classes. 
All refresher training is included in these files 

1.3). 
also. 

CC DEPARTMENT PACElOFZ 

DOCUMENTATION OF UALIFIED 
PERWNNEL PERFORMI ii C 

. ANALYTICAL TESTS 
llll.E OWE OF HIRE 

1700 WtnAuAm l B- hmw,OK 74012.Oma(91t3) 251-2858 l Flu(918) 251-2599 IQm=al I 

FIGURE 1.3 Example of Training Documentation 
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2.1 REFERENCES Volatiles 

The laboratory follows the established procedures For volatile analyses, two 4-02. wide mouth bottles 

contained in the Field Ma.nual section of SW-846, are filled as full as possible. The teflon-lined lld is 

Volume II (3rd edition, September 1986), the replaced and the jar put in the cooler. M samples 

methods contained in 40 CFR, Part 136, Federal are kept at 4°C. All volatile ana@sis samples are 

Register, Volume 49, Nu.mber 209 (October 26, collected independently of the extractable and 

1984), and in the USEPA publication A Comnen- inorganic portions. 

dium of Suncrfund F ield Oaerations Methods,, _ 
EPA/540/p-87/001, December 1987, whichever is Sample portions for all volatile analyses (e.g. 

appropriate, to obtain sam.ples which are represen- SW8240, 8010, 8020) from one discrete sampling 

tative of the sample matrix. location may be combined in one jar if collected at 
1 the same time. 

Each material sampled (i.e., surface water, ground 1 
water, soil, etc.) is-transferred to its required pre- 
labeled sampling containe:r, stored, and preserved 
in accordance with Table:; 2.1 and 2.2. Extractable Organfcs 

2.2 SOIL & SEDIMENT 
SAMPLES 

The following is a listing o:f the procedures that are 
followed for transferring soil and sediment samples 
during field sampling: 

n All sampling equipment, including internal 
components, is decontaminated prior to use and 
between samples, using laboratory-grade deter- 
gent and drinking water, ASTM Type II reagent 
water, and pesticide-grade methanol and hexane 
rinses, in that order. 

n Drilling ring(s) and tools are thoroughlysteam- 
cleaned before initial use and after each borehole 
completion. 

For extractable organics and petroleum hydmcar- 
bon analyses, a 32-0~. wide mouth bottle is filIed as 
full as possible. The teflon-lined lid is replaced 
and the jar put in the cooler. All samples are kept 
at 4” C. Sample portions for all extractable analy- 
ses from one discrete sampling location may be 
combined in one jar if collected at the same time. 

Metals and General 
Chemioervl Arwlyses 

An 8-0~. wide mouth bottle is filled as full as 
possible. The teflon-lined lid is replaced and the 
jar put in the cooler. All samples are kept at 4” C. 
Sample portions for all metals and general chemi- 
cal analyses from one discrete sampling location 
may be combined in one jar if collected at the same 
time. 

n Decontaminated equipment is allowed to air- 
dry, then wrapped in a non-plastic material 
(aluminum foil or teflon) and stored in a fashion 
that reduces the potential for accidental contami- 
nation. 

2.3 AQUEOUS SAMPLES 

The following is a listing of the procedures that are 

n Containers necessary for soil samples are de- 
followed when collecting water samples: 

- scribed in Table 2.2. 
n The procedure listed above for the transfer- 
ence of soil also is observed here, except that 
filtration may be required prior to filling sample 
containers destined for certain types of anaIyscs. 



n Monofilament line or steel wire for lowering 
sampling equipment into the well is dedicated for 
each well. 

n Water-level probes are decontaminated be- 
fore use in each well. 

B Precautionary steps Sor decontaminated tool 
storage are also adopted from Section 2.2. 

W All prescribed preservation techniques are 
implemented at this stage. 

W Containers necessary for water samples are 
described in Table 2.1. 

Voiatiles 

Purgeable Halocarbons and Aromatics-The fol- 
lowing is a description of the procedures that are 
followed for sampling for GC volatile analyses: 

Sample containers are nolt pre-rinsed with sample 
nor overfilled. For each discrete sampling loca- 
tion, two 40 mL VOA vials are filled until the 
meniscus bulges over the :rim of the vial. The cap 
liner is slid across the rim of the vial teflon side 
down and the plastic cap replaced on the vial. To 
make certain the vials contain no headspace, the 
vials are inverted to ch’eck for bubbles. Any 
preservation technique is noted on the sample 
label and the COC. The, vials are placed in the 
cooler and kept at 4” C. 

Extractable Organice 

Extractable Organics-The following is a descrip- 
tion of the procedures that are followed when 
sampling water for extractable organics: 

Sample containers are not pre-rinsed with the 
sample nor overfilled. For each discrete sampling 
location, two l-liter (L) glass containers are filled 
to the top with sample and the teflon-lined con- 
tainer caps replaced. ‘The containers are placed in 
the cooler and kept at 4” C. 

Total Recoverable Metals-The following is a de- 
scription of the procedures that are followed when 
sampling water for total recoverable metals: 

Sample containers are not pre-rinsed with sample 
nor overfilled. Before sampling, approximately 2 
mL of 1 + 1 nitric acid (HNO,) will be added to 
each sample container. This preservation tech- 
nique is noted on the sample label and the COC. 
For each discrete sampling location, one 250 mL 
plastic bottle is filled with sample before replacing 
the plastic cap. The turbidity of each sample is 
noted at this time. The bottle is placed in the 
cooler and kept at 4” C. 

General Chemical Analyses 

Total Dissolved Solids--The following is a descrip- 
tion of the procedures that are followed when 
sampling water for total dissolved solids: 

Sample containers are not pre-rinsed with sample 
nor overfilled. For each discrete sampling loca- 
tion, one 250 mL plastic bottle is filled with 
filtered sample before replacing the plastic cap. 
Each water sample is filtered through a 0.45 micro 
(u) GFA glass fiber filter using nitrogen (NJ 
pressurization. After sampling, the sample is 
preserved by adding approximately 2 mL 1 + 1 
HNO,. This preservation technique is to be noted 
on the sample label and COC. 

Common Anions-The following is a description 
of the procedure that is to be followed when 
sampling water from common ions: 

Sample containers are not pre-rinsed with sample 
nor over filled. For each discrete sampling loca- 
tion, one 250 mL plastic bottle is filled with sample 
before replacing the plastic top. The bottle is 
placed in the cooler and kept at 4” C. 



2.4 REPLICATE/DUPLICATE 
SAMPLING PROCEDURES 

Soil & Sediment Samples 

Replicate soil samples are 8collected as a means of 
assessing the precision of the sampling effort at a 
site. One replicate sample is taken every 20 sam- 
pling locations, or one per site or zone if that site 
or zone contains less than 20 sampling locations. 
For clients requiring more frequent duplicate 
sampling, this can be accomodated. A significant 
problem that arises during soil sampling from a., 
borehole is accurately duplicating the sample in- 
terval. To alleviate this problem, samples are 
collected using a 3-inch split spoon sampler. This 
sampler generally provides an adequate sample 
volume so that replicate samples can be collected. 
The procedure for collecting and containerizing 
the samples is detailed below. 

The volatile sample portion is collected first to 
minimize compound volatilization. The soil is split 
lengthwise using a teflon o:r stainless steel spatula, 
and then the sample portion for volatile organic 
analysis is immediately collected. Spatulas are 
used to transfer the sample: from the exposed core 
directly into the vials or jars. Replicate samples are 
collected at the same timle, employing the same 
techniques. 

After the volatile organic :samples have been col- 
lected, the sample description is noted. Once the 
description has been recorded, the remaining 
sample is mixed on a teflon board and evenly 
subdivided between the remaining sample con- 
tainers. This mixing minimizes the heterogeneity 
of the soil samples and provides a representative 
replicate sample. This mixing is used only for 
inorganic and nonvolatile samples, since agitation 
may allow escape of the volatile contaminant from 
the soil. 

After collection, all sample bottles are properly 
labeled and stored on-site in an ice chest at 4°C 
until they are packed and shipped via overnight 
delivery to the laboratory for analysis. 

Aqueous Sampks 

Duplicate water samples are collected as a means 
of assessing the precision of the sampling effort at 
a site. One duplicate is taken for every 20 weI& or 
one per site or zone if that site or zone contains less 
than 20 wells. Duplicates are coded in a manner so 
that laboratory personnel will not recognixe them 
as QC samples. Field duplicates do not release the 
laboratory from its own QC requirements for du- 
plicate analyses. The procedures for collecting and 
containerizing these samples are described below. 

The volatile fraction is collected first to minimize 
compound volatilization. The first bailer volume is 
used to fill the sample vials. The next bailermlume 
is used to fill the duplicate sample vials. Sample 
collection, preservation, and containerization pro- 
cedures follow those described in Section 2.3. 
After the volatile fractions have been c&ected, 
the sample volume for the remaining analyses is 
collected in the manner described above. Sample 
collection, preservation, and containerization pro- 
cedures follow those described in Section 23 for 
the applicable analysis. After collection, all sample 
bottles are labeled properly and stored on-site at 
4°C until they are packed and shipped via over- 
night delivery to the laboratory for aualys& 

2.5 DECONTAMINATION 
PROCEDURES 

Prior to the commencement of sampling activities, 
between wells, and after sampling activities have 
been completed, all sampling equipment is deeon- 
taminated. The bailer is scrubbed with 
laboratory-grade detergent (e.g., Liqui-Nox, Al- 
conox) and rinsed with potable water, ASTM Type 
II reagent water, and pesticide-grade methanol 
and hexane, in that order. The bailer is aIlowed to 
air dry prior to lowering it into the well. The line 
used to lower the bailer into the well is replaced 
between wells. Water level monitoring devi&s and 
measuring tapes are scrubbed with laboratory- 
grade detergent and rinsed with ASTM Type II 
reagent water. 



Split spoon samplers are decontaminated between 
sample intervals with a laboratory-grade detergent 
(e.g., Liqui-Nox, Alconox) and rinsed with potable 
water, ASTM Type II reagent water, pesticide- 
grade methanol and hexane, in that order and 
allowed to dry. The procedure prevents cross- 
contaminating between samples. Field personnel 
are strongly cautioned to allow ample time for the 
hexane to evaporate completely. The hydrocarbon 
mixture that makes up pesticide-grade hexane 
interferes with GC/MS volatiles analysis if field 
equipment is not dried completely between uses. 

Drilling equipment (including rods, bits, tools, _, 
etc.) is decontaminated at the decontamination 
area with a steam cleaner and laboratory-grade 
detergent (e.g.,, Liqui-Nox, Alconox) prior to the 
initiation of field activities between drilling loca- 
tions. The decontamination area is cleaned after 
each use. 

Equipment used to dispense ASTM Type II re- 
agent water, methanol, and hexane is made of 
glass and teflon. 

Phstic dispensing devices we prohibited. 

Uncontaminated sample containers that are com- 
mercially precleaned are used for collection. Reuse 
of sample containers is not permitted. 



TABLE 2.1 RECOMMEmN~DATlON PkW? 
SAMPUN% AND P’PSEMR’VA~ON OF SAMPLES 

ACCORDWQ TO MEASUF1EEMEN”V 
0. 

HW’ 
Measurement (!s$ Containel3 Preservative3c Tima+ 

Phvsical PlwDertieq 

Color 50 P,G Cool, 4°C 48 Hrs 

Conductance 100 P,G Cool, 4°C 28 days 

Hardness 100 P HNO, to pH ~2 6 mos. 

Odor 200 G only Cool, 4°C 24 Hrs. 

PH 2 P,G ‘- None Req. 
Immediately 

Residue 

Filterable 100 P,G Cool, 4°C 7days 
Non-Filterable 100 P,G Cool, 4°C 7ws 
Total ‘LOO P,G Cool, 4°C 7 days 

Volatile ‘100 P,G Cool, 4°C 7(w 
Settleable Matter 1,000 P,G Cool, 4°C 48 Hrs. 

Temperature 1,000 P,G None Req. Analyve 
Turbidity ‘LOO P,G Cool, 4°C 48Hrs. 

Metals 

Dissolved 200 P Filter on site 6 Mos. 
HNO, to pH ~2 

Suspended 200 Filter on site 6 Mos.@) 

Total 100 P HNO, to pH ~2 6 Mos. 

Chromium+6 200 P Cool, 4°C 24 I-h 

Mercury (Dissolved) 100 P Filter 28 Days 
HNO, to pH ~2 

Mercury (Total) ‘100 P HNO, to pH ~2 28 Days 

Inoraanics. Non-Metallies 

Acidity LOO 

Alkalinity 100 

Bromide 100 

Chloride 50 

Chlorine 200 

Cyanides 500 

Fluoride 300 

Iodide 100 

P,G 
P,G 

P,G 

P,G 

P,G 

P,G 

P,G 

P,G 

Cool, 4°C 

Cool, 4°C 

None Req. 

None Req. 

None Req. 

Cool, 4oc 
NaOH to pH > 12 
0.6g ascorbic acid6 

None Req. 

Cool, 4°C 

14 Days 

14 Days 

28 Days 

28Days 

Analyze 
hIiedht&y 

14 Days’ 

28 Days 

24 I-h. 



TAIFa;LE 2.1 (CONTINUED) I .,I 
0. 

Hddfnfil 
Measurement (!z$ Containeti Preservative34 Tim3 

NlbvracD 

Ammonia 400 P,G Cool, 4°C 28 Days 
J&SO, to pH c2 

Kjeldahl, Total 500 P,G cool, 4°C 28Days 
I-JSO, to pH <2 

Nitrate plus Nitrite 100 P,G cool, 4°C 28 Days 
H,SO, to pH c2 

Nitrate9 100 P,G .I Cool, 4°C 48Hrs. 

Nitrite 50 P,G Cool, 4°C 48 Hrs. 

Dissolved Oxwen 

Probe 300 G bottle and top None Req. 
Immediately 

Winkler 300 G bottle and top Fix on site and 8I-b. 
store in dark 

PhosDhorus 

Ortho-phosphate 
Dissolved 

Hydrolyzable 

Total 

Total, Dissolved 

Silica 

Sulfate 

Sulfide 

Sulfite 

50 

50 

50 

50 

50 

50 

500 

5'0 

P,G 

P,G 

P,G 

P,G 

P only 

P,G 

P,G 

P,G 

Filter on site 
Cool, 4°C 

Cool, 4°C 
H$O, to pH c2 

Cool, 4°C 
H,SO, to pH ~2 

Filter on site 
Cool, 4°C 
H,SO, to pH c2 

Cool, 4°C 

Cool, 4°C 

Cool, 4°C 
add 2 mL zinc 
acetate plus NaOH 
to pH >9 

None Req. 

48I-h. 

28Days 

Bhys 

24 I-h-s. 

Ornrmnics ‘ 

BOD 

COD 

Oil & Grease 

OrganicCarbon 

Phenol& 

P,G 

P,G 

G only 

P,G 

G only 

Cool, 4°C 48Hrs. 

Cool, 4°C 2&Days 
&SO, to pH <2 

Cool, 4°C =Days 
I-X$0, or HCI to pH <2 

Cool, 4°C aDays 
H,SO, or HCl to pH ~2 

Cool, 4°C 28-F 
H,SO, or HCl to pH ~2 

I 



TABBLE 2.1 (CONTINUED) 
0. 

HOIdlINg 

Measurement (!!$ ContainerZ Preservative3” Tim@ 

ol.Ea&y K4mt~ 

250 P,G Cool, 4°C 48 Hrs. 

NTA 50 P,G Cool, 4°C 24 Hrs. 

Purgeable 40 G, Teflon-lined cool, 4°C 14 Days 
Halocarbons (601) SePtJJm 0.008% Na,S,O, 

Purgeable Aromatic 40 G, Teflon-lined Cool, 4”C, 0.008% 14 Days 
Hydrocarbons (602) Septum Na2S2036, HCI to Ph 2 

Acrylonitrile & 40 G, Teflon-lined -, Cool, 4”C, 0.008% 14 Days 
Acrolein (603) Septum Na,S,0,6, Adjust pH to 4-Y 

Phenols’* 1,000 G, Teflon-lined Cool, 4”C, 0.008% 7 days until 
extraction 

EPA Method 604 CaP %403 40 days after 
extraction 

Benzidines*2 1,000 G, Teflon-lined Cool, 4”C, 0.008% 7 days until 
extraction 

EPA Method 605 CaP Na,S,0,6, H,SO, to pH 2-713 

Phthalate Estersl* 1,000 G, Teflon-lined Cool, 4°C 7 days until 

EPA Method 606 
extraction 

CaP 40 days after 
extraction 

Nitrosamineslz l.,OOO G, Teflon-lined Cool, 4”C, store in 7 days until 
extraction 

EPA Method 607 QP dark, 0.008% N%S,Ot 40 days after 
extraction 

Organochlorine 1,000 G, Teflon-lined Cool, 4”C, pH 5-9 7 days until 

Pesticides/PCBsi7 
extraction 

cap 40 days after 
extraction 

EPA Method 608 

Nitroaromatics 
and 

Isophoronelz 1,000 G, Teflon-lined Cool, 4”c, 0.008% 7 days until 
extraction 

EPA Method 609 CaP Na,S,0,6, store in dark 40 days after 
extraction 

Polynuclear Aromatic 
Hydrocarbons12 1,000 G, Teflon-lined Cool, 4“C, 0.008% 7 days uutil 

extraction 
EPAMethod 610 CaP Na$2036, store in dark 4Odays after 

extraction 

HaloethersU 1,000 G, Teflon-lined Cool, 4”C, 0.008% 7 days until 
extraction 

EPAMethod 611 CaP WP3 40 days after 
extraction 



TABLE 2.1 (CONTINUED) I ‘.., 0 . 
Holding 

Measurement ContainerZ Preservative3v4 TiDld 

Oraanics IConLl 
Chlorinated 1,000 G, Teflon-lined Cool, 4°C 7 days until 

extraction 
Hyd.rocarbon12 (612) GP 40 days after 

extraction 

TCDD’* 1,000 G, Teflon-lined Coo1,4"C,0.008% 7 days until 
extraction 

EPAMethod 613 QP Na2S,036 40 days after 
extraction 

Purgeables 2x40 G, Teflon-lined ** 
EPA Method 624 Septum 

Base/Neutrals Acids 1,000 G, Teflon-lined 

EPA Method 625 QP 

Cool, 4”C, 0.008% 
Na2Sz0,6 

Cool, 4”C, 0.008% 

Na,S,O, 

14 Days 

7 days until 
extra&on 
40 days after 
extraction 

1. Morespecificinstructionsforpreservationandsam- 
pling are foundwith procedures as detailed in EPA-600I 
4-79-020, revisedMarch 1983, and in the Federal Reg- 
ister, Vol. 49, No. 209, Oct. 26,1984, EPA40CFRpart 
136. 

2. Plastic (P) or Glass (G). Only EPA certified pre- 
cleaned bottles are used. For metals, polyethylene with 
a polypropylene cap (no liner) is preferred. 

3. Sample preservation shouldbe performedimmedi- 
ately upon sample collection. For composite samples, 
each aliquot should be preserved at the time of collec- 
tion. When use of an automated sampler makes it 
impossible to preserve each aliquot, then samples may be 
preserved by maintaining at 4°C until cornpositing and 
sample splitting is completed. 

4. When any sample is to be shipped by common carrier 
of sent through the United States Mails, it must comply 
with the Department of TransportationHazardous Ma- 
terials Regulations (49 CFIR part 172). The person 
offering such material for transportation is responsible 
for ensuring such compliance. For the preservation 
requirements of Table 1, the ~Office of Hazardous Mate- 
rials, MaterialsTransportation Bureau, Department of 
Transportation has determined that the Hazardous 
Materials Regulations do not apply to the following 
materials: Hydrochloricacid (HCI) in water solutions 
at concentrationsof0.04%byweightorless(pHabout 
1.96 or greater); Nitric acid (HNO,) in water solutions 
at concentrations of 0.15% byweight or less (pH about 
1.62 or greater); Sulfuric alcid (H,SO,) in water solu- 
tions at concentrations of 0.35% by weight or less (pH 
about 1.15 or greater); Sodium hydroxide (NaOH) in 

watersolutionsatconcentrationsofO.O8%byweightor 
less (pH about 12.30 or less). 
5. Samplesshouldbeanalyzedassoonaspossibleafter 
collection. The times listed are them&mum times that 
samples maybe held beforeana@is andstill considered 
valid. Samples may be held for longer periods only if the 
permittee,ormonitoringlaboratory,hasdataonfile to L 
show that the specific types of sample under study are 
stable for the longer time, and has received a variance 
from the Regional Administrator. Some samples may 
not be stable for the maximum timeperiod given in the 
table. A permittee, or monitorin laboratory, is obli- 
gated to hold the sample for a sh;oeaer the if knowledge 
exists to show this is necessary to maintain sample 
stability. 

6. Should only be used in the presence of residual 
chlorine. 

I 
7. Maximum holding time is 24huurs when sulfide is 
present. Optionally, allsamplesmnybe testedwith lead 
acetate paper before the pH @us@nent in order to 
determine if sulfide is present. Ifs&kie is present, it can 
be removed by the addition of cadmium nitrate powder 
until a negative spot test is obtaiord. The sample is 
filtered and then NaOH is added to pH 12. 

8. Samples should be filtered immediately on-site be- 
fore adding preservatives for dkdwzdmetak 

9. For samples from non-chlorinated drinking water 
supplies conccntratedH SO,slmuldbe added to lower 
samplepHtolessthan2. ~esampkshouidbeanaIyzed I 
before 14 days. 



Tmm2.1 (CONTIMUED) 

10. Sample receiving no pH adjustment must be ana- 
lyzedwithin seven days of sampling. 

11. ‘Ihe pH adjustment is not requiredifacroleinwill not 
be measured Samples for acrolein receiving no pH 
adjustment must be analyzed within three days of sam- 
pling 
12.When the extractable analytes of concern fall within 
a single chemical category, the specified preservative and 
maximum holding times should be observed for opti- 
mum safeguard of sample integrity. When the analytes 
of concern fall within two or more chemical categories, 
thesamplemaybepreservedbycoolingto4”C,reducing 
residual chlorinewithO.OOf% sodium thiosulfate, stor- 
ing in the dark, and adjusting the pH to 6-9; samples 
preserved in this manner may be held for seven days 
before extraction and for 40 days after extraction. Excep 
tions to this optional preservation and holding time 
procedure are noted in footnote 6 (requirement for 
thiosulfatereductionof residual chlorine). 

13. If 1,2diphenylhydrazine: is likely to be present, ad- 
justthesamplepH to4.0 + O.Z!topreventrearrangement 
to benzidine. 



TmLE 2.2 RECOMMENDATION FOR 
SAMPLING AND PCt;rE@ERVATION OF SOIL 

SAMPLES ACCORDING TO MEASUREMENT* 
Vol. 
Recn. Holding 

Measurement (Oil) Containerb PreservativeCL Time’ 

Inornaaics. Non-Metallics 

Petroleum 
Hydrocarbons 3,2 G Cool, 4°C 28 days 

Metals 

Total Recoverable 8 G Cool, 4°C 6 months 

Extraction Procedure 
Toxicity 32 G -’ Cool, 4oc 6 months 

Ornanics 

VOCs and Xylenes, 2x4 G Cool, 4°C 14 days 
EPA Method 8240 

Extractable Priority 
Pollutants 32 G Cool, 4°C 
EPA Method 8270 

14 days-extraction 
40 days - analysis 

Morespecificinstructionsforpreservationandsam- 
pling are found with procedures as detailed in 
EPA-600/4-79-020, revised March 1983, and in the 
Federal Register, Vol. 49, No. 209, Oct. 26,1984, 
EPA 40 CFR Part 136, Table II. 

Plastic(P) or Glass (G)I. For metals, polyethylene 
with a polypropylene cap (no liner) is preferred. 

Sample preservation should be performed immedi- 
atelyuponsamplecollection. forcompositesamples, 
each aliquot should be preserved at the time of 
collection. When use of an automated sampler 
makes it impossible to preserve each aliquot, then 
samples may be preserved by maintaining at 4°C 
untilcompositingandsa.mplesplittingiscompleted. 

When any sample is to be shipped by common 
carrier of sent through the United States Mails, it 
must comply with the Department of Transporta- 
tion Hazardous Materials Regulations (49 CFR 
part 172). The person offering such material for 
transportation is responsible for ensuring such com- 
pliance. For the preservationrequirements ofTable 
1, the Off& of Hazarldous Materials, Materials 
TransportationBureau,DepartmentofTransporta- 
tion has determined that the Hazardous Materials 
Regulations do not apply to the following materials: 
Hydrochloricacid (HCl) inwatersolutions at con- 
centrations of 0.04% b:y weight or less (pH about 
1.96 or greater); Nitric iacid (HNO,) in watersolu- 
tions at concentrations of 0.15% by weight or less 

e. 

E 

& 

h. 

i. 

(pH about 1.62 or greater); Sulfuric acid ( 
s 

SO,) 
in water solutions at concentrations of 0.3 % by 
weight or less (pH about 1.15 or greater); Sodium 
hydroxide(NaOH)inwatersolutionsatconcentra- 
tionsof0.08% byweightor less(pH about 12.30or 
less). 

Samples should be analyzed as soon as possible after 
collection. The times listed are the maximum times 
that samples may be held before analysis and still 
considered valid. Samples may be held for longer 
periods only if the permittee,or monitoringlabora- 
tory, has data on file toshow that the specifictypes 
of sample under study are stable for the longer time, 
and has received a variance from the Regional Ad- 
ministrator. Somesamplesmaynotbestableforthe 
maximum time period givenin the table. Apermit- 
tee, or monitoring laboratory, is obligated to hold 
the sample for a shorter time if knowledge exists to 
show this is necessary to maintainsample stability. 

Should only be used in the presence of residual 
chlorine, 

For samples from non-chlorinated drinking water 
supplies, concentrated H,SO, should be added to 
lower sample pH to less than 2. The sample should 
be analyzed before 14 days. 

Sample receiving no pH adjustment must be ana- 
lyzed within 7 days of sampling. 

If analysis is to include benzene, toluene, and/or 
ethyl benzene, sample must be analyzed within 7 
days of sampling. 



.- 

A critical aspect of sound sample collection and 
analysis protocols is the maintenance of strict 
COC procedures. COC procedures inchtde inven- 
torying and documentation during sample 
coilection, shipment, and laboratory processing. 
A sample is considered to be in an individual’s 
custody if the sample is: (1) in the physical 
possession or view of the responsible party: (2) 
secured to prevent tampering; or (3) placed in a 
restricted area by the :responsible party. ‘. 

3.1 CHAIN-CF-CUSTCDY 
-- 

SPECIALTY CLEANED COSTAINER 

Sample Label 

A label is attached to iali sample containers at the 
time of collection. ‘IN: label is written in indelible 
ink and contains the Ifoiknving information: 

B Sample number/identification 

n Date and time cahected 

n Purpose of the sample (anaiyte and sample 

group) 

n Source/location and location of the sample 

n Contract task mmtber and title of project 

n Preservative used (if any) 

n Collector’s name ‘or initials 

An example of a sample label is presented in 
Figure 3.1. 

Chain-of-Custody Record 

Sample custody is initiated with the detailed record 
keeping by the field sampling personnel. COC 
establishes the documentation and mntrol neces- 
sary to identify and t,race a sample from sample 
collection to final anal;ysis. It includes field sample 

FIG. 3.1 
Bottle Label 81 



labeling to prevent mix-up, custody seals to pre- 
vent sample tampering, secure custody, and provide 
the recorded support information for potential 
litigation. 

COC forms are used to clocument the integrity of 
all samples. To maintain a record of sample 
collection, transfer between personnel, shipment, 
and receipt by the laboratory, a COC form will be 
filled out for each sample set at each sampling 
location. The COC form will contain the following 
information: 

M Sample number (for, each sample in shipment), 

n Collection date (for each sample shipment) 

H Time sample was obtained/or collected 

H Number of containers of each sample 

n Sample description (environmental matrix) 

n Analyses required for each sample 

n Shipment number 

n Shipping address of the laboratory 

n Date, time and method of shipment 

n Spaces to be signed as custody is transferred. 

The individual in charge of shipping samples to 
the laboratory is also responsible for completing 
the COC form. This individual will also inspect the 
form for completeness and accuracy. Any changes 
made to the COC form shall be initialed by the 
person making the change. An example of the 
COC form is presented in Figure 3.2. 

Transfer of Custody 
and shipment 

Samples are to be accompanied by an approved 
COC record. When the possession of samples is 
transferred, the individual relinquishing the 
samples signs and records the date and time on the 
COC document. The individual receiving the 
samples repeats the procedure. This record repre- 
sents the official documentation for all transference 
of the sample custody until the samples have 
arrived at the laboratory. 

If samples are to be split with another laboratory 
facility or governmental agency, a separate COC 
record is prepared for those samples. This COC 
record indicates with whom the samples have been 
split and is appropriately signed and dated with 
the time of transfer of splits. 

The Sample Control program describes the labora- 
tory custody procedures associated with sample 
receipt, storage, preparation, analysis and secu- 
rity. Sample control is maintained at SWLO 
through the use of several tracking systems de- 
signed to protect sample integrity. Tracking systems 
include the use of laboratory COC procedures, 
locked sample storage, sample request forms, and 
sample analysis requests (in the form of project 
sheet). 

Laboratory COC procedures include sample in- 
ventory and record maintenance during sample 
collection, shipment and laboratory processing. 
The Sample Custodian (SC) manages and tracks 
the storage and distribution of samples after their 
arrival. 

An overview of the sample tracking and COC 
procedure to be employed is presented in the 
Figure 3.3 flow diagram. It includes the following 
components: 

1. 

2. 

Laboratory COC documentation is initiated 
by the SC when the sample is relinquished by 
the courier. 

After sample shipment arrival, the SC begins 
sample inspection and log-in. Cooler tem- 
peratures are recorded for those clients 
requestingit,othenvisesampiesxeceived.warm 
will be noted on the Chain-of-custody. Samples 
are checked for preservatbrn in the sample 
preparation area and recorded on E&action/ 
Digestion Logs. All sampks are inspected: 
comparisons are made be&veen the clients 
paperwork and that paperwork supplied by 
the Project Officer (i.e., Sample booking In- 
formation, Figure 3.5). Amma&& are noted 
in the COC form and the Gent/Lab Commu- 
nication sheet (Fllre 3.6) as the client is 
notified. 
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RG. 3.3 Chain of 
Custody Sample Tracking 

Flow Diagram 
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INITIAL CONTACT FORM 

*Client2 _ 

> Client Contact: 

> Client P.O. No: 

> Biiing Instruction!;: 

N Date: 

N Phone No: 

* proposal: 

> Analytical Rfquest!;: 

> Method Requesrs 

l Detection Limits: 

> Additional QC: 

> Number of Samples: 

> Shipping Datez 

> Turnaround Time: 

> Bid Pricez 

> Comments: - 

l Maaix/Matrices 

>vrsR: 

> Duration of Project: 

> Bid Due DatE: 

- 

-- 

> Approximate $ VoIlume: 

> Award Dam > Follow-up Da& 

>Plice: > SWL Contact: - 

> Additional Information: 

- 

* kquired Qualifications: 

* Decision Criteria: -- 
> Other Bidders: 

> Data Packalqe: 

I FIG. 3.4 Project Sheet (Initial Contact Form) 1 



3. 

4. 

5. 

6. 

7. 

8. 

9. 

Each sample is assigned a unique SWLO 
laboratory identification numberwhich is cross- 

coded with the client’s identification. Sample 
identification information is entered into the 
computerized laboratory data base, and the 
assigned number is u,sed to track sample loca- 
tions and status throughout the analytical 
process. 
The following sample information is recorded 
into the computerized laboratory data base 
system: 

10. Based on specific contract requirements, any 
remaining samples are either archivedin locked I ” ” ~ 
storage areas or disposed of properly. (See 
figure 3.14) 

n Customer and project information 

In addition to the internal and external COC 
documents, a computer-generated listing of the 
sampleanalysisparametersisusedtocontroisampIe 
flow and facilitate tracking within the laboratory. 
Each laboratory unit is given the list of parameters 
and is responsible for maintaining sample integrity 
(holding time), fulfilling COC requirements, sched- 
uling sample flow, and tracking sample stam 

H Date of receipt 
3.2 PRCJIXFfIM~UA7lCN 

n Client identification 

l Date sampled Sample Custodian 

U MatrixType SC for the laboratory has duties and respousibili- 
ties that include but are not limited to: 

m Number of containers 
n Receiving samples 

n Analytical requirements 

n Other pertinent comments 
n Inspecting sample shipping containers for pr* 
ence, absence, and condition ofz 

The SC logs in samples with the tests and test 
code information supplied by the project 
officer (figure 3.5 & 3.7) 

Custody seals, locks, “evidence tapes”, etc 

The field COC document is completed and 
copies are returned to the appropriate party(s). 

Container breakage and/or container integ- 
rity 

After the sample is logged in, a LIMS gener- 
ated work sheet is generated (Figure 3.9). 

n Recording the condition of both shipping 
containers and sample containers (bottles, jars, 
cans, etc.) on appropriate forms 

The work sheet informs the analysts/depart- 
ments of samples in-house. 

n Signing appropriate documents shipped with 
samples (i.e., airbills, COC record(s), traf& re- 
ports, etc.) 

This internal sample tracking sheet docu- 
ments the movement of the sample from 
storage to sample preparation and back to 
sample storage. 

While within the laboratory, sample integrity 
is maintained through the use of locked stor- 
age areas. Samples remain in locked storage 
areas except when being analyzed. 

n Verifying and recording agreement or non- 
agreement of information on sample documents 
(i.e., sample tags, COC records, traffic repor& 
airbills, etc.) on appropriate fonss; if there is a 
variance, the Project Officer (PO) is notified im- 
mediately 

n Initiating the paperwork for sample analyses 
on appropriate laboratory doarmnts 

n Labeling samples with laboratory sample num- 
bers and cross-referendng laboram numbers with 
client numbers and sample tags (IFigure 38;) 

I 



n Placing samples, sample extracts, and spent 
samples into appropriate storage and/or secure 
areas 

w Controlling access to samples in storage and 
assuring that laboratory standard operating proce- 
dures are followed during sample movement 

n Monitoring sample COC in the laboratory 

m Monitoring sample tags 

n Monitoring storage conditions for proper 
sample preservation .+ 

n Returning shipping containers to sampling 
teams or clients. 

3.3 SAMPLE RECEWT 

Upon arrival at the labora.tory, all sample shipping 
containers are opened and inspected. Field sam- 
pling personnel are notified on the same day of 
any problems concerning the samples or docu- 
ments associated with the shipment. If samples 
arrive on a Saturday and ,field sampling personnel 
are unavailable, notificauon is made on the next 
working day. 

Initial Receipt 

All samples will be received by one of the Sample 
Custodians (SC). For weekend sample receipt, a 
designated person shall receive the samples and 
store them properly for sample log-in processing 
the next business day. 

All samples received shall be considered to be 
hazardous samples, and all shipping containers 
shall be opened in an approved exhaust hood or an 
approved, well-ventilateid area. All personnel 
associated with sample receipt are required to 
become familiar with safety procedures for the 
handling of hazardous saimples. 

The objective of the sample receipt procedure is to 
ensure that all pertinent. information about the 
condition of the sample is recorded. 

Examination elf 
Shipping Corttalner 

The SC or will examine the shipping -tamer and 
shall record the following information oar the 
COC sample log-in sheet. Only one project or 
sample batch may be recorded per sheet. 

n Condition of container, noting any damage, 
etc. 

w Presence/absence of COC seals d their con- 
dition 

H Labeling on shipping container 

Opening Shipping ContaEner 

No shipping containers should be opened except 
under an approved hood or in an appruwzd, well- 
ventilated area. Approved hood space and/or 
approved, well ventilated areas shall be deter- 
mined by the Laboratory’s Health and Safety 
Officer or the Corporate Health and !S&ety Of- 
ficer. Prior to the removal of sample~plas&backed 
absorbent pads should be laid out toreceivesample 
bottles. The SC shall note on the sample log-in 
form the following: 
n Presence/absence of the COC record(s) 

n Presence/absence of airbills a&#or bills of 
lading documenting shipment of samples 

n Necessary project and sample information en- 
closed with the shipment 

n When samples arrive without ie or blue ice. 

Sample Rem-# 

The SC shall note on the COC form the foIl&ng: 

n Condition of samples (intact, -ken, leaking, 
cold or ambient, headspace in VOA vials, etc.) 

n Presence/absence of sample tags 

If the sample tags are present: 

n Record sample tag document comroi numbers 



n Compare sample tags with COC record(s) 

m Document whether these numbers agree 

m If the sample tags are not listed on the COC 
record, record this fact. 

If an odor is noticed after opening the shipping 
container prior to sample removal, it must be 
noted on the COC. 

Sample Document Verification 

The SC will compare the following documents to’ 
verify agreement among the information con- 
tained on them: (a) COC; (b) sample tags; (c) 
prepared project sheets; and (d) contract require- 
ments. The SC shall document agreement among 
the forms and shall note any discrepancies found 
on the sample log-in sheet. 

n If ail samples recorded on the COC record 
were received and no problems observed, the SC 
will sign the COC record in the “received for 
laboratory by” box. 

n If problems are noted, the SC will sign the 
COC record and note problems in the “remarks” 
box or reference another form that details the 
problems. 

n If discrepancies are found, they shall be re- 
ported to the PO for clarification. 

In addition, samples to be analyzed are checked 
for holding time requirements as listed in the 
Tables 2.1 and 2.2. Where sample preservation 
and/or sample holding time requirements are not 
in accordance with the table, the appropriate PO 
is notified. 

3.4 SAMPLELOG-IN 

Following inspection of shipping containers, 
records, and samples, the sample information will 
be added to the project information on the project 
sheet by the SC. Should any of the project 
information be incomplete or any other problems 
arise, the sample shall be placed on hold and the 
problems will be noted on the Client/Laboratory 
Communication System Sheet (Figure 3.6). This 

problem sheet shall be forwarded to the PO for 
resolution. The samples shall remain on hold until 

1 
” ” ‘“~’ ~’ 

all information necessary for log-in is received. 
Information concerning the sample will be entered 
into the laboratory data base to maintain an 
official record of receipt of the sample; Correc- 
tions will be made once the PO resolves all problems. 

Any samples not properly preserved wiu be noted 
on the COC and the field sampling manager will be 
notified immediately of the problem. He will 
determine the necessary corrective a&on. 

In the event holding times may be exceeded, the 
PO shall contact the field sampling manager or the 
client immediately to correct any log-in problems. 
In the event holding time for analysis is exceeded, 
the PO or SC shall notify the field sampling 
manager or the client and request either resampl- 
ing or instruction for proceding with the analysis. 
If analysis is to be performed on the origina 
samples, the PO shall note the fact that the 
holding time has been exceeded, and a comment 
to this effect shall be added to the final report. 

When clients supply their own containers or when 
bulk samples are received, the SC shall split the 
samples to provide sufficient aliquots for each 
analytical procedure that is to be performed. The 
following guidelines shall be used to determine 
the manner in which samples are split 

Water samplw - Inorganic 
ParamMere Onty 

The SC with the appropriate laboralory section 
manager determine the minimum sample quauti- 
ties required for analysis. If insa&EeM sample 
exists to produce the aliquots needed, the SC shalI 
contact the PO for a priority list of parameters, 
shall split the samples into proper containers, and 
shall complete the log-in procedpue. 

Water Sampleas - OnrganZc and 
lnorganlo Parametecrs 

When bulk samples arrive f6r both imnganic and 
organic analysis, the SC or personnel doing vola- 
tile analyses shall split out a portion for any 
required volatile analysis a& transfer the sar~ples I 



CLIENT BOOKf NC SHEET iE%LEUF 

N 
DATEDFCAll' CLIEW 

CLJENTCDNTALX- PROJECT' 

SHIPDAlES REQUIREDTAT 

DELMRABLES: CLP Q TAB-OCQ SPECIALD CONTFIACT. .- 
MS DEPARTMENT 

GC DEPARTMENT 
HERB PAH EXPLDS. OlHER 

WC1 sg OQWfJ sg opwm sg OQWR sg OQ 

INORGANIC DEPARTMENT 
FURNACE Hg-CV CM WETCHEM. 

'Wf-J SD opwg sg 00 wm SQ OQWR so op 

AATS 
TPH MOD-801s TPH 418.1 O&G OTHER 

'WR sgopw~ sgol-JwfJ sgol;;ls SROQ 

TESTCODESKOMMENTS: 

S~~~~~~~~~B~TO~OFO~,INC./AMERICANANALM~CAL&TECHN~CALSE~ES,INC. 
17oow.Ald.w'BnOIWAUOW, Oawm74012 l oFRcr(918)251-2858 l F~(918)251-2599 IQAoloo492411 

FIG. 3.5 Client Booking Sheet 



CLIENT/L 
COMMU 

\BORATORY -QRKERs imhwmwa 
WATION SYSTEM 

> in referax to dam fbr dw Mowing sample numbed 

> Sumary of Questions&sues Discussed: 

l Summsxy of Raolutiom 

SigVW.U%!: 
> Disaibution: 0 labCopy 

DU tl: 
U Client Copy u ProjatOflic6~~ 

SOUTHWEST LMORATORY OF OKLAHOMA, INC. 0 AMERICAN ANALYTICAL & TECHNKAL SERVICES Ix. 
17oow.krrvlr.ftaowEunow,o~ 74012 l ofFu(911)251-2858 l FrJI(918)251-2599 PD-=W 

1 FIG. 3.6 Client/Laboratory Communication System[ 
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ANALYTICAL REQUEST FORM iLfs!tEFNC 

I >CO& 
* Clint Contacc l Phone No.: 

*PtOjCCtNUtM!Z > P.O. #: 

b lmcation:. MeceiptDa~ 

>Dehwmbles: 

ANALYTICALREQ~ 

!Sampte ID Qumti9. Matrix code ode code chde TAT 

4 

* special Pfovhionr 

* Reporting Ad&m 

> Billing Addresr: 

*!WLConmcc > Date PrepmA: 

SOUTHWEST LABORATORY OF OKLAHOMA, INC. 
17oow.hMNv.t3lloafuARnow,~ 74012. OffKE (918)251-2858 l F~x(918)251-2599 [SROO2&l9241~ 

I FIG 3 7’ Sample Request Form/Analysis Request Form 
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SAMPLE LOG-IN SEEET 

Lab Nuns: 

Received By @inI Name): _ Log-” Date: 
I 

Recelvtd By: (SlSnahm): __ 

Cue Number: I CORRESPONDING I 

Sample Dollvery 
hnap No: 

SAS Nnmbcr: 

EPA 
SAMPLE 

I 

REMAJWB: 
SAMPLE ASSIGNED CONDITION 

TAG LAB OF SAMPLE 
w # SHIPMENT, ETC. 

REMARKS: 

1. Cwtody Seal(s) 

2. Custody Seal Nos.: -- 
-- 

3. Chain-of-Custody Pmsent/Abscnl’ 
RWXKIP 

4. Traffic Reports or Prwra~l/AbscntI 
Packing List 

5. Airbill Aiabill/Stlcker 
PmsenI/Absent* 

5. AirbillNo: ,-- 
-- 

7. Sample TaSs 

Sample Tag 
Numbers 

Rcrcnt/Abrent 

Lirtod/Not Listed 
on Chain-of- 
Custody 

6. Sample Condltfon: intact/Broken*/ 
L&ivlg 

9. Does infommtion on 
custody records. traffic 
raptis. md sample 
tags mgree7 YCB/Nb’ 

10. Date Received at Lab;-,- 

11. Time Received 

Smnple Transfer 

FnCUOll: -- 

AI= Y: -- 

By: -- 

On: -- 

* contuf SMO and llnach rccad of rcsdution 

RcmivedBy: -- 
Dti 

Logbook No: 
Logbook PaSc No: 

FORM DC-1 

FIG. 3.8 (cont.) EPA-CLP Sample Log-In Sheet 



$;OU'rHL.JES-f' LABORfUORY Of' OKLAINOHA. .l NC. Ihte: 10/27/m 
1700 w. ALBA)JY SUITE c LIpml.sod(*: 16075 
BROKEI+ AHKOW, OK 74012-1421 C:Liurrt: EPA 

pI-o,iect: ;-21();52 

&%lI:'LE LO&-IN HE[:ORI) 

snnPLE 4 DnTE IN MSCRXPlXQH SDS MA NC TEST PM DUE CONTAINER OESCRIPTXON R6SiR.16 AMLIST MTEfTlllE 
_1_1____1_______-_1__I------------------~-----------------------------~----~- 

lb075.01 lOiZ5193 FT919 tan/W: n 19 SC815 4 11114193 INIOPUR PEST CLP DLtlOlC 

EXTRACTIDII Ill 10126193 

II5315 4 11114193 ABCDEF VOA-aP 0Lll01.8 --- 

is515 4 11114193 SHldKL BNA UP 0LHOI.B . 

EXTRACTXDW 1s 10/25193 

16075.02 X0125/93 Fl920 ICkSEI2SOSZ) Y b 6CBl5 4 11/14/93 EF 

15315 4 11114193 IS 

ns515 4 11114193 CD 

PEST CLP OLflOlb 

EXTRACTION m 10126193 

VOMLP OMOl.8 

BUA UP 0LWOl.B 

EXTRRCTXDN n 10125193 

Xbo75.63 10125193 FT921 (CMEI2XO.32) II 6 6ca15 4 11/14/93 EF PEST CLP OLHOlb 

EXTRACTXDW Ill 1012bm 

IS315 4 111~4193 AB VtlA-cLP 0LllOl.B 

lls515 4 11/14/93 CD BM CLP OLn01.a 

EXTRACTION n 10125193 

lb075.04 10/25/93 FT922 lCASEl21032) 

Total sup155 = 4 

Y b 613815 4 11114193 EF PEST CLP OLHOlb 

EXTRACTlON Ill 1omm 

II!3313 4 11114193 18 WkcLP oLA01.8 

II5915 4 u/14/93 CD nun ALP ou1oi.11 

EXTRACTIDW n &O/25/93 

FIG. 3.8 Sample Work Sheet 
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FIG. 3.10 Internal Samp eTracking (Extraction Log) 
1 



VOIATILES W/MS RUN LOG wzsm 

SWOK / AA-E 

II 

SWl./AATS l 1700 WED ALBANY l BROKEN ARROW, OK 74012 F--l 

FIG. 3.11 Internal SampleTracking (Volatiles GCMS Run tog) 



iUL0 / ARTS Sarolt Digestion Record 

Dstm : 041ov1994 Batch: 44059411 Analyst: T6 
rypt t uboci nc!D Dwmn - mvnn tiimt: UP-PRI MbTI Watrir: k 

lnitisl Fix4 CoIor co lur 
L&G ID Client ID TYP Ycqk? Ueiqk! More Lftcr Teriurc pi Ccmmts 

PRU LB IOP, I!L 100 IL 

LCSY BS 100 II; 109 IIL 1.0 IL Y-I,E-21t5 

17024.0! !4OSORDOO275 50 19, 50 IL CD/CL CO/CL (2 

17a24.OHS 9403OWW275 50 !!I. 50 1 CVCL COKL 12 0.5 IIL Y-l,Y-2,15 

17R21.0118D q403ORDOO275 M K 50 I!: CO!CL CO!CL !2 0.5 a Y-I,Y-?,15 

17824.02 440309no5370 too I(! fO? Iu CD/CL WCL (2 

17R24.03 v40309nom too nL 10” NL CR!CL C”“i ” II I c: 

17924.04 4'40309no5376 !OO Hi 100 a CD!CL cwx a:2 

17a36.01 5~40309Goo282 :oo t!L 103 I MlEL cora ,* 6 .‘ 

17636.02 ?403D9DoD2a3 100 NL 100 R CRIC: ava 12 

17836.02t!S ~‘43209GOO283 1OG L !OC !lL CR!CL xl!CL !2 I.0 l!i. Y-I.Y-2,15 

17836.02RS9 Y40309GOO283 100 "L too IK CWCL !mizL !I 1.0 HL Y-l,C-I.45 

17636.93 ~~403fo~~2a4 

17936.04 “403LlLO5412 

17036.05 :1403unos433 

17836.36 :f4e3uno5415 

17836.07 “403101105394 

17836.08 v403un05414 

17a60.01 '!4x:4Goc285 

1786O.O:I(S ‘!4G314GOO285 

17B60.01flSP ‘t4031400’)285 

1x I!? 1% IL mm mii 

I’)0 ML IO0 I!: Km CR/CL 

loo a lC.3 fll Cc!lCL CD/CL 

100 tn 100 I!!. CWCL COKL 

loo HL !OO R CoIa iRlcL 

!M u!. lQ:! I(? CG!CL WC? 

5c K 50 ni COOL co/a 

50 HL 59 I(: CWCL CIYCL 

50 ni 50 m WCL Ccvcl 

C? 

‘2 

(2 

(2 

r2 

(2 

!i 

(2 0.5 ItI. Y-!.Y-2,15 

,r ‘. 1 0.5 II Y-I,Y-2,l5 

17a60.0? ‘~40314GOO286 100 IN. !OO nl CWCL zG[I/CL c 

17860.03 ‘?40314GoO2S7 100 t!L 100 IL 30/c; WCL I2 

1 FIG. 3.12 Internal SampleTracking (Sample Digestion Record) 1 



- SA:.:Y.E DISTILLATION RECORD F+AGEIOFUOCXU 
INORGANIC DEPARTMENT 
oblwbn Dal*. Dii @&II No. 

Typ ol hl4tya* Clhlll MmJk 

I I I I I I 
SOUTHMST LtKMAlWr of OKLAHOMA, INC. . 1700 W. .~WNV. &orw Amow, OWOMA 74012 l OfKI (918) 251.2858 l Fu: (911)) 251-2599 puwo2934 

FIG. 3.13 Internal SampleTracking (Sample Distillation Record) 
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SAWCE 
. . ..---- 

5447.08 
3447.09 
3447.10 
9447.11 
5447.12 
5447.13 
544’1.14 
3447.15 
5447.16 
5447.17 
5447.18 
5447.19 
3447.20 
+447.21 L 
5447.22 
b447.23 
5447.24 
5447 -2s 
5447.26 
3447.27 
b447.23 
Cl447.29 
$447. JO 
5447.31 
$447.32 
5447.33 
5447 34 . . 
5447.25 
S447.36 
3447.37 
w47.313 
5447.39 
5430.01 
54s2.01 
MS2.02 
SY52.03 . 
S4YZ. 04 
s452. OS 
A45;?.OQ 
c1452.07 . 
tb452.00 
54s2.09 
$452.10 
54631. -01 
5466.01 
S4b6.02 
3466.03 
5466.04 
5467.01 

CLIENT 
------- 

RSIW) 
R!3W 
HSlWI 
KS86 
/gS(Y, 

‘Us86 
R!ah 
RglISI 
USUI 
Raw 
Rs84 
REiU 
RSM 
RslA 
usa& 
RSUI 

RSU4 
Rm 
RQM 
UslA 

RSbl) 
KS&A 
RSlYI 
KM 
KSiI& 
usa 
RSlYI 
RSIY) 
RSdA 

KII’ICLARK 
FHC 
FHC 
FHC 
FHC 
FHC 
FHC 
FHC 
FHC 
FHC 
FHC 
RSdYlsQSiLX: 
twc18 
ATAS 
A TAS 
ASAS 
Cs’rcIs 

DESCRIP’rTl.IN 
---------------..---- 

MU-2 
mw- 2 I A 
mw-210 
mw 114/H 
mu-:iB 
MU-3 0’ 
MW-2 
mW-4 
mw-14 
MW-2& 
FM-1 SA 
-2 E, 
w-34 
TRIP M.ANK 
nw-6 
NW-24 
NW-23 
Mw-ii~A 
nw-1L.m 
MU-lib 
mu-P? 
mu-33 
“W-31 
Mw-30 
EQUIP LZLANK 
IIW-11A 
llw-lwr 
NW-1Y 
mw-ihi 
mw+i’ 
FM-2tl 
TRIP BLANK 
UMTFALLOOl 
5-l 
J-2 
S-3 
s-4 
S-5 
6-l 
6-2 
6 -3 
6-4 
6-Y 
$211.01 
1788.01 
1788.02 
1788.03 
1788.04 
1799.16 

IIA IRIX HEPUR7ED 
--e-w.. 

w 04/OJ~Yl 
ltt 04/03/91 
bl 04#b2291 
w G4/03/Yl 
W 04/03.~?1 
W 04/03/91 
w 04/09/91 
w 04/ow91 
W 04/03/91 
w ‘M/OTJ/Pl 
W 04003/91 
W 04/03/91 
W 04005/91 
W w/03/91 
W 04/03/a 
W w/ow91 
W 04/03/91 
W w/09/92 
W 04/03/9 1 
W 04/03/91 
W 04/0;5/91 
W 04/o.w91. 
W 04/03/Y 1 
W 04/o;s,‘Yl 
W 04/03/91 
w 00~03/Yl 
W 04/ia/Yl 
w w/03/91 
W ‘04/09/91 
W 04102v91 
W Q4/03/91 
w 04/ow91 
W 04/01/91 
"i 04/OW71 
s 04/03/91 
s 04mw71 
s (*9/03/91 
s 34/03/91 
I- W/O3/9L 
iii 04/03/91 
':j 04/03/w 
s 04/03/Yl 
$5 04/OWYl 
W W/Ol/Yl 
5 04r02/71 
s 04/02/91 
:j 04/02/91 
!i awavY 
!fi awow 

FIG. 3.14 Sample Archive Record Sheet 
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to the Process Laboratory where the remainder of 
the organic split shall be made by the Organic 
Extraction Group Leader. The sample will be 
returned to the SC to complete samples splitting 
for the inorganic portion, as described above. 

Sediments/Soil Samples 

Every effort will be made to acquire duplicate 
aliquots of these matrices. The sample will be 
made homogeneous after any portion required for 
volatile analysis has been. removed by one or all of 
the following procedures: .I 

W Stirring 

n Air drying and grinding 

W Particle separation 

m Quartering 
The Organic Extraction Group Leader shall ob- 
tain the aliquot for organic analysis after any 
portion required for volatile analysis has been 
removed. The remainder shall be given to the 
Inorganic Laboratory Supervisor for further split- 
ting. If insufficient material exists to provide 
minimum quantities, the PO shall provide a prior- 
ity list of parameters. 

3.6 SAMPLE SECURITY 

Samples are in locked storage areas except during 
laboratory analysis. The work sheet informs the 
analyst of what samples are needed for sample 
preparation and/or analysis (Figure 3.8). Internal 
custody of the sample is documented in the Sample 
Digestion/Extraction Logs, or in the case of Vola- 
tiles, the GCIMS Run Log (see Figure 3.9 through 
Figure 3.12.) All laboratory personnel who receive 
samples are responsible for the care and custody of 
samples from the time each sample is received until 
samples (or appropriate documentation as to dis- 
position of the empty containers) are returned to 
storage. All subsets (extraction, digestates, etc.) of 
the samples shall be kept in locked storage which 
is controlled by the appropriate laboratory man- 
ager. (See Appendix D, Standard Operating 
Procedure for Laboratory and Sample Security.) 

3.7 SAMP’LE STOWE I .‘, . . ..I. 
AND DISPOSAL 

Once the samples have been logged into the 
computer system, the SC shall be vi for 
the following: 

Sample Storage 

1. Samples and extracts shall be stored in a 
secure area. 

2. Samples shall be removed from tk shipping 
container and stored in their originaI contain- 
ers unless damaged. 

3. Damaged samples are to be documented and 
PO or the client is contacted immed%ely to 
notify him of the damaged samplea 

4. Storage area is to be kept secured at all times. 
SC will control access to the storage area. 

5. Samples removed from storage wiu be dock- 
mented. All transfers of samples are 
documented in the internal COG 

6. VOA samples will be stored aepamtnly front 
other samples. 

7. Standards are not stored with sampks. 

Sampleb Disposal 

1. Upon completion of the anaiysiq an arch& 
list is generated each month (Figure 3.14)‘, 

2. When sample analysis and all QC cbeckx have 
been completed and a final report has keen 
issued, the unused sample portiorr shall be 
archived for a period of not Less than 60 days 
after the report has been issued. 

3. The SC shall be responstble Bar rebmning all 
unused bottles, shipping containers, packing 
materials, blue ice packs, and ifrequeJa#l, the 
unused sample potions to the cpiaat 

4. Any sample remains shall be properly dis- 
posed of after a 120day period, unless further 
instructions are received from the XI of cti- 



eat. Sample disposal shall be documented on n Analyses and required preservation techniques 
the archive list. (Figure. 3.14.) 

w Sample cooler temperature readings. 
5. For more information (Details on Disposal of 

Samples & Waste) see Appendix D-25. 

Corrections to Documsntatlon 

3.8 FMLD DOCUMBNTAl7ON When it becomes necessary to make corrections to 
any form of documentation (e.g., sample tags, 
COC forms, daily logbooks), the obsolete informa- 

Field Sample Identification tion is crossed out with a single line and the 
changes are made and initialed by the person 

Sample tracking is accomplished in the field by making the change. 
assigning each sample a unique number as it is- 
collected. This number is traceable back to the 
day, time, site, and depth (where appropriate) of 
collection. This is recorded on a sample label and Disposition of Documentation 
the COC form as well as i.n the field logbook. All 
containers are labeled prior to actual sampling. Upon conclusion of the field effort at a sampling 

site, all field documentation (i.e., maps, well logs, 
logbooks, photographs) is clearly labeled and placed 

Dally Logs in the project files. 

Daily logs are kept during field activities by the 
Field Supervisor at each site. These daily logs are 
kept in a bound field notebook of water-resistant 3.9 LABORATORY 
paper. All entries are made legibly in indelible ink, DOCUfMEMTAllON 
signed, and dated. Information that is to be 
recorded in the field notebook includes: 

n Date, time, and place of sampling Samples Labeling/ldentifloation 

n Field QC samples, as applicable The SC shall assign laboratory sample numbers. 

n Weather conditions at time of sampling, in- These numbers will be listed on a document to 

eluding ambient temperature and approximate cross-reference with the client number, sample tag 

wind direction and speed number, and laboratory sample number. 

n Data from field analyses (e.g., temperature, Laboratory sample numbering is comprised of an 
specific conductance, pH, and alkalinity of water “Episode” number (Episode meaning client batch) 
samples) followed by .Ol for the first sample, .02 designating 

second sample, etc. The@ numbers are sequen- 
W Turbidity of water samples tially generated by the SWLO “LIMS” system. 

n Data from physical tests (sludge tests, etc.) SWLO ID Client ID 
4 Observations about site and samples (odors, Example: 3001.01 Sample A 
appearance, etc.) 3001.02 Sample B 

3001.03 Sample C 
n Information about any activities, extraneous 
to sampling activities, that may affect the integrity 
of the samples (such as low-flying aircraft nearby, This unique sample number shall be used for 
fossil-fueled motors being used nearby, painting sample identification during storage, analysis and 
operations being carried out upwind of sampling data reduction, data validation, and reporting. 
sites, etc.) 



Filling of Log-in Information 

Work sheets and internal chain-of-custody are 
sent to the various departments (i.e. inorganics, 
GChlS, GC, etc.) 

The SC or a designee will log in samples. The date 
on the receipt form will be the date of sample 
receipt in the laboratory. The time, date of 
collection, and recipient name will be noted in the 
remarks column of a COC sample log-in sheet 
(Figure 3.8); and the original receipt documenta- 
tion will be attached to the COC record. - 

Sample Log-in 
Document Storage 

There will be two repositories for documents asso- 
ciated with a project. The first repository is the 
project file. This file will contain the following 
documents: 

n Contracts, purchase orders, task order, and/or 
other work authorization 

H Original project sheet 

H Computer-generated project sheet 

n Project modification forms 

The second repository for related documentation 
is the analytical data file, which will contain a copy 
of the final project report/QC report and any 
other documents related to the project analysis 
(i.e. 1) signed airbill; 2) signed chain-of-custodies; 
3) work sheet; 4) sample tags; 5) traffic reports; 6) 
bench sheets; 7) raw data). 

Corrections to Documentation I 

When it becomes necessary to make corrections to 
any form of documentation (e.g., sample tags, 
COC forms, daily logbooks), the obsolete informa- 
tion is crossed out with a single line and the 
changes are made and initialed by the person 
making the change. 

3.9 SAMPLE PACKAGING 
AND #)HIPPING 

Preparation of 
Sampleas for Shipment 

The following is a description of the procedure 
followed when transporting environmental samples 
from the sampling site to the laboratory: 

n The outer surface of all sample containers is 
cleaned with bottled water and paper towels. 

n Sample collection points, depth increments, 
and sampling devices are identified and docu- 
mented. 

n Log book entries, sample tags, COC forms, 
and field record sheets with sample identification 
points, date, time and names or initials of all 
persons handling the sample in the field are com- 
pleted. 

n Custody tape is wrapped around the neck and 
cap of each container. 

n Samples and trip blanks are placed into a 
sample cooler provided by the laboratory along 
with blue ice packs. After a cooler is filled, the 
appropriate COC form is placed inside the cooler 

FIG. 3.15 Example Custody Seal fo* 
Sample Containers/Coolers 



and the outer surface of the cooler is cleaned. 

m Glass sample containers are wrapped with 
plastic insulating material to prevent contact with 
other sample containers or the inner walls of the 
cooler. 

m Once all packaging is completed, each cooler 
is sealed with identifying labels/custody seals (see 
Figure 3.10) which are initialed by the field sam- 
pler for COC procedures. Custody seals are placed 
across the binding tape that secures the lid of the 
shipping container for both the front and back side 
of the container. For the back side, the custody 
seal is placed across the hinge, if possible. 

n Samples are classified according to the De- 
partment of Transportation (DOT) regulations 
pursuant to Title 49 CPR. 

n The laboratory is then notified prior to ship- 
ment that samples are being sent to the laboratory 
for analysis. This notice s.hould be given at least 24 
hours in advance of the expected sample arrival 
date. Notification includes shipping information 
(i.e., airbill number, courier company, number of 
shipment containers to be sent). 

Shipping Contalners 

Samples are packaged in thermally insulated, rigid 
coolers, according to DOIT specifications 173.510 
and 172 Subparts B, C, and D, and Subparts A and 
B of Part 173. Sample containers are placed in a 
cooler that contains blue ice and absorbent pack- 
ing for liquids or Styrofoam packing for solids. The 
completed COC form is placed inside the shipping 
container, unless otherwise noted. 

Markitig and Labeling 

The cooler is marked as follows: 

n Proper shipping name: Hazardous &&stance, 
liquid, or solid 

n Hazardous class: To be determined (label 
placed in upper left comer of outer container) 

1 Labels: “This Side Up” or arrows placed on 
the opposite side of the outer container if a liquid 
is to be shipped 
n Custody tape is wrapped twice, in a single 
strip, around the outside of each cooler and 
initialed. 

A hazardous material shippers certification is filled 
out and will accompany the shipment. The con- 
tainer is secured with strapping tape to prevent 
leakage. 

It is recommended that an overnight express ser- 
vice (i.e., Federal Express) be used f’or sample 
transport. If an air freight service is used, samples 
can be picked up at the airport (located 20 minutes 
from the laboratory). When samples are scheduled 
to arrive at the laboratory on a Saturday, the 
laboratory must receive notice of this shipment at 
least 24 hours in advance. 



Calibration is the process for determining the 
correctness relative to physical or chemical stan- 
dards used or assigned values in scales of measuring 
instruments. It establishes a reproducible refer- 
ence point to which all sample measurements can 
be correlated. Instruments are calibrated as per 
method (i.e., SW846 CLP-SOW, etc.) The follow- 
ing are examples of those calibrations. .I 

4.1 FIELD EQUIPMENT 

All field equipment is calibrated daily prior to use, 
and immediately recalibrated if field personnel 
suspect that the calibration may have been altered. 
Reasons for such alteration include change of 
batteries, equipment bei.ng dropped or knocked 
around, or significant changes in temperature 
since the last calibration. Since instrumentation 
and procedures are continually being updated, 
field personnel are required to consult the appro- 
priate instruction manual for calibration 
instructions. 

Specific Conductance Meter 

n With the instrumenr turned off, check the 
meter’s mechanical zero setting. Adjust the screw- 
driver adjustment control on the meter face if 
necessary to obtain a zero reading. 

n Press the power switch to on and press the 
battery check switch. Verify the meter needle 
deflects to the battery ch.eck area. 

n Connect a clean, dry probe to the instrument. 
Remove the instrument from its carrying case and 
place it on a padded surface. 

n Press the O-2 range: switch and verily that the 
meter reads zero. If it does not, adjust the null 
adjust potentiometer RB’9 on the amplifier circuit 
board to obtain a reading as near zero as possible. 
n Press the O-2000 ra.nge switch. 

n Immerse the probe in the 1000 mg/l sodium 

chloride solution. The meter should read 1990 
uhos/cm. If it does not, adjust the standardization 
potentiometer R32. 

pH Meter 

n Connect the two probes to the appropriate 
jacks on the instrument panel. Be sure that fill 
hole in the pH electrode is uncovered. The fill 
hole is to remain covered at all times except for 
calibration and pH measurement. When the elec- 
trode is not in use, slide the rubber sleeve over the 
fill hole. 

n Prepare pH 4 and pH 9 buffer solutions by 
dissolving the contents of one powder pillow of 
each in separate beakers containing 50 mL dem- 
ineralized water. 

n Select the T(c) mode and measure the tem- 
perature of each buffer solution. Referring to the 
temperature coefficients table, determine the ac- 
tual pH values of the buffer solutions for those 
temperatures. Calculate the difference between 
the two pH values. 

n Immerse the probes in the pH 4 buffer solution 
and select the pH mode. Allow approximately 30 
seconds to reach equilibrium and adjust the CAL 
control to obtain 0.00 reading. 

n Remove the probes from the pH 4 solution and 
rinse thoroughly with demineralized water. 

n Immerse the probes in the pH 9 buffer solu- 
tion. Allow approximately 30 seconds for the 
probes to reach equilibrium. Adjust the SPAN 
control for a reading equal to the difference value 
calculated above. 

n Adjust the CAL control for a reading equal to 
the actual pH value of the pH 9 buffer as adjusted 
for temperature. 

n Rinse the probes thoroughly with demineral- 
ized water. 



Water bevel Indicator 

This instrument arrives calibrated by the manufac- 
turer for water level measurement. 

Digital Thermometer 

This instrument is calibrated against an NBS ther- 
mometer at least 2 points within the anticipated 
range. 

Geiger. Counter _, 

Geiger counters are sent annually to an indepen- 
dent contractor for calibration. 

4.2 LABORATORY 
INSTRUMENTATION 

-INO~RGA#2,~;EMISTRY 

Atomic Absorption 
Speetrophotometer Systems 

(AA8)/induortiveiy Coupled 
Argoa-Plasma Emission 

Speortrophotometer (ICAP) 

For AAS systems (i.e., flame AA, graphite furnace 
AA and ICP), the instruments are calibrated daily, 
and each time the instrument is set-up. Appendix 
C lists the instrument operating parameters em- 
ployed in the analysis. 

Calibration standards are prepared fresh before 
each analysis and are discarded after use. These 
calibration standards are checked for traceability 
using NBS reference standards or EPA QC solu- 
tions. Appendix D contains a list of NBS and EPA 
reference standards available for laboratory use. 

The following QA/QC requirements are employed 
for the A4 calibration:: 
a. Initial Calibration Verification (XV) 

H The accuracy of the initial instrument 
calibration must be verified and documented 
for every analyte by the analysis of an Initial 
Calibration Verification solution (ICVS - i.e., 
an NBS, SRM or EPA QC solution). When 

b. 

C. 

measurements exceed the control limits of the I 
ICVS or within the target range values sup- 

,,,,, /, 

plied by the QC solution, the a&iysis must be 
terminated, the problem corrected, the in- 
strument recalibrated, and the calibration 
reverified. 

H If the ICVS is not available, or if a certi- 
fied solution of an analyte is not available 
from any source, analyses shall be conducted 
on an independent standard at a concentra- 
tion other than that used for calibration, but 
within the calibration range. (See Appendix 
D for Criteria and Guidelines for Standard 
Traceability) 

W The ICVS must be run at each wavelength 
used for analysis. 

Calibration Blank 

n Must be analyzed each time the instru- 
ment is calibrated. 

H Must be analyzed at the beginning and 
the end of the run, and at a frequency of 10% 
during the run. It is also analyzed after a 
standard run or after a contaminated sample 
run to check for carry-over contamination. 

n Blank results are to be reported down to 
the instrument detection limits (IDL). 

n If the result is greater than method detec- 
tion limit (MDL), the analysis is terminated, 
problem corrected, the instrument recalibrated 
and calibration reverified. 

Continuing Calibration Verification (CCV) 

W CCV must be performed for each analyte 
at a frequency of 10% or every two hours 
during analysis, whichever is more frequent. 

H CCV must be also analyzed for each ana- 
lyte at the beginning and at the end of the 
analysis. 

H The analyte concentration in the CCV 
must be near the mid-range of the calibration 
curve. 
n The same calibration standard must be 
used throughout the analysis for a particular 
case. 

I 



TABLE 4..1 INTtRFER!ANT AND ANALyF”g ELEMENTAL 
CON-CEhl~TfONS USED FQR ICP INTER~R:ENCE 

CHECK SAMPLE 

Ag 1.0 Al 500 
Ba 0.5 ch SO0 
Be 0.5 Fe 200 
a 1.0 Mg 500 
co 0.5 
a- 0.5 
al 0.5 _. 
Mn 0.5 
Ni 1.0 
PI, - 1.0 
v - 0.5 
zn - 1.0 

n If an EPA ICP checksample is not avail- 
W One of the following standards can be able, an independent IB check sample is 
used for continuing calibration verification: prepared with the interfesant and analyte 

concentration at the levels specified in Table 
1. EPA Solution 4.1. The mean value and d&e standard devia- 
2. NBS SRM tion is established by inlM4y analyzing the 
3. In-house prepared solution from an inde- prepared check sample at Ieast 5 times for 

pendent standard each parameter. Contrd &nits are then 
established for the in-hwse prepared soln- 

n If the CCV’ results exceed the specified tion. It must fall within + 20% of the mean 
control limits (i.e., 95% confidence limits of value. 
the true values or the given target range 
values), the instrument must be recalibrated If an interference cannot be resolved successfully, 
and the preceding 110 samples or less reana- a standard addition technique will be used for 
lyzed for the analytes affected. both AA and ICAP. Standards aPthe analytes will 

d. ICP Interference Check Sample Analysis (ICS) be added to the duplicate santl& and the concen- 
tration of the analyte(s) can be determined’ by 

n To determine if interelement and back- difference. 
ground correction is required, ICS is analyzed 
at the beginning and end of each sample The following requirements adz eznployexl when 
analysis run (minimum of 2 times for every 8 using a method of standard a&&ion for graphite 
hours). furnace analysis: 

n Data must be within the Iinear range deter- 
n Results must fail within the control limits mined by the calibration curve. 
of + 20% of the EPA supplied true values for 
the analytes included in the ICS. (See Table n The sample and the three spikes must be 
4.1 for list of analytes and interferants in the analyzed consecutively. 
ICP check sample). If not within the control 
limits, the analysis is terminated, the problem n Only single injections am required. 
is corrected, the instrument is recalibrated, 
and the samples are reanalyzed. 



n Spikes should be prepared such that: 

1. Spike 1 is approximately 50% of the sample 
absorbance. 

2. Spike 2 is approximately 100% of the 
sample absorbance. 

3. Spike 3 is approximately 150% of the 
sample absorbance. 

Speotrophotometers 

The manufacturer instructions for instrument op- . 
eration are followed for proper operating 
procedures. 

Spectrophotometers are calibrated daily prior to 
any sample analysis. The calibration standards are 
prepared from reference materials or commercial 
standards (traceable to EPA or NBS reference 
materials) at a minimum of three concentrations, 
including a calibration blank to cover the antici- 
pated range of measurements. The requirement 
for an acceptable initial calibration is a correlation 
coefficient equal to or greater than 0.996 (based 
on statistical historical data). Before sample 
analysis, an initial calibration verification stan- 
dard is analyzed. The response of this standard 
must be within 95% confidence limit of the true 
values or target range values provided by the QC 
sample. If not, the instrument must be recali- 
brated. 

The instruments are also checked for wavelength 
calibration. For UV/IR instruments, polystyrene 
film is used to calibrate the wavelength. 

All absorption cells (i.e., cuvettes, quartz cells) are 
kept clean, free of scratches and fingerprints, and 
are rinsed with the solution to be analyzed prior to 
use. Matched cells are checked to see that they are 
equivalent by placing portions of the same solu- 
tion in both cells and taking several readings of the 
transmittance or absorbance. 

Total Orgrnb Carbon I ~ 
Analyamr (TOG) 

For TOC calibration, a known volume of potas- 
sium hydrogen phthalates (KHP) solution is 
analyzed as the calibration solution on the carbon 
analyzer. A minimum of three calibration solu- 
tions encompassing the linear range of the carbon 
analyzer is prepared and analyzed. Linear regres- 
sion analysis of standard concentration in ug C 
versus response in millivolts (mv) is done to obtain 
a calibration curve. The linear regression fit must 
be equal or greater than 0.99 (based on statistical 
evaluation of historical calibration data) or the 
standards are rerun and a new regression is calcu- 
lated. 

Gel Permeation 
Chromatwiraph (GPC) 

The following procedure is employed for the cali- 
bration of the GPC system: 

n Packing the column - Place 70 grams (g) of Bio 
Beads SX-3 in a 400 milliliter (mL) beaker. Cover 
the beads with 50/50 methylene chloride and allow 
the beads to swell overnight before packing the 
column. Transfer the swelled beads to the column 
and start pumping solvent through the column, 
from bottom to top, at 5.0 mI&n.inute. After 
approximately 1 hour, adjust the pressure on the 
column to 7-10 psi and pump an additional 4 hours 
to remove air from the column. Adjust the column 
pressure periodically as required to maintain 7-10 
psi. 

n Prepare the GPC calibration solutions as fol- 
lows: (1) Corn oil - Add 25 mg corn oil to sufficient 
amount of methylene chloride to attain a final 
volume of 250 for a 100 mg/& (2) phthalate- 
phenol - Add 1.0 g of Bis(2-ethyl hexyl) phthalate 
to sufficient amount of methylene chloride for a 
final volume of 250 ml and a final concentration of 
4 mg/ml. Add 0.15 g of neat pentachlorophenol 
into approximately 250 ml methylene chloride for 
a final concentration of 0.6 mg/ml. 



n Calibration of the column - Load 5 mL of the 
corn oil solution into sample loop No. 1 and 5 mL 
of the phthalate-phenol solution into loop No. 2. 
Inject the corn oil and collect 10 mL fraction (i.e., 
change fraction at 2-minute intervals) for 36 min- 
utes. Inject the phthalate-phenol solution and 
collect 15 mL fraction for 60 minutes. Determine 
the corn oil elution pattern by evaporation of each 
fraction to dryness followed by a gravimetric deter- 
mination of the residue. 

n Analyze the phthalate-phenol fractions by 
GC/FID on the DB-5 capillary column. 

.I 
n Plot the concentration of each component in 
each fraction versus total eluent volume (or time) 
from the injection points. Choose a “dump time” 
which allows ~85% removal of the corn oil and 2 
85% recovery of the bis(2-ethylhexyl)-phthalate. 

n Choose the “collect time” to extend at least 10 
minutes after the e1utio.n of pentachlorophenol. 
Wash the column at least 15 minutes between 
samples. 

n Typical parameters selected are: Dump time = 
21 minutes; collect time = 24 minutes; and wash 
time = 15 minutes; Elute volume collected = 120 
ml. 

General Laboratory Equipment 

Balances are calibrated before every use with stan- 
dard Class-S calibration weights and are calibrated 
annually by a licensed specialist. The pH/specific- 
ion meters are calibrated before each use with a 
minimum of three standard solutions. (See Ap- 
pendix D, Standard Operating Procedures for pH 
meter, balances, and conductivity meter for discus- 
sion) 

4.4 LAlBBIORATORY 
INSl=RUM~ENTATlON 

-CHROMATOGRAPHY 
SliQSTfON 

Gas Chromatograaphs (GC) 

Injection of secondary standards, validated by the 
use of EPA or NBS reference standards, is used to 
adjust the sensitivity and selectivity of the analyti- 
cal system for each compound being analyzed. The 
system is calibrated by preparing standards at a 
minimum of five concentration levels for each 
analyte. The low-level standard is at or near the 
established detection limit. The medium- and 
high-level standards are at concentrations that 
correspond to the expected range of concentra- 
tions found in the samples. These standards will 
define the working range of the GC detector. (See 
Appendix D, Traceability and List of EPA and 
NBS reference standards available) 

The results of standard calibrations (low, medium, 
and high ranges) for each analyte are tabulated 
with respect to response versus concentration. 
The ratio between response and concentration, 
known as the response factor (RF), can be used to 
prepare a calibration curve for each compound. It 
is expressed in an equation as: 

DC - Area mmonse of anal@! 
Concentration of a- in the standard 

The following criteria are employed for the GC 
linearity calibration: 

a. Initial Calibration Verification 

n % Relative Standard Deviation (RSD) 
cut-off for RF = + 20% for all analytes 
except for problematic (i.e., poor responder) 
analytes (e.g., gases, endrin, DDT, DDE, 
DDE, DDD, etc.). RSD is calculated as: 

% RSD = SXlOO 
average RF of the individual amiyles 

in the standard solution 

where s = standard deviation of the RF of 
each analyte 



b. 

and where Average RF = mean of the RF of 
the analyte .. 

N %RSDcut-offforproblematiccompounds 
= + 50% 

M If an analyte in the % RSD determination 
of the linearity standard check is greater than 
20% , or 50% for problematic compounds 
then linear regression or a straight-line curve 
is used to determine linearity. (Alternatively, 
there is an option to use the quadratic equa- 
tion or a point-to-point curve if the correlation 
coefficient for the linear regression is less. 
than 0.995.) 

n If the compounds are still out of criteria 
after using linear regression, the quadratic 
equation, or a point-to-point curve, reana- 
lyze the standard concentration that is of 
suspect and then recalculate % RSD. 

W If the compounds are still out of criteria 
after such reanalysis of the suspected stan- 
dard, corrective and/or preventive 
maintenance should be performed to check 
the system. A new set of initial calibration 
curves is to be analyzed. 

Continuing Calibration Verification 

m Percent Difference (% D) cut-off for RF 
= + 15% for all anaiytes except for problem- 
atic (i.e., poor responder) analytes (e.g., gases, 
endrin, methoxychlor, endrin aldehyde). % D 
is calculated as: 

[average RF - RF (continuing 
calibrationstandard)] x 100 

%D= - 
mean of average RF 

n % D cut-off problematic compounds = ~fr 
50% 

m If 20% of the analytes in the % D deter- 
mination of the standards for linearity check 
have values greater than 35%, then linear 
regression or a straight-line curve is used to 
determine linearity. (Alternatively, there is 
an option to use the quadratic equation or a 
point-to-point curve if the correlation coeffl- 
cient for the linear regression is less than 
0.995.) 

C. 

d. 

n If the compounds are still out of criteria 
after using linear regression, the quadratic I ‘I”“~” 
equation, or a point-to-point curve, reana- 
lyze the continuing calibration standard 
concentration and recalculate % D. 

# If the compounds are still out of criteria 
after such reanalysis, corrective and/or pre- 
ventive maintenance should be performed to 
check the system. 

n A new set of initial calibration curves is to 
be analyzed. 

The continuing calibration standard is ana- 
lyzed every 12 hours during sample analysis. 

A solvent blank using solvent (Pesticide grade] 
suitable for the detector is used to check 
system contamination and is also analyzed 
after a standard run or after a contaminated 
sample has been analyzed to check for carry- 
over contamination. 

NOTE: Cut-off criteria for initial calibra- 
tion and continuing calibration are interim 
guidelines. The GC laboratory will set new 
criteria based on historical data obtained 
from previous calibration standards used for 
the various analytical methods. 

High Performance Liquid 
Chromatographs (HPLC) 

The system is calibrated by preparing standards at 
a minimum of five concentration levels for each 
analyte. The low-level standard is at or near the 
established detection limit. The medium- and 
high-level standards are at concentrations that 
correspond to the expected range of concentra- 
tions found in the samples. These standards wiR 
define the working range of the HPLC. Continu- 
ing calibration is analyzed after every 10 samples 
and at the end of run. Criteria for % RSD for the 
initial calibration is within 20% or a linear regres- 
sion or a straight-line curve is used to determine 
linearity. If the correlation coefficient is less than 
0.995, corrective and/or preventive maintenance is 
done, and a new set of calibration curves is ana- 
lyzed. Criteria for % D for continuing calibration 
is within 15% or a new standard is analyzed and 96 
D recalculated. 



Ion Chromatographs (IC) 
standards are run daily to validate the GC/MS 
system tune. (See Tables 4.2 and 4.3, for Tune 
Criteria) 

The calibration procedure for the system is the 
same as the HPLC. Calibration of the GUMS, like that of GC cali- 

bration, is established andvalidated by the’injection 
of EPA traceable standards at a minimum of five 
concentration levels over the range of likely sample 

4.5 LABORATORY concentrations. An internal calibration proce- 
INSTRlJMlNTATION-MAsS dure is used: in addition to surrogate recovery 
SIpEClROM~ETp3y SECTION compounds, sample extracts are spiked with inter- 

nal calibration standards that span the retention 
Procedures for calibration and instrument tuning time range of the analytes of interest. The 
for sensitivity and selectivity are somewhat similar concentration of the analytes is calculated with 
to those for gas chromatography method. The reference to the RF of the internal standards for 
primary difference between GC and GC/MS meth- each sample. RF is defined as: 
ods is concerned with the validation of the mass 
spectrometer as the detector. GC detectors gener- (A$ m ally operate by sensing a change in an electrical RF = 
field (e.g., GC-EC, GC-FID, Hall); whereas, mass @!A (G) 
spectrometers sense a change in charge with refer- 
ence to the mass of the compound. Further, the where: 
charge molecule ion will fragment reproducibly 
into an array of ions. The result is a characteristic 4 = area of the characteristic ion for the 
mass spectrum of the compound. The first step in measured compound 
the calibration of the GUMS system is to demon- 
strate the ionization and fragmentation of stan- Ais = area of the characteristic ion for the 
dard mass spectral tuning compounds. This is specific internal standard 
accomplished, as well as a sensitivity check, with 
the use of two EPA-specified compounds in- ‘is = concentration of the internal 
jetted. Those compounds are: 4-Bromofluoroben- standard (q&L) 
zene (BFB) for volatiles and Decafluorotriphenyl- 
phosphine (DFTPP) for semivolatiles. These 

TABLE 4.2 BFB KEY IONS TABLE 4.3 DFTPP KEY 
AND ABUNDANCE IONS AND ABUNDANCE 

CRITERIA CRITERIA 

ii?= FIN UN 
0 AB D.@cGC~ 

15.0 - 40.0 percent of the base peak 30.0 - 60.0 percent of mass 198 
75 30.0 - 60.0 percent of the base peak 68 less than 2.0 percent of mass 69 
95 base peak, 100 percent relative abundance 70 less than 2.0 percent of mass 69 
96 5.0 - 9.0 percent of base peak 127 40.0 - 60.0 percent of mass 198 
173 less than 2.0 percent of mass 174 197 less than 1.0 percent of mass 198 
174 greater than 50.0 percent of the base peak 198 base peak, 100 percent relative abundance 
175 5.0 - 9.0 percent of mass 174 199 5.0 - 9.0 percent of mass 198 
176 greater than 95.0 percent but less than 275 10.0 - 30.0 percent of mass 198 

101.0 percent of mass 174 365 greater than 1.00 percent of mass 198 
177 5.0 - 9.0 percent of mass 176 441 present but less than mass 443 

442 greater than 40.0 percent of mass 198 
443 17.0 - 23.0 percent of mass 442 



c, = concentration of the measured com- 
pound OdW 

Further precision, accuracy, and continuing cali- 
bration are demonstrated with the use of repeated 
analyses of spiked and duplicate spiked samples 
and EPA check samples. Reagent blanks are 
analyzed in each batch of semivolatile analyses and 
are analyzed daily for volatile organic analyses. 

The QA/QC requirements employed for the GC/ 
MS calibration are discussed in the following 
subsections. 

eI 

Instrument Tuning 

U EPA-CLP (2/88 SOW) tune criteria for BFB 
and DFTPP are used before any sample analysis for 
VOA and BNA. (See Tables 4.2 and 4.3, BFB and 
DFTPP Tune Criteria) 

D Other tuning criteria can be used for CLP 3/90 
SOW or the Superfund Method for Low Concen- 
tration Water. 

n A tune criteria is required every 12 hours 
during sample analysis. 

Initial instrument Calibration 

n For EPA-CLP (2/88 SOW) and EPA SW846 
Method 8240 and 8270 the, criteria for VOA and 
BNA calibration check compounds (CCC) and 
system performance check compounds (SPCC) is 
employed. 

l BNA and VOA CCC are: 

VOA ccc 
Phenol Vinyl Chloride 
1 ,4-Dichlorobenzene Chloroform 
P-nitrophenol 1,2-Dichloropropane 
Hexachlorobufadiene Toluene 
4-ChlonSMalhylphenol Ethylbenzene 
2,4&TrichlorophenoI 
Acenaphthene 
N-Nitmsodiphenylamine 
Pentachlorophenoi 
Fluoranthene 
Di-nsctyl phthalate 
Benzo(a)pyrene 

% RSD is calculated for all compounds. It I,,..,..,, 
should be within * 30% for all CCC com- 
pounds and should be within -t 30% for all 
other compounds. 

n BNA and VOA SPCC are: 

BNA VOA SPCC 
N-Niuoso-di-n-Prop@mirie Chloromethane 
Hexachlorocyclopf?ntdienct I ,I -Dichlor~ 
2.4-Dinimphenol Bromom 
4-N~tmj~hend I , I ,2,2-TeVachloroeQme 

Chlorobenzene 

The average RF is calculated for all compounds. 
RF for both BNA and VOA SPCC compounds 
must be at least 0.300 except for bromoform whidr 
must be at least 0.250. The RF for all other BNA 
and VOA compounds must be at least 0.05. 

For EPA-CLP 3/90 SOW all compounds must meet 
a minimum Relative Response Factor (RRF). most 
compounds must meet a maximum %RSD (205%) 
criteria. 

Continuing Callbration 

n Same list of CCC and SPCC for BNA and VGA 
analysis. 

n CCC and SPCC criteria 

1. % D must be less than 25% for ah CCC and 
should be less than 25% for all other com- 
pounds for BNA and VOA analysis. 

2. The RF is calculated for all compounds. 
RF for all other BNA and VOA SPCC corn- 
pounds must be at least 0.300, except for 
bromoform which must be at least 0.250. Rae 
RF for all other BNA and VOA compounds 
must be at least 0.05. 

n Continuing calibration must be performed af- 
ter tune criteria is met. 

n Continuing calibration must be performed be- 
fore beginning sample analysis and must be done 
every 12 hours during analysis for BNA and VOA. 



n For EPA-CLP 3/90 SOW all compounds must 
meet a minimum RRF. Most compounds must 
meet a maximum %Difference (25%) criteria. 

Internal Standard 

Internal standard areas are monitored as a mea- 
sure of the GC/MS instrument calibration. The 
areas of each internal standard in each sample are 
compared to the internal standard areas in the 
continuing calibration standard associated with 
the samples. If the samples are analyzed under the ., 
same tune as the initial or continuing calibration, 
the areas in each sample are compared to those in 
the VOA or BNA continuing calibration standard 
in the initial or continuing calibration. 

H The area and retention time for each internal 
standard from the calibration standard and the 
upper and lower limits af the EICP area should be 
within -50% to +lOO%. 

n When the retention time of any internal stan- 
dard changes by more than 30 seconds, the system 
must be inspected and corrections made. 

n The EICP area of each internal standard must 
fall within the limits of the 12 hour standard. 



5.1 FIELD TESTING AND 
SCREENING 

During multimedia sampling activities, selected 
physical and chemical parameters in the air, water, 
and soil at the site are measured. Equipment and 
general procedures for analysis of field samples are 
listed below. Because field instrumentation and 
analytical methodology. is continually being up;’ 
dated, field personnel are required to consult each 
manufacturer’s instruction manual for operating 
procedures. 

Measurements of pH 

Measurements of pH are taken on water purged 
from wells prior to sampling. Groundwater samples 
are collected after a stable pH is achieved to ensure 
that conditions are representative of the forma- 
tion. Measurements for pH also are taken on 
surface water samples. A Orion Model 231 Digital 
pH meter or equivalent is used for field analyses 
using the procedure described below. 

Rinse the probes thoroughly with ASTM Type II 
reagent water to prevent any carryover. Make 
certain that the pH electrode fill hole is uncovered 
and the mode switch is set to PH. Immerse the 
probes in the test sample and take the reading. 
Allow 30 seconds for the reading to stabilize. 
After pH measurements are conducted, slide the 
rubber sleeve over the fill hole. 

Speeitic Conductance 

Conductivity measurements are taken on purge 
water and allgroundwater and surface water samples 
using a Hach Model 16300 portable conductivity 
meter according to the procedure described below. 

Connect the probe to the PROBE INPUT connec- 
tor on the front panel. Press the POWER switch 
on and perform a battery check. Press the switch 
for the highest range and immerse the probe in a 
beaker containing the sa.mple solution. Shake or 
tap the probe on the bottom of the beaker to 

ensure that no air bubbles are trapped near the 
electrode. Allow about 10 seconds for the probe 
to stabilize before taking the reading. If the meter 
indicator falls in the lowest 10 percent of the 
range, switch to the next lower range. Repeat until 
the proper range is selected. Dilute if necessary. 
Rinse the probe with ASTM Type II water between 
each use. 

Temperature 

Temperature data is used in conjunction with the 
chemical data for groundwater and surface water 
characterization. Temperature measurements are 
taken on purge water and all groundwater and 
surface water samples using a mercury thermom- 
eter or the conductivity meter, which is equipped 
to measure temperature, according to the proce- 
dure described below. 

Connect the temperature probe and select the 
T(c) mode. Immerse the probe in the test sample 
and allow 30 seconds for equilibration. Take the 
reading. Rinse the probe with ASTM Type II 
reagent water after each use. 

5.2 LABORATORY MEf’HODS 

References 

The laboratory follows analytical procedures based 
on EPA-approved methods for both inorganic and 
organic analyses of multimedia environmental 
samples. Methods used for inorganic and organic 
analysis of routine samples are based on 40 CFR 
part 136 as published in the Federal Register 
(October 26, 1984), the EPA’s Test Methods for 
Evaluating Waste (SW-846,3rd edition), and Stan- 
dard Methods for the Examination of Water and 
Wastewater, 16th Edition 1985. Unless otherwise 
notified by the client, the above methods shall be 
followed. Appendix A, provides a listing of ana- 
lytical protocols utilized by the laboratory. A 
listing of our most utilized methods is found in 
Appendix B & Appendix E. 



If typical methods, are rendered ineffective by 
matrix interferences or if analytical parameters of 
detection limits, precision, specificity, etc., would 
require method variance (i.e., modification of the 
method), the Project Officer will notify the client/ 
contractor of the method modification. A copy of 
the variance will be sent to the client/contractor to 
seek approval of the method change. The modifi- 
cation request must show that the conditions for 
the laboratory variance are similar to the expected 
conditions (i.e., sampling and handling techniques, 
environmental matrix concentration range, inter- 
ferences, etc.) in the EPA approved methods. ., 

Changes in operations prior to instrumental analy- 
sis (e.g., sample preparation and storage) must be 
documented. 

Documentation 

The objective of document control is to assure that 
all documents for a given program are accountable 
and traceable. It includes chain-of-custody records, 
all logbooks, graphs, and other miscellaneous items. 

Record-Keeping 

Documentation in the laboratory is initiated by 
the SC who receives samples, assigns laboratory 
numbers and generates COC forms which docu- 
ment sample movement in the laboratory. Each 
shipment of samples received is given a unique 
batch number (project number). A batch consists 
of a number of samples carried through the entire 
analytical procedure, along with samples and stan- 
dards. All work performed on a sample batch is 
documented in a bound laboratory logbook which 
is described as follows: 

1. Sample Receiving Logbook: It is a compila- 
tion of computer-generated sample summary 
forms which were entered into the laboratory 
sample data base on a sample receipt basis. It 
is compiled on a, monthly basis to document 
sample receipt information. 

2. Instrument Maintenance Logbook: To record 
the maintenance performed on the analytical 

3. 

4. 

5. 

instruments. It is maintained for each GC, 1, 
GC/MS, AA, or other analytical instrument. 

Standards Logbook: To record the prepara- 
tion and use of all standards in the laboratory. 
It shall indicate standard traceability to EPA 
or NBS standards. It shaI1 note date of 
preparation, concentration and by whom, as 
well as date of expiration of the stock stan- 
dards or reagents. 

Chemist’s Notebook: To record the raw data 
and final data of every batch. It is used to 
document all activities associated with the 
analytical process. Laboratory notebook of 
each staff is a functional record and is pre- 
numbered. 

Instrument Benchsheet Logbook: To record 
sample run sequence or injections done in a 
day’s or shift’s run. 

Rules GoverninP the Use of Lo&aoQ 

a. Bound logbooks with pre-numbered pages 
are the preferred record-keeping forms. Loose 
sheets are not to be used unless permanently 
affixed to the logbooks. 

b. Only assigned laboratory notebooks or 
logbooks are used for record-keeping related 
to project work. 

c. All writing must be legible and shall be 
completed in ink. All numbers must be clear. 
Corrections should be made by drawing one 
line through the incorrect entry, entering the 
correct information, and initialing the change. 

d. Complete information should be entered 
so that in an examination it can be deter- 
mined what was done, when, and what the 
results were. 

e. If any data are determined to be invalid, 
reasons are indicated. 

f. All relevant information is included (e.g., 
the manufacturer and lot number of a chemi- 
cal, the specific procedure used for sample 
preparation and analysis, instrumental condi- 
tions, etc.). 



INORGANICS DOCUMENTS 
l File inventory 
l Chain-of-custody record(s) 
l Sample tag(s) 
l Airbill(s) 
l Inorganics Traffic Report(s) 
l Inorganics Analysis Data Summaries 
l Copies of analysts’ notebook pages and/ 
or benchsheets 
l Worksheets 
l ICAP and AA instrument logbook pages 
l Sample tracking documents 

- Sample receipt log pages 
- Internal custody ‘records 

l Copies of instrument printouts 
l QA/QC data reports 
l Duplicate, blank, etc., analyses results 
l Related correspondence and memos 
l All other related documents 

FIG. 5.1 lnorganics 
Document inventory Check List 

g. When work is continued in another note- 
book or logbook, the number of the first 
notebook is written in the first page of the 
second notebook and vice-versa. 

Document Control 

Document control is accomplished through the 
use of a centralized repository document inventory 
and a Data Clerk with purview over all the docu- 
ments generated in conjunction with the project 
or contract. All project files and analytical data 
files and related documentation to sample analysis 
are maintained by the Data Clerk. 

Documglnt Handling 

The Data Clerk is responsible for the collection, 
organization, maintenance and security of all docu- 
ments. The Data Clerk will establish a client/ 
contract file for all documentation regarding a 
project or a contract. 

A client/contract file is generated when the project 
file (i.e., sample receipt and log-in documents) are 

transferred by the SC to the Data Clerk for cus- 
tody. Within a project file, subfiles are established 
for each major element of the contract. These files 
are stored in a locked file cabinet in the Data 
Clerk’s office. 

Each file contains the following type of docu- 
ments: 

a. 

b. 

C. 

Project File: All documentation relating to 
sample receipt and log-in. This also contains 
project sheet information as well as contract 
information, etc. 

Analytical File: This contains the final data/ 
QC report and raw data relating to sample 
analysis. The order of filing within the ana- 
lytical file would consist of final data/QA 
report, raw data (i.e., chromatograms, RIG/ 
Quan, strip charts, etc., or any instrument’s 
data recording output). 

Miscellaneous File: This will contain the 
instrument benchsheets, all documents asso- 
ciated with sample preparation (i.e., analysis 
request form), analyst’s notes, etc. In the case 
of laboratory notebooks and instrument 
benchsheets, photocopies will be used in place 
of the originals being maintained by the ana- 
lyst. 

Consbtency of Documentation 

Before releasing analytical results, the laboratory 
assembles and cross-checks the information on 
sample tags, custody records, laboratory 
benchsheets, personal and instrument logs and 
other relevant data to ensure that data pertaining 
to each particular sample or case is consistent 
throughout the record. (See Data Collection, 
Validation and Reporting Section for details) 

Document Inventory 

Document tracking and control are facilitated 
through the use of an inventory checklist for 
document tracking. Figures 5.1 and 5.2 show the 
checklist for both inorganic and organic param- 
eters. 



DOCUMENT INVENTORY LIST - FORMAT 

SECI’IONI 
Narrative 

SECTION V 
DFI’PP Raw Calibration Data 
BFB Raw Calibration Data 

SECTION II 
QC Summary 

Method Blank Data 
Matrix Spike Data 
Matrix Spike Duplicate Data 

SECTION III 
Sample Data 
Traffic Reports 
One-entry for each Sample 

SECI’ION VI 
Airbill/Shipping Manifest 
Field Chain-of-Custody Document 
Sample Receipt Form 

SECTION IV .* 
Lab Detection Limits SECTION VII 
VOA Initial Calibration Data Form VI Lab Notebook Pages 
VOA Continuing Calibration Data Form VII GC Injection Log Pages 
BNA Initial Calibration Data Form VI GC/MS Injection Log Pages 
BNA Continuing Calibration Data Form VII Miscellaneous File 
Pesticide Data Summary Forms VIII-X Pesticide Raw Data File 
VOA Initial Calibration Raw Data 
VOA Continuing Calibration Raw Data 
BNA Initial Calibration Raw Data 
BNA Continuing Calibration Raw Data 
Pesticide Raw Data 

1 FIG, 5.2 Organics Document Inventory List 1 

Handling Confidential 
Documents 

All documents received with a group of samples 
and/or generated in the course of analysis shall be 
kept confidential. Documents specifically marked 
confidential that may accompany the samples, are 
to be treated separately from other case-related 
documents. 

The following procedures, are employed for han- 
dling documents marked CONFIDENTIALz 

1. Client/contractor is contacted to assure that 
receipt of these documents is correct and 
required for analysis, and returned as directed 
by client/contractor. 

2. If the documents are necessary to begin the 
sample analyses, the documents are placed in 
a secured file separate from the regular files 
and under the control of the Data Clerk. The 

Data Clerk keeps these documents secured at 
all times and only authorized personnel have 
access to them. 

Document/Data 
Package ahipping. 

The delivery schedule of the data package depends 
on the contract requirements. The date of ship- 
ping is documented and a list of data/documents 
shipped is retained for record. A copy of the data 
package sent is kept by the laboratory to be filed 
for future reference in case of client’s future 
request for information. 

The laboratory maintains SOPS for each laboratory 
section that describe standard procedures used by 
each laboratory section for use of logbook, 

I 



benchsheets, traceability of standards, instrumen- 
tation, sample and: environmental data. 

The laboratory maintains Standard Operating Pro- 
cedures (SOPS) for every major analytical 
procedure. These procedures detail use of log 
books, benchsheets, traceability of standards, 
instrumentation, sample, and environmental data. 
SOPS are updated yearly with any changes from 
previous revisions approved by the Section Man- 
ager/Supervisor and/or QC Officer. All SOPS within 
the laboratory are the current revision which are 
dated and controlled by the use of a sign-off sheet 
documenting who has the procedure and which, 
revision they have. Out of date material is “retired” 
by removal from circulation and maintained in a 
locked file and used for reference material only. 

Dooument Control, 
Review, & Approval 

Documents are updated for any revision made. 
Changes made in documentation shall reflect the 
actual procedures being followed. Before any 
revision is made, analyst concerned for revision of 
such documents shall submit to the Section Super- 
visor or the Project Officer (PO) the proposed 
revisions. 

If the revision is justified for the changes to be 
done, the Section Supervisor or the PO submits 
the proposed revision of the standard operating 
procedure (SOP) to the QA Officer for approval. 

Document revision shall also include policy changes 
which could substantially impact the QA/QC plan. 
They are as follows: 

D Personnel changes relating to QA/QC respon- 
sibilities 

n Method changes 

All Document revisions are reviewed by two super- 
visors (i.e., managers, QA Officer, etc.). Approval 
signatures are on the cover with revision numbers 
and date of revision. Each copy is given a docu- 
ment control number. 

Outdated documents are collected, and the latest 
revision issued. The outdated document is “re- 
tired,” and entered into the retired document log. 
Copies are maintained for historical purposes. 

Standards Prcplparation 

All inorganic and organic analytical standards 
utilized for instrument/methodological calibra- 
tion and preparation of QC samples aretraceable 
to SRMs. Primary standards are obtained from 
reliable, certifiable source, and of highest possible 
purity. Prepared commercial standards are veri- 
fied against SRMs from EPA or NBS for 
traceability. Appendix IV contains Standard Op- 
erating Procedures for Standard Traceability, 
Expiration, and Criteria and Guidelines used by 
the laboratory for standard preparation. 

5.3 TYPES OF 
DFTECTIQN LIMITS 

Instrumental Detection Limlt 
WL) 

It is defined as the smallest signal above back- 
ground noise that an instrument can detect reliably. 
It does not address possible blank contaminants or 
matrix interferences. 

IDL for each analyte in a given method is deter- 
mined for each analytical instrument used. It is 
quarterly updated to verify instrument sensitivity 
changes. The following procedure is used to 
determine IDL: 

n Using EPA or NBS supplied SRMs, if avail- 
able, perform seven consecutive measurements of 
standards for all components being measured at 3 
- 5 times the required detection limit concentra- 
tions [i.e. MDL or contract required detection 
limits (CRQL) on three nonconsecutive days. 

n These analyses are performed using the instru- 
mental working conditions specified in the method, 
on standards in appropriate solvent for baselneu- 
trals, acids, and pesticides/PCBs; standards diluted 
into reagent water for volatile organics; and trace 
metal analytes in reagent water. 

n IDL is determined by multiplying 3 times the 
average of the standard deviations of the mea- 
sured values. 



Llmlt of Detection (LOD) 

LOD is the lowest concentration level of an ana- 
lyte that the analytical process can reliably detect. 
Sometimes, the IDL and LOD are operationally 
the same since an indication of whether an analyte 
signal exceeds peak-to-peak noise. LOD accounts 
for blank contamination but not for matrix com- 
plexity and interferences. It is also numerically 
equivalent to the MDL as the value for blank 
approaches zero. The recommended value for 
LOD is 3s where s is the standard deviation of the 
difference between total value measured for the.. 
sample and value measured for the blank. It is 
expressed in an equation as: 

s, - s, > 3s 

where 
S, = Total value of the analyte measured in 

the sample 
53 = Value of the analyte measured in the 

blank 
S = Standard deviation for these 

measurements (S, - S,) 

Method Detectlon Limit (MDl/) 

MDL is defined as the minimum concentration of 
an analyte that can be. identified, measured and 
reported with 99% confidence that the analyte 
concentration is greater than zero. It also refers to 
the minimum concentrauon of an analyte that a 
method can detect reliably in either a given sample 
matrix or blank. 

It is expressed in an ecluation as: 

KS 
MDL =_- 

M 

where: 
Is =3 

levels 
= Standard deviation of average noise 

m = Slope of the calibration curve 

Praotlcal QuanMtatlon 
Llmita (PQL) 

I ,,,,,,,, 

PQLis the lowest level that can be reliably achieved 
within the laboratory control limits of ‘precision 
and accuracy during routine laboratory operating 
conditions. It is expressed in an equation as 

PQL = [MDL x factor] 

For nonaqueous samples, the factor is on a wet- 
weight basis. (See Table 5.1) 

Methods for Which Limits of 
Detection Are to Be Developed 

The laboratory periodically reevaluates the MDLs 
for the analytical methods used. 

MDL established by the laboratory for EPA ap- 
proved methods (i.e. Federal Register 600 series, 
SW-846 “7000” series, and Methods of Chemical 
Analysis of Water and Wastes) shall be compared 
against the MDL defined in these methods to 
determine if in-house quality control procedures 
are effective. In instances where an EPA method 
is used in analysis, the MDL shalI be that indicated 
by the EPA method. For parameters that are not 

TABLE 5.1 PRACTICAL 
QUANTITAmON LIMITS 

6 PQL) - 
FOR VARI US MATRICES 

MATRIX FAtXOR’ 
ground water 10 
low-level soil 200 
water miscible liquid waste 50 
high-level soil and sludge 10,000 
non-water miscible waste 100,000 

‘PQL = [PQL for ground water] X [Factor]. For non- 
aqueous samples, the factor is on a wet-weight basis. 

Reference: USEPA SW-846,3rd Edition, September 1986 

I 



comparable with the defined MDL in the EPA 
methods (i.e. laboratory cannot achieve the MDL 
set by the method), the laboratory MDL shall be 
used. For contracts/projects requiring the use of 
non-EPA approved methods, the laboratory shall 
establish detection limits according to the contract 
requirements and protocol. 

Approach to Establishing 
Limlte of Detection 

The laboratory shall employ the procedure based 
on EPA Methods for Organic Chemical Analysis. 
of Municipal and Industrial Wastewater Appendix 
A (Appendix B) for the development of MDL. 
For contracts/project requiring non-EPA meth- 
ods, the laboratory shall establish limits according 
to contract requirements and protocol. 



6.1 WELD AND 
TECHNICAL DATA 

The collected data are divided into field data and 
technical documentation. Technical documenta- 
tion is combined field and anaIytical data and 
enables definitive characterization of the extent 
and magnitude of specific contaminants at each” 
site. Field data contains data from all measure- 
ments performed on-site including well stability 
measurements, well logging;, water level measure- 
ments, soil gas readings, and PID measurements. 
Technical data includes all field and analytical 
data plus the results of the field and laboratory QC 
samples and are incorporated into the final report. 

Field and T~hnlcal 
Data ReducMon 

All field measurements and observations are re- 
corded in project log books, field data records, or 
similar types of record-keeping books. Field mea- 
surements include pH, temperature, conductivity, 
alkalinity, water flow, and certain air quality pa- 
rameters. All data are recorded directly and 
legibly in field logbooks with all entries signed and 
dated. If entries must be changed, the change 
should not obscure the original entry. The reason 
for the change should be stated, and the wrrec- 
tion and explanation should be signed and dated 
or identified at the time the correction is made. 
Field data records are organized into standard 
formats whenever possible and retained in perma- 
nent files. 

All laboratory data are cross-referenced to the 
appropriate trip blank, field blank, equipment 
blank, method blank, field duplicate or replicate, 
matrix spike, and matrix spike duplicate. In addi- 
tion, all pertinent dates (dates wllected, received 
by the laboratory and analyzed) for each labora- 
tory analysis applicable to the contract or project 
are referenced against their respective holding 
times. 

Field and Teohnlaral 
Data VWldertlon 

Validation of field data is performed on two 
different levels. First, all data are validated at the 
time of collection by following standard proce- 
dures and QC checks specified in Section 10. 
Second, data are validated by the Field Supervi- 
sor, who reviews the data to ensure the correct 
codes and units have been included. After data 
reduction into tables or arrays, the Field Supervi- 
sor reviews data sets for anomalous values. Any 
inconsistencies discovered shall be resolved imme- 
diately, if possible, by seeking clarification from 
the field personnel responsible for data collection. 
The Field Supervisor is ialso responsible for ensur- 
ing that defensible and justifiable data was obtained 
by following the field objectives described below: 

n Adherence to the project work plan 

n Equipmentandinstrumentsproperlycalibrated 
and in working order 

n Sample collection according to standard oper- 
ating procedures 

n Sufficient sample volume collected to main- 
tain sample integrity and conduct all required 
analyses 

n Properly preserved samples 

D All applicable blanks and field QC samples are 
provided with each sample set 

n Complete COC documentation is kept 
throughout the duration of the field sampling 
effort and copies are included with each sample 
shipment 

n Field samples arrive at the laboratory in good 
condition. 

Random checks of sampling and field conditions 
are made by the Field Supervisor, who checks 
recorded data at that time to confirm observa- 



tions. Whenever possible, peer review also is 
incorporated into the data validation process in 
order to maximize consistency between field per- 
sonnel. 

Once both field and analytical data have been 
combined, the resulting technical documentation 
is validated against the following criteria: 

n Stated objectives of the work plan 

n Stated QA objectives of the Quality Assurance 
Project Plan (QAPP) 

n Analysis date versus the applicable holding 
times 

n Percentage of QA analyses conducted 

H Field and laboratory blank contamination 

H Laboratory accuracy (percent recovery versus 
control limits) 

W Laboratory and field precision (RPD versus 
control limits). 

Descriptive statistic for completeness is calculated 
and reported. 

Field and Technical 
Data Reporthg 

Description of the type and format for technical 
reports to be produced for the project is based on 
contract requirements and QAPP. 

6.2 LASORATORY DATA 

All bench chemists document sample preparation 
activities in bound laboratory notebook. These 
serve as the primary record for subsequent data 
reduction. The data for GC/MS, AA, ICP, and GC 
analyses are generated by stand-alone computers. 
The data for Mercury analysis is conducted using 
a strip chart to record absorbance expressed in 
peak height units. Results of each analysis are 
transcribed manually onto analytical results forms 
specific to the particular analysis. All data are 
checked for accuracy and precision at the bench 

and instrument operator/analyst level, the labora- I...‘....... 
tory manager’s level and the QAO’s level. The 
QAO’s review shall consist of wmparing spike 
recovery and/or relative perctaint difference to con- 
trol limits established for the parameter ,analyzed. 
Concentration of the analytes found in the analy- 
sis are expressed according to the required units, 
depending on the sample matrix (i.e., ug/L for 
aqueous samples for @Kg for soil samples). 

Laboratory Data Raductlon 

Gas Chroe Resullta-Calculations are 
performed for each analyte after its identification 
is determined. Identification is based on retention 
time of the suspect peak compared to the reten- 
tion time of the internal standard. The 
concentration of the analyte is determined by 
using the calibration curve and the peak area of 
the analyte. A response factor is determined from 
the calibration curve and used to calculate the 
concentration. Final rsults will be rounded to the 
nearest 0.1 ug/L (or two significant figures, which- 
ever is smaller). (See Appendix D, Significant 
Figures) 

Qualitative identifications are determined by 
obtaining extracted ion current profiles (EICPs) 
for the primary ion mass to charge ratio (m/z) and 
the secondary masses for each analyte. Positive 
identification is based on the following criteria: 

n The intensity of the three characteristic masses 
of each analyte must maximize in the same ratio 
(+20%), within one scan of each other 

W The retention time must fall within f 30 
seconds of the retention time of the authentic 
compound 

n The relative peak heights of the three charac- 
teristic masses in the EICPs must fall within f 20 
percent of the relative intensities of these masses 
in a reference mass spectrum (standard analysis or 
reference library). 

Structural isomers to be listed as separate analytes 
must have an acceptable resolution. Acceptable 
resolution is achieved if, in a standard mix, the 
baseline to valley height between the isomers is less 



than 25 percent of the sum of the two peak heights. 
Otherwise, structural isomers are identified as 
isomeric pairs. 

The calculation for the concentration for the 
suspect peak is made using the RF for each ana- 
lyte. 

ConcentMior# = (AsI G) 

P4W) 

where: 
.I 

A,= Area of characteristic m/z for the ana- 
lyte to be measured 

A,= Area of characteristic m/z for the inter- 
nal standard 

Gil= Concentration of the internal standard, 
in P@ 

RF= Average response factor as calcu- 
lated from the area formed on an intensity 
plot of the ion of interest. 

&@.wtivelv Cow&d Plasma (ICPTpThe theory of 
emission spectrometry is based upon excitaton of 
gaseous atoms of an element resulting in the 
electrons being raised to high energy state. The 
frequency of the emitted radiatoin depends on the 
difference in energy of the two states of the atom. 
While the intensity is relative to the concentration 
of the element. 

Ez- E, = hv = he/w 

E2 = to the energy of the higher excited state 
El = to the energy of the ground state 
h = Planck’s constant 
V = frequency of emitted light 
C = speed of light 
W = wavelength (lambda) 

The purpose of the ICP is to measure concentra- 
tions of elements in a sample. This is accomplished 
by measuring the emission intensity produced when 
a sample containing these elements is aspirated 
into the plasma exciting the electrons to a higher 
state. The measurement of intensity if performed 
by allowing the light leaving the plasma through 
each exit slit to fall on a photomultiplier tube. 
This tube converts light energy into an electrical 
current. At the end of the integration time the 
total current produced is measured and is propor- 
tional to the intensity and the concentration of 

the element being analyzed. This total current 
value is sent to the computer for data reduction. 
The final calculations are done by the computer 
system by comparing intensity of unknown against 
intensity of known standards. 

Interelement correction is performed by measur- 
ing the light intensity of interfering elements and 
mathematically correcting for the additional emit- 
ted intensity. 

Atomic AbsorMion Swc&whotometrv Results- 
Photometric absorbance is governed by the 
relationship: 

Absorbance = log (lOO/%T) = 2- log%T 

where: 
% T = 100 - % absorption 

Percent Absorption is based on the amount of 
light of a particular wavelength absorbed by a 
specific metal. Its calculation is based on the loss 
of light after a beam of light of a particular 
wavelength is passed through a flame into which a 
solution containing metals of interest has been 
aspirated. 

Calibration curves establishing the absorbance re- 
lationship with concentration are generated at 
various concentrations. From these curves, a 
comparison is made with absorbance from sample 
measurement. Since absorbance is directly related 

~ to concentration, a plot of the two parameters is 
linear in certain operable ranges and allows for 
determination of unknown concentrations in soiu- 
tions (direct samples or extracts) after measurement 
of absorbance. 

Atomic absorption spectrophotometry is based on 
the principle that if light of a resonance wave- 
length is passed through a flame containing atoms 
of an element to be measured, then part of the 
light is absorbed and the extent of absorption is 
proportional to the number of atoms present in 
the flame. Because of the sophistication of cur- 
rent instrumentation, the partial application of 
this technique for the measurement of metal wn- 
centration in liquids relies on a Beer’s absorption 
law approach, comparing absorbance from an un- 
known against the linear correlation between 
absorbance and concentration in standards. 

In many spectrophotometric measurements, inter- 
ferences occur in the absorption of light confusing 



the Beer’s Law relationship between absorption 
and concentration; this is especially true for 
atomic absorption. To alleviate this problem, a 
technique known as the “method of standard 
additions” is used in which sequential known 
amounts of the wmponent being analyzed for are 
added to a sample of unknown concentration. By 
making an initial absorbance measurement and 
measurement after each addition, the effects of 
interference present in the analytic matrix can be 
accounted for. 

Laboratory Data VaMation ., 
and Data Reporting 

Data validation is performed by the QA Officer 
and the PO. Validation is accomplished through 
routine audits of the data collection and flow 
procedures and by monitoring of QC sample re- 
sults. 

Validation Rlacquhments 

The minimum requirements for each analytical 
run are: 

n At least three point calibrations and one cali- 
bration check standard 

W Continuing calibration check using an EPA or 
NBS reference, if available 

n Laboratory control samples/QC sample in- 
cluded in each analysis whenever available 

n One reagent blank per matrix and per concen- 
tration level for every sample batch analyzed (i.e., 
one per 20 samples) 

n Matrix spike duplicate and matrix spikes per 
concentration level and per matrix for every sample 
batch analyzed (i.e., one set per 20 samples) 

For GC/MS data, in addition to the requirements 
mentioned: 

n DFTPP or BFB key ions and abundance crite- 
ria 

n Percent recovery of surrogate spike run on all 
samples 

W Internal standard area monitoring for samples 
analyzed (-50% to +lOO%) of the internal stan- 
dard area of the calibration standard 

D RWQuan, standard curves and printouts of 
samples analyzed 

Data ColkoHon and Flow 
Audits 

Data collection and flow audits in&de the fol- 
lowing: 

n Review of sample documents for completeness 
by the analyst(s) at each step of analysis 

W Daily review of instrument logs, performance 
test results, and analyst performance by the labo- 
ratory manager 

n Daily review of performance indicators such as 
blanks, surrogate recoveries, duplicatelmatrixspike 
duplicate analyses, matrix spike anaIyses, etc. 

m Random calculation checks 

m Review of all reports prior to and subsequent 
to data entry 

n Review and approval of the final report of the 
QA Officer 

Data WevIew 

The review of data quality involves several levels of 
evaluation. In general, the analysts and the labo- 
ratory manager are responsible for reviewing the 
data relative to instrument calibration, standard 
preparation, method blanks, raw data, calcula- 
tions and transcriptions. The anaIyst normally 
reviews 100% of the raw analytical data generated, 
including the calibration data and all calculations. 
Upon completion of the analyst process, a second 
level of review of the raw data is performed by 
either the laboratory manager or Program Man- 
ager. At this level, 25 - 100% of the data quality 
indicators (i.e., method blanks, replicate analyses 
and spike recovery data) are reviewed relative to _ . _ 
the acceptance criteria described in the analytical 
procedures. 

I 



At the next level of data aualitv review, the QA 
Officer is generally respobibld for a complete 
review of about 20% of the data generated. The 
emphasis is on the data acceptability relative to the 
data quality indicators and on the accuracy of the 
final data summaries. 

All analytical problems encountered during sample 
analysis are properly addressed to provide expla- 
nations for data users. 

Review Checklists ., 
See figure6-1 and 6-2. 
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~ DATA REVIEW CHECKLIST PROJECT OFFICERS 
DEPARTMENT 

CLIENT/PROJECT: 

EPISODE: 
~ REVIEW DATE: 

Client Name/Address/Contact 
are all correct? Yes 0 No0 

Sample 1.D.s are as specified on 
client chainof-custody? Yes 0 No0 

If No: Is the I.D. change documented in a client 
phone log and in the case narrative? Yes 0 Nod 

Do all samples reflect the proper matrix?Yes 0 NoC] 

Are all units reported reflecting 
the proper matrix? Yes 0 No0 

Are the proper method references 
listed? Yes 0 No0 

Do the results on the worksheets agree 
with the LIMS entered result? Yes 0 No0 

Do the results from the raw data agree 
with reported results? Yes 0 No0 

Are Dilution Factors/Calc:ulations 
carried out correctly? Yes 0 No0 

Are all parameters addressed in 
the QC section? Yes 0 No0 

Do they have the following QC information tabulated? 
1. Method &/or TCLP Blank Results? . . . . Yes d No0 
2. Blank Spike Results? . . . . . . . . . . . . . . . . . . . . . . . . . . Yes 0 No0 
3. Laboratory Control Spike (LCS)? . . . . . . . Yes 0 NoO 
4. Matrix Spike/Matrix Spike 

Duplicate Results? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Yes 0 Noa 
5. Duplicate Sample Results? . . . . . . . . . . . . . . . . Yes 0 Noa 

Are Diskette Deliverables Required? . . . . . . . Yes 0 No0 

If Yes: 
Is the requested format supplied? . . . . . Yes 0 NoO 
Are all the fields filled out? . . . . . . . . . . . . . . . Yes 0 No0 

ADDITIONAL COMMENTS: 

Are CLP/“CLP-Like” Packages required 
by client? Yes 0 No0 

If Yes: Are the following Items supplied? 

ORGANICS: 
1. QC Summary (i.e., Surrogate, MatrixSpike/ 

Matrix Spike Duplicate Summary, 
Method Blank Summary) . . . . . . . . . . . . . . . . . . . Yes IJ No0 

2. Sample Results? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Yes 0 Noa 
3. Sample raw Data? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Yes 0 NoO 
4. All Pertinent Calibration Summaries 

(Initial &Continuing)? . . . . . . . . . . . . . . . . . . . . . . . . Yes 0 No0 
5. All Pertinent Calibration Raw Data? . . Yes 0 Noel 
6. All Tuning Summaries 

(BFB & DFTPP)? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Yes 0 No0 
7. All Tuning Raw Data? . . . . . . . . . . . . . . . . . . . . . . . . Yes IJ Non 
8. Method Blank Raw Data? . . . . . . . . . . . . . . . . . . Yes lJ No0 
9. MS/MSD Raw Data? . . . . . . . . . . . . . . . . . . . . . . . . . Yes 0 No0 

INORGANICS: 
1. Sample Results? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Yes 0 Nob 
2. QC Summary (i.e., Initial & Continuing Calibration 

Verification, CRDL Standard for AA & ICP, Blanks, 
ICP Interference Check Sample, Spike Sample 
Recovery, Post Digestion Spike Sample Recovery, 
Duplicates Laboratory Control Sample, Stan- 
dard Addition Results, ICP Serial Dilutions, Prepara- 
tion Log, Analysis Run Log)? .“........... Yes 0 Noa 

3. Quarterly Verification of: 
Instrument Parameters? . . . . . . . . . . . . . . . . . Yes 0 No0 
Instrument Detection Limits? . . . . . . . . . . Yes 0 Nob 
ICP Interelement Correction Factors?YesO Nob 
ICP Linear Ranges? . . . . . . . . . . . . . . . . . . . . . . . . . Yes 0 No 0 

4. Raw Data? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Yes 0 No0 

- 

Project Officer Signature: 

SOUTHWEST LABORATORY OF OKLAHOMA, INC. 
1700 W. ALBANY l BROKFN~ROW, OKLAHOMA 74012 l OFFICE (918) 251-2858 l FAX (918) 251-2599 [PJOO7a692-05) 



7.1 EXTERNAL QUALITY 
CONTROL CHECKS 

EPA CLP Performance 
Evaluatiion and On-Sbts Audits 

Quarterly Performance. Evaluation (PE) samples 
consisting of one to three sets of PE samples are 
analyzed by the laboratory to demonstrate its 
ability to perform CLP requirements. This pro- 
vides evidence that the laboratory personnel 
involved fully understand the required analytical 
methods and that these methods can be performed 
satisfactorily by the laboratory personnel using the 
laboratory equipment and instrumentation. It also 
provides evidence that the laboratory understands 
the documentation and reporting requirements of 
the contract. 

An on-site audit is done annually to demonstrate 
the laboratory has in place and operating, all the 
personnel, equipment and internal standard oper- 
ating procedures needed for performance of 
contract requirements. 

EPA Water Pollution (WP) 
/Wal!w Suppty (WS) 

Pwformanoe Evaluation 

‘Ihe laboratory receives sets of quarterly PE samples 
for the analyses of water pollution and water 
supply parameters to provide interlaboratoryevalu- 
ation of data results for reproducibility and 
comparability. It also provides “feedback” of the 
QC procedures used by the laboratory. 

Performance Evalwtion of 
Contracts/Projtct Proposals 

A set of PE samples is received by the laboratory 
prior to pre-award of contract/project proposal 
bids. PE results obtained demonstrate the data 
reliability of sample analyses performed under a 
contract/project. 

Field Quality Control Checks 

Collection and analysis of field blanks, equipment 
washes, trip blanks, and field replicates are in- 
tended as QC checks on the integrity of sample 
collection and handling procedures and equip- 
ment decontamination procedures. 

Field blanks, equipment blanks, and trip blanks 
are prepared using ASTM Type II reagent water 
and sample bottles randomly selected from the 
bottles prepared for environmentaisampies. ASTM 
Type II reagent water is used to prepare these field 
check samples, regardless of the environmental 
medium being sampled, because: 

W It mimics the physicalcharacteristics of ground- 
water and surface water 

H No reproducible, affordable material is avail- 
able that mimics the clay and organic portion of 
soils and sediments 

H An organic or aqueous reservoir is necessary 
for the absorption, dissolution, or solvation of 
organic and inorganic contaminants. 

Field blanks (ambient conditions blanks) are pre- 
pared at the beginning of each sampling event, at 
each discrete sampling site, by pouring ASTM 
Type II reagent water into prepared sample bottles. 
These sample bottles are randomly selected from 
the supply of prepared sample bottles; a sample 
container is selected that is appropriate for each 
type of analysis for which environmental samples 
are being collected.. The field blanks are handled 
and analyzed in the same manner as environmen- 
tal samples. Because field blanks and environmental 
samples are collected under the same conditions, 
field blank analyses are used to indicate the pres- 
ence of external contaminants that may have been 
introduced into samples during collection. Field 
blanks also may become contaminated during trans- 
port, but this may be assessed by the simultaneous 
use of trip blanks, which is discussed below. 



Equipment blanks (bailer washes) are prepared for 
manual and small automated sampling equipment 
used to collect environmental samples (i.e., equip 
ment blanks are not prepared for drill rig sampling 
equipment). Equipment blanks are collected dur- 
ing the sampling day by pouring ASTM Type II 
reagent water into/through/over a clean piece of 
sampling equipment, such as bailers, shovels and 
trowels, and then dispensing it into prepared 
sample bottles. These sample bottles are randomly 
selected from the supply of prepared sample bottles, 
selecting a sample container appropriate for each 
type of analysis for which environmental samples 
are being collected. Analyses of bailer washes are- 
used to assess the efficiency of equipment decon- 
tamination procedures in preventing 
cross-contamination between samples. 

Trip blanks are prepared at the beginning of the 
sampling trip by pouring ASTM Type II reagent 
water into prepared sample bottles. These sample 
bottles are randomly selected from the supply of 
prepared sample bottles. Sample containers are 
filled to yield an appropriate sample volwne for 
each type of VOC analysis, resulting in a complete 
trip blank for the sampling event. These trip 
blanks are prepared at the laboratory, shipped to 
the facility to be sampled (with the unused sample 
bottles), stored with the unused sample bottles, 
transported to the sampling site, and then shipped 
for analysis with the samples collected during the 
sampling event. The water used to prepare each 
batch of trip blanks is analyzed for VOCs. The 
results of the trip blank: analyses are reported 
along with the associated environmental and QC 
samples. The trip blanks remain unopened through- 
out the sampling event. Analysis of trip blanks is 
used to assess contamination of sample containers 
during transport to and #storage at the site, and 
contamination of samples during transport back to 
the laboratory. One trip blank will be included in 
each shipping container containing samples for 
VOC analysis. 

All sample containers provided are shipped with 
COC records. These records are completed by the 
field personnel and returned with the samples. 
The following QC samples are collected for each 
day of sampling: 

m One trip blank per cooler per sampling team 
for every batch of VOC samples. 

n One field blank per field sampling team for I_,...,.., ,, 
every VOC sampling rounid at a particular site or 
zone. 

H One set of equipment blanks for every day of 
groundwater sampling. All parameters are to be 
analyzed. 

n One field replicate for every 20 soil/sediment 
samples is collected at a preselected monitoring 
point. (More frequent replication can be 
accomodated.) Field replicates are collected at 
the same time and in the same manner as the other 
environmental samples. Field replicates are not 
the same as laboratory duplicates, because they are 
separate samples obtained from the same field 
monitoring point. As such, results of the field 
replicate analyses are used to assess the precision 
of the field sampling methods, not that of the 
analytical techniques. 

H One field duplicate for every 20 water samples 
is collected at a preselected monitoring point. 
(More frequent replication can be acwmodated.) 
A duplicate sample is collected independently at 
a sampling location during a single act of sampling. 
Field duplicates are labeled indistinguishable from 
other analytical samples so that personnel per- 
forming the analyses are not able to determine 
which samples are duplicates. Field duplicates are 
used to evaluate the reproducibility of sampling 
techniques. 

7.2 LAB RATORY 
% QUALITY CON OL CHECKS 

Matrix Sp~kwWlatrix Spike 
Duplicalm QMSBJMIIEPID) 

MS/MSD is used to check for precision and accu- 
racy. These are replicate samples spiked with a 
known spike concentration that are taken through 
the whole sample preparation process. MWMSD 
analyses are performed on one sample in each 
group of 20 samples (20%), and/or on each type of 
sample matrix per concentration. Table 7.2 shows 
a list of matrix spike compounds routinely em- 
ployed by the laboratory. 



The sample analysis process and the spike sample 
process differ in the adding of known amounts of 
the substances to be analyzed to the aliquot of the 
replicate sample. The amount of spike added 
varies according to the working range of the ana- 
lytical instrument. 

After value of the sample is determined, the value 
of the sample spike is determined. Should the 
sample also have a value of the spike analyte, the 
value of the sample is subtracted from the value of 
the spike and the percent (%) recovery of the spike 
is calculated using the following equation: 

., 

96 Recovey = (Spike Sample Result - Sample Rex&J x I 00 

SpikeAdded 

At times the sample value is outside the operating 
range of the analytical instrument. In such cases it 
is impossible to know the magnitude of the analyte 
before the spike is added. Occasionally, the sample 
and the spike sample require dilution to perform 
sample analysis within the linear range of the 
instrument. This dilution adjusts the analyte in 
the sample to the proper concentration, but it will 
sometimes also dilute the spike added below the 
range of detection. In this case, it is not possible 
to report spike recovery for that particular analyte. 

The lack of spike recovery data for an analyte that 
has been diluted to levels outside the working 
concentration of the instrument is supplemented 
by the periodic analysis of spiked QC check sample 
and other additional sample data. 

The calculated % recoveries are then used to assess 
data precision expressed as relative percent devia- 
tion (RPD). It is calculated using the following 
equation: 

RPD= (MS Result - MSD Result) x 100 
Mean of MS and MSD Results 

where MS denotes Matrix Spike. 

RPD can also be measured by duplicate sample 
analysis of one sample. In this case the (2) sample 
results take the place of the MS and MSD values 
in the above equation. 

Method Blanks 

Method blanks, also known as reagent blanks, are 
analyzed for each matrix and each batch of sample 
analyses. An aliquot of equal volume or weight to 
the sample is used for method blank analysis. The 
method blank, like that of duplicate and spike 
samples, is taken through the whole analytical 
process. The method blank must be blank of any 
substances being analfled, or interferences. 

A calibration blank/system blank is prepared by 
analyzing the same matrix used for the preparation 
of the calibration standards. It is used to establish 
the analytical curve by taking into account back- 
ground responses during the calibration process. 
It is also used to check for carry-over wntamina- 
tion after a standard run or after a wntaminated 
sample run. 

LaboraWry Control 
SampCee (LCB) 

Laboratory Control Samples (LCS) are obtained 
from USEPA Quality Assurance Branch, Environ- 
mental Monitoring and Support Laboratory 
(EMSL), and NBS. ‘Ihe quality wntrol samples 
are prepared for analysis in strict accordance with 
the procedures provided with the materials. LCS 
are analyzed each day for every sample batch run 
to check proficiency of the analysis in terms of 
working standards preparation, monitor standard 
degradation, and check traceability of the pre- 
pared standards from commercial reference 
materials to EPA reference materials. A measure 
of comparability between batches is established 
with the analysis of the LCS. It is also used to check 
efficiency of both the digestion/extraction, and 
the instrumental analysis. Check results must be 
within the target range values (i.e. 95% confidence 
limits of the given values) of the LCS or within the 
95% confidence limits of the true value of the 
check standard as determined from runuing repli- 
cate analyses of the check standard. (See Appendix 
D for Standard Traceability) 



Surrogatq Spike Analyses 

Where applicable, an analytical process includes 
the addition, subsequent detection, and recovery 
calculation of surrogate spiking compounds. Sur- 
rogate compounds are analyte compound 
substitutes, (i.e., compounds not specifically re- 
quested to be determined as analytes in a particular 
swpe of work) which most often do not occur 
naturally. Surrogate compounds are added to 
samples for analysis after sample aliquots have 
been measured out and are taken through the 
whole sample preparation process. Surrogate, 
compounds, to be useful in QC analysis, must not 
interfere with the determination of the analytes of 
interest. Surrogates must also be chemically simi- 
lar to the analytes of interest and capable of 
emulating the analyte response. 

Surrogate standard determinations are performed 
on all samples and blanks. All samples and blanks 
are spiked with surrogate spiking compounds be- 
fore purging or extraction in order to monitor 
preparation and analysis of samples. Table 7.1 
shows a list of surrogate spike compounds rou- 
tinely employed by the laboratory. 

Method of Standard Addition 

A method of standard addition is used to check 
the accuracy of the analysis method under opti- 
mum conditions, excluding chemical interference 
from sample matrix. (See Section 4.2.1.1 for 
details) 

ICP Interferwce Check 
Samlple (ICS) Analysis 

ICP interference check sample verifies interele- 
ment and background correction factors of the 
ICP instrument. (See Section 4.2.1.1 for details) 

EPA, NSS and/or Commercial 
Reference Standards 

These standards are analyzed routinely for the 
parameter of interest. Commercial standards are 
checked for standard traceability. 

In&al Standards Analysis 

Internal standard areas are monitored as a mea- 
sure of instrument calibration. Internal standard 
determinations are performed on all samples and 
blanks to monitor instrumental efficiency and also 
used as a reference retention time indicator to 
check retention time shifts of peaks of interest. 

A known amount of internal standard concentra- 
tion is added to a sample extract prior to 
instrumental analysis. Like the surrogate stan- 
dard, it must not interfere with the determination 
of the analytes of interest. It must also be chemi- 
cally similar to the analytes of interest and capable 
of emulating the analyte response. 

Calibration Standards 

Calibration standards are used to quantitate the 
amount of analytes present in the sample. These 
are analyzed to initiate any type of analyses. (See 
Section 4.0, Calibration and Frequencies) 

See Section 4.5, Table 4.2, and Table 4.3. 

Control Chart&s 

The performance of a measurement system can be 
demonstrated by the measurement of homoge- 
neous and stable control samples in planned 
repetitive process. The data generated is plotted 
as a control chart to indicate whether the system is 
measuring the control sample adequately to pro- 
vide confidence in the measurement process. It 
warns the laboratory of possible deviation from 
95% confidence level by identifying systematic 
errors, drifts, or other types of problems. 

The use of control charts are summarized as fol- 
lows: 



n They provide graphic assessment of accu- 
racy and precision for the analysis of each analyte 
and instant detection of erroneous data. 

n They allow efficient observation of recov- 
ery trends for a particular analysis, and they provide 
a long-term mechanism for self-evaluation of ana- 
lytical output. 

n They provide assessment of the analytical 
capability of the staff chemists with regard to the 
output of valid analytical data. 

n They allow observations of deviations from” 
control trends. It has been noted that: 

4 A system must be established to be in 
control, in order to be maintained in control. 

4 A system is not in control if it is observed 
to produce unexpected data more than once 
every 20 runs. 

4 Control limits usually become tighter once 
a process is under a controlled protocol (i.e. 
the original limits were based on data pro- 
duced by an uncontrolled operation). 

TYPES OF CONTROL CHARTS USED 
Four charts are used to monitor the laboratory 
data: 

Surrogate Spike Recoveries vs. Sample Analyzed n A run of two or more consecutive points 
(see fig 7.1) outside warning limits (2s). 

Laboratory Control Standard (LCS) Concentra- 
tion vs. Date Analyzed (see fig 7.2) 

Percent Matrix Spike Recovery vs. Date Analyzed 
(see fig. 7.3) 

Relative Percent Difference of Matrix Spike/MS 
Duplicates or Duplicate Analyses vs. Date Ana- 
lyzed (see fig. 7.4) 

The preparation of a control chart is based on 
Shewhart’s theory of control charts (EPA Hand- 
book for Analytical Quality Control Water and 
Wastewater Laboratories, Chapter 6). 

APPROACH TO CONTROL CHART 
INTERPRETATION 

For each parameter and method, a data base of 

percent recovery (%R) for QC reference samples 
or spiked samples is collected. The arithmetic 
mean and standard deviation of this set is calcu- 
lated. From this information, warning and control 
limits of a run are determined. These are defined 
as: 

H Warning limits are defined as x +2s, where s is 
standard deviation. 

n Control Limits are defined as x *3s, where 
s is standard deviation. The %R of each QC 
sample or spike sample is plotted on a control 
chart and compared with the statistically baaed 
control limits. 

n Data precision is evaluated based on 
results of the samples analyzed in duplicate. 
The range is calculated and then divided by the 
average of the two analyses, then multiplied by 
100. This value equals percent difference 
(%D). The %D of duplicates in each data set 
is compared with the values previously found 
in the laboratory. Calculations for warning and 
control limits are the same as above. 

n Interpretation of control charts for out-of- 
control: 

n One or more points outside the control 
limit (3s). 



n A run of seven or more points above OI 
below x, indicating-trends or shifts. 

B Cycles or non-random patterns in the dat: 
chart (six consecutive points increasing or decreas 
ing). 

B See figure 5.4 for examples of some of thesr 
outliers/trends. 

n Control charts are routed to the various de 
partments where trends are noted and correctiv 
actions are made to alleviate these patterns. 

Laboratory Control Limits 

e 
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Figug 7.2 
Example Control Chart 

$T&RTr& PRECISION 
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Appendix E shows table of laboratory control I ,““” ,, 
limits for some parameters. Data outside of the 
laboratory control limits are flagged and discussed 
with the client. As the laboratory gathers a large 
enough data base, it will be able to establiqh its own 
criteria for 95% confidence level for both inor- 
ganic and organic parameters. 

- 

Figure 7.3 
Example Oontrol Chart 
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Figure 7.5 
Example Control Chart 



TABLE 7.1 LIST OF 
SURROGATIES SPIKING STWDARDS 

FOR ORGANIC ANALYSIS 

SURROGATES 
Method 601/602/8010/8020 (GC Purgeables): Method 624/8240/B% (GUMS Purgeables) 

Bromochloromethane 1,2 Dichloroethane-d4 
Bromofluorobenzene Bromofluorobenzene 

Toluene-d8 
Method 608/808O/JFB (Pest/PCB) 

Dibutyl Chlorendate (DBC) Method 625/8270/B% (Semivolatiles) 
.F Nitrobenzene-d5 Phenol-d5 

2-Fluorobiphenyl 2-Fluorophenol 

- 2,4,6-Tribromophenol TerphenyLdl4 

TABLE 7.2 LIST OF MATRIX SPIKING 
STANDARDS FOR ORGANIC ANALYSIS 

Method 601/602/8010/8020 (GC Purgeables) Method 624/8240/B% (GC/MS Purgeables) 
1,1-Dichloroethene l,l-Dichloroethene 
Trichloroethene’ Trichloroethene 
Chlorobenzene Chlorobenzene 
Toluene Toluene 
Benzene Benzene 

Method 608/808O/IFB (Pest/PCB) 
Gamma-BHC 
Heptachlor 
Aldrin 
Endrin 
PP’-DDT 
PCB-1260 or PCB-1254 

Method 615/8150 (Herbicides) 
2,4-D 
54,5-n’ (Silvex) 

Method 625/8270/B% (Semivolatiles) 

BASENWTRALS ACIDS 

1,2,4-Trichlorobenzene Phenol 
Acenaphthene Pentachlorophenol 
2,CDinitrotoluene 4-Chloro-3- 

Methylphenol 
Pyrene 2-Chlorophenol 
N-Nitroso-di-N- 

Propylamine 4-Nitrophenol 
1,4-Dichlorobenzene 



Audit is defined as systematic check to determine 
the quality of operation of laboratory activities. It 
is comprised of the following: 

B Performance audit 

m System audit 

8.1 FIELD 
PERFORMANCE AUDITS 

Field performance audits are performed on an 
ongoing basis during the project as field data are 
generated, reduced, and analyzed. All numerical 
analyses, including manual calculations, are docu- 
mented. All records of numerical analyses are 
legible, of reproduction-quality, and supporting 
complete to permit logical reconstruction by a 
qualified individual other than the originator. 

Other indicators of the level of field performance 
are the analytical results of the blank, duplicate 
and replicate samples. Each blank analysis is an 
indirect audit of effectiveness of measures taken in 
the field to ensure sample integrity (e.g., field 
decontamination procedures). The results of the 
field duplicate and replicate analyses are an indi- 
rect audit of the ability of each field team to collect 
representative sample portions of each matrix 
type. 

8.2 LABORAT’ORY 
PERFORMANCE AUDIT 

Procedures used to assess the effectiveness of the 
quality control system are as follows: 

internal Performanoe Audits 

These are accomplished by the laboratory through 
the use of control samples, replicate measure- 
ments and use of reference materials. 

Sample analysis systems are conducted by the QA 
Officer and include the following: 

H Verification of written procedures and 
analyst(s) understanding 

a Verification and documentation of proce- 
dures and documents 

m Review of analytical data and calculations 

External Perfonmanoe Audits 

These are accomplished by the laboratory through 
interlaboratory checks such as: 

n Participation in various state laboratory evalu- 
ation programs. 

m Participation in WP & WS studies from EPA. 

m ParticipationinEnvironmentalResourceAssoc 
(ERA) WP & WS studies. 

n Analysis of split samples and comparing results 
with the other laboratory. 

m Participation in the U.S. EPA UP program. 

m Participation in the U.S. Army Corps of Engi- 
neers DERA certification program. 

8.3 LA&ORATORY 
SYSmM AUDIT 

An on-site inspection is done by EPA audit team 
or laboratory certification personnel to review the 
laboratory quality control sptem which covers 
sample handling, sample analysis, records control, 
preventive maintenance, and proficiency testing. 
When EPA or laboratory certification personnel 
initiate a system audit of the laboratory, any 
recommendations made or deficiencies identified 
will be considered for implementation and correc- 
tive actions taken to correct deficiencies. 



LABORATORY AUDIT CHECKLIST t#i%mm 

N 

SAWLE R@CEIWNG: 

1. Was the sample paperwork & 
laboratory paperwork in agree- 
ment?* Yes0 No0 

2. Was a sample log-in sheet filled 
out? Yes0 No0 

If so, were all items completed? 
Yes0 No0 

3. Was the worksheet and appro- 
priate paperwork sent out to the 
analytical requred sections of the 
laboratory (i.e., Extractions, Gc/MS, 
& Inorganics)? Yes0 No0 

4. Were there any revisions made 
to the paperwork and notes/phone 
logs describing why the revisions 
were made? Yes0 No0 

5. Were samples storage areas 
monitored for appropriate tempera- 
tures? Yes0 No0 

6. Any temperatures outside of 
control limits? Yes0 No0 

If so, were corrective actions 
made? 

COMMENTS: 

Yes0 Nob 

‘Mekc copy of paperwork to wify thrrt it 
is in agreement with other parts of the 
lakxltory. 

BY: 

ANALYTICAL tJ#BORATORtES: 

1. Does log-in of sample/extracts to 
the analytical lab agree with the 
Sample Receiving paperwork (i.e., 
analytical run logs I.D. samples 
correctly)? Yes0 No0 

2. Are samplesanalyzed within 
holding times? Yes0 No0 

3. Are standards used in analysis 
traceable back to US EPA stan- 
dards? Yes0 No0 

4. Are calibrations performed 
correctly? ’ Yes0 No0 

5. Is the analytical run sequence in 
agreement with the requested 
methodology? Yes0 No0 

6. Were there any corrective 
actions/maintenance performed to 
the instrument during analysis of 
the samples in question? 

Yes0 No0 

7. Are these correctiw actions/ 
maintenance documented in the 
instrument maintenance logs? 

Yesb No0 

COMMENTS: 

1. Does the Sample Receiving 
paperwork agree with the report- 
ing paperwork (i.e., sample num- 
ber, sample ID’s, turnaround time, 
matrix, etc.) Yes0 No0 

2. Have revisions been made to the 
paperwork? Yes0 Nod 

3. Are notes/phone logs describing 
revisions included in the reporting 
files? Yes0 No0 
4. Are problems in the analysis 
reported in the case narrative?’ 

Yes0 No0 

5. Was the reporting requirements 
in agreement with what the client 
requested? Yes0 No0 

6. Were there any resubmissions or 
submissions of late data? 

Yes0 No0 

7. Were the reasons for these 
submissions documented in the 
subsequent case narratives? 

Yes0 No0 

8. Were requested methodologies 
reported to the client? Yes IY Noa 

9. Was all appropriate QC (Quality 
Control) reported? Yes0 No0 

COMMENTS: 

SOUTHWEST LABORATORY OF OKLAHOMA, INC. 
1700 W. AUWNY l BROKEN ARROW, OKWIOMPI 74012 l OFFICE (918) 251-2858 l FAX (916) 251-2599 [QAOl2-0792-01] 
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LABORATORY CORRECTIVE ACTION 8%? 

DlBCRIPTION OF EVENT 

> Date Racopnid: >By 

* Dateoccurred: > By: 

> Date cod: > By: 

ANAI.YTICALMETHOD 

* Analp: 
> Analvst: 

> Method: 
> lab Manager: 

> Samples Affectedl (Lab ID): 

> Description of problem encountered: 

> Co&tireventive Action Taken: i 

- 

- 

> SIGNATURES: 

Analyst: _ 

Su#wrvisor 

QA Officer - 

Dare: 

Date: 

Date: 

FOLulW UP 

> Follow up Invatigation/Dtission: 

- 

> SIGNATURES: 

QA Officer: _I 

Luboratmy Dirmor: 

Dare: 

Date: 

SOUTHWEST LABORATORY OF OKLAHOMA, INC. 
1700 W. ALBANY l BROKEN %mw, OKUHOMA 74012 9 OFFICE (918) 251-2858 l FAX (918) 251.2599 [QAOO1-0492-01] 
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Preventive maintenance is defined as an orderly 
program of positive actions for preventing failure n Battery Replacement 
of equipment and ensuring that the equipment is 
operating with the reliability required for quality When batteries no longer hold a charge for a 
results. ‘Ihe actions include specification checks, reasonable length of time, they should be re- 
calibrating, cleaning lubricating, reconditioning, placed. This unit requires six AA size 
adjusting and checking. nickel-cadmium batteries. Replace them as fol- 

lows: 

Q.1 FIELD EQUIPMENT -* 
l Remove the accessories from the foam 
insert above the instrument panel 

Preventive maintenance is carried out on all field 
l Remove the four screws securing the panel 

equipment prior to being shipped to the sampling in the case 
site. This preventive maintenance includes regular 
battery checks and maintaining a sufficient stock 

l Lift the panel from the case and place it 
of spare parts and supplies. Field personnel are face down on a padded surface 
strongly cautioned that these instructions are for 
general purpose only. Should equipment break 
down in the field and field crews are unable to 

l Pry the batteries from their clips with a 
screwdriver and replace all six batteries 

repair the equipment within a reasonable amount 
of time, the operations manager in the laboratory 

l Replace the panel in the case, and replace 
is notified. A replacem,ent is shipped immediately the accessories in the foam insert 
via overnight courier. Whenever possible, dupli- 
cates of alI equipment are initially sent to the field. 
For specific preventive maintenance procedures, 

l Connect the charge unit to the instrument 

the appropriate instrument manual should be 
and allow the batteries to charge for 15 hours. 

consulted. n pH Electrode Care Storage 

When the electrode is not in use, the wetting cap 

pH Meter with filling solution-soaked cotton should be rein- 
stalled over the tip, and the fill hole cover should 

The following is a description of the preventive be placed over the hole. This will prevent loss of 
filling solution through evaporation. Always main- maintenance procedures for the field pH meters: tain the filling solution level just below the fill 

n Charging Batteries’ hole. 

After the initial charge when first placing the n pH Electrode Cleaning 

instrument in operation, the batteries are re- Normal cleaning of the electrode can be per- 
charged after each 30 hours of operation. Allow 
the batteries to charge 16 hours to restore them 

formed in the following manner: 

fully. Exceeding the 16-hour period will not 
damage the batteries. Overnight charging is rec- 

l Immerse the electrode tip in O.lN HCl 
followed by immersion in O.lN NaOH and 

ommended, and periods of operation between 
charges should not exceed 30 hours. With proper 

again in O.lN HCl, each for a 2 minute period. 
Rinse with ASTM Type II reagent water and 

charging practices, a set of batteries should last for 
more than 300 charge cycles. 

soak in pH 7 buffer solution for 30 minutes. 

l If the electrode is slow to respond or read- 
ings are unstable and the connection Ci3MOt 



be remedied with normal cleaning, the refer- 
ence junction..may be clogged. Clean the 
junction for 10 minutes in dilute potassium 
chloride solution. First dilute a saturated 
potassium chloride solution about 1:lO with 
water. Place the electrode tip in the boiling 
solution for about 10 minutes. 

l Remove heat and allow the electrode to 
cool while immersed in the solution. Then 
rinse with ASTM ‘I&e II reagent water and 
soak in pH 7 solution before testing again. 

If these steps fail to improve electrode response,, 
replace the electrode. If the pH bulb becomes 
contaminated or left dry, it may be reconditioned 
by following the cleaning procedure above. 

Specific Conductance Meter 

The following is a description of the preventive 
maintenance procedures for the field specific con- 
ductivity meters: 

B Battery Replacement 

Low battery condition is indicated by an arrow on 
the display. When the arrow appears, the battery 
should be replaced. 

Thermometer 

After each use, the thermometer probe should be 
rinsed with ASTM Type II reagent water. Should 
the sample contain oils or other heavy hydrocar- 
bon mixture, the probe should be washed with 
laboratory-grade detergent and rinsed with ASTM 
Type II reagent water. 

INSTRUMENTA’TYON 

A preventive maintenance program for the instru- 
mentation ensures fewer interruptions of analyses, 
personnel efficiency, and lower repair costs. It 
eliminates premature replacement of parts, and 
reduces discrepancy among test results. It in- 
creases reliability of results. 

The laboratory has established the following pre- ,, .,,) 
ventive maintenance program: 

1. 

2. 

3. 

4. 

Each type of equipment/instrument has a 
written Standard Operating Procedure (SOP) 
which describes the methods for routine in- 
spection, cleaning, maintenance, testing, 
calibration, and/or standardization of the 
equipment. Instrument operating manuals 
are kept near the instrument or where analysts 
have easy access. 

Analysts using the instruments are properly 
trained and develop trouble-shooting skills in 
equipment failure to reduce dependence upon 
outside servicing agencies. In complicated 
cases, the servicing agency or supplier is called 
to solve the problem. 

Written equipment records are kept to docu- 
ment all inspection, maintenance, 
trouble-shooting, calibration, or modifica- 
tions. Whenever maintenance is performed 
on an instrument, it is properly documented 
in a preventive maintenance logbook, which is 
kept near the equipment to monitor the 
adequacy of maintenance schedules. The 
records contain the date (month, day, year), 
description of the maintenance done, the 
actual findings, the name of the person doing 
the maintenance and a statement of whether 
the maintenance operations were routine, 
and if those operations followed the written 
SOP. 

Performance criteria is established for judg- 
ing when data from instrument performance 
checks indicate the need to make adjustments 
in the instrument operating conditions. (See 
Section 4.0, Calibration Procedures and Fre- 
quency for details) 

Chromatographic Instruments 

Preventive maintenance is done through a daily 
performance check and calibration of standards. 
Parameters such as retention time and response 
factors are observed and back-checked with prior 
operational performance. 



In addition, the following are done: General cleaning of Every 4 months 
instrument 

n GC detectors are cleaned whenever perfor- 
mance degradation (i.e., calibration criteria are All items from monthly Every 4 months 
not met, retention time shifts, noisy baseline, etc.) maintenance schedule 
is observed by the analyst. 

Change primary filters Every 6 months 
n Septa are replaced as needed. on CDC disc drive 

n Incoming gas drying cartridges are changed Sensitivity analysis through Every 12-hour 
whenever the color of the adsorbent is noticed. BFB and DFTPP tune criteria clock 

n Effluent adsorbent traps are changed every 
month. .* 

Atomic Absorption 
W Columns (GC and HPLC) are checked by Spectrophobometers/lCP 
performance and opera.ting conditions when in 
use or prior to use. Preventive maintenance is done for atomic absorp 

tion through the following checks: 
W Oven performance checked daily prior to use. 

n Minimum warm-up period of 30 minutes 
(See Appendix D for SOP for GC Preventive 
Maintenance for more detailed discussion) H Alignment of hollow cathode tube to produce 

the maximum emitted light to the detector 

n For flameless AA, the inert gas flow inside the 
Gas Chromatography/Mass furnace is optimized to ensure maximum sensitiv- 

Spectroscopy (GC/MS) ity 

‘I’be preventive maintenance includes: W Digital readout values obtained for the stan- 
dard curve of each element are checked to ensure 

Maintenance Reauirements Freauencv linearity 
Clean filters on cooling fans Monthly 

n If readings are low, the operator checks the gas 
Check cooling fan for proper Monthly flows, burner or cell alignment, wavelength, slit 
operation width, photomultiplier voltage and lamp intensity 

prior to analysis 
Check line voltage Monthly 

Clean CDC disc drive Monthly 
pre-filter General Laboratory Equlpment 

Check cool-flow level Monthly Analytical balances of various capacities and op 
erational modes are calibrated annually by a 

Change mechanical pump oil Every 4 months licensed specialist and officially recorded as verifi- 
cation of performance. \ 

Clean source and rods Every 4 months 
Balances are calibrated with standard Class S 

Check power supplies in Every 4 months calibration weights before usage. The pH/specific- 
QEM Box ion meters are calibratedbefore use with a minimum 

of two standard solutions. All combination pH 
Clean printer inside and Every 4 months electrodes will be stored in pH 4 buffer solutions. 
outside Appendix D shows SOPS used for some instrumen- 

tation and equipment. 



10.1 FIELD DATA 

Precision 

Duplicate and replicate samples analyzed by the 
laboratory assess the precision of the sampling 
effort. Control limits for duplicate/replicate RPDs, 
are set at O-20% to provide interim guideline. 
Once a sufficient amount of replicate data be- 
comes available, field precision control charts are 
constructed similar to the laboratory precision 
charts. For any given concentration, the mean and 
the standard deviation(s) of the replicates are 
calculated. The mean is the centerline of the 
control chart. Data from each sample set are 
pooled with the previous sample sets to generate 
control and warning limits for the next set. Warn- 
ing and control limits for water samples are set at 
22s and +3s, respectively. Control limits for solid 
samples are more liberally established due to ma- 
trix heterogeneity. Data outside any control limit 
are subject to QA review. 

Accuracy 

Field instruments are calibrated daily or more 
frequently, if needed, to ensure accuracy of the 
measurement of field parameters. Specifically, 
the pH measurement must be accurate to 20.1 
unit, temperature must be to +O.YC, and specific 
conductance must be it 10 umhos/cm. Each will be 
purged until the above parameters are stable within 
the specified limits. 

All blanks associated with each sample set are to be 
analyzed and evaluated for cross-contamination. 
Blank contamination and the resulting corrective 
action are assessed on an individual basis. 

Completeness 

The Field Supervisor is responsible for ensuring 
that all field instrumentation and equipment is 

functioning properly and calibrated according to 
set procedures, and that all data are recorded 
accurately and legibly. In addition, the Field 
Supervisor must ensure all sites are sampled for all 
of the specified analyses, that sufficient sample 
volume has been provided to complete those analy- 
ses, and that all of the QA samples have been 
included with each sample set. The goal for 
completeness for each sample set shipped to the 
laboratory is 100 percent. The minimum accept- 
able completeness limit is 95 percent. 

10.2 LABORATORY DATA 

Accuracy 

Data accuracy is a reflection of the efficiency of 
the analytical procedure. It is determined by use 
of spiked samples and standard reference materi- 
als or laboratory control samples performed at the 
rate of one set every 20 samples. A control chart 
is generated using historical laboratory data where 
warning and control limits are established to assess 
data accuracy. (See Appendix E for Laboratory 
Control Limits) 

Precision 

Precision is based upon the results of the relative 
percent differences as calculated from the percent 
recoveries of the matrix spike and duplicate samples. 
The control limits for precision are based on 
historical laboratory data. (See Appendix E for 
Laboratory Control Limits) 

Completeness 

Completeness is expressed as the percentage of 
the amount of valid data obtained to the amount 
of data expected. For a set of data to be consid- 
ered complete, it must include all QC data verifying 
its accuracy and precision. (See Section 6.2, 
Laboratory Data, for details.) 



Comparability 

Comparison of results from one batch of samples 
to another is established by the analysis of the 
Laboratory Control Samples (LCS). 



11 .l FIELD 
CORRECTIVE ACTION 

The initial responsibility for monitoring the qual- 
ity of field measurements lies with the field 
personnel. The Field Supervisor is responsible for 
verifying that all QC procedures are followed. 
This requires that the Field Supervisor assess the 
correctness of the field methods, the ability to., 
meet QA objectives, and to make a value judge- 
ment of the impact a procedure has upon the field 
objectives and subsequent data quality. If a prob- 
lem occurs that might jeopardize the integrity of 
the project, cause a QA objective not to be met, or 
impact data quality, the Field Supervisor will 
immediately notify the PO and the Technical 
Operations Manager if appropriate. Corrective 
action measures are then decided upon and imple- 
mented. The PO is notified if the situation 
warrants it. The Field Supervisor documents the 
situation, the field objective affected, the correc- 
tive action taken, and the results of that action. 

I 
Some factors can be easily assessed through the use 
of control chart interpretation. Control charts can 
reveal shifts, trends, biases, and conditions where 
parts of the analytical system are out-of-control. 
One or more of the data points in the control chart 
are out-of-control when: 

m One or more data points fall outside the 
control limits (3s) 

H A run of two or more data points outside the 
warning limits (22s) 

U A run of seven or more successive data points 
above x or 
below x indicating trends or shifts 

W A run of five successive data points in the same 
direction 

W A cyclical pattern or non-random pattern ap- 
pears in the control &art data 

1 The detection of one of these conditions is an 
indication that the analytical system is out-of- 
control. The out-of-control value(s) is placed on 
the control chart and circled. The QA Officer is 

11.2 LA&ORATORY 
CORRECTIVE AwlON 

1 notified and both the analyst and QAO investigate 
and determine whether the condition indicates a 

Prooedurellar for Dle3ltermlning procedure that is truly out-of-control or a possible 

and Reporting random error. The QAO shall document correc- 

Out-of=Controi Events tive actions taken (i.e. whether the sample run was 
repeated or whether the data was received and 

Out-of-Control Event: 
An out-of-control event is defined as any occur- 
rence failing to meet the QA/QC plan. 

released for reporting to the client) on the correc- 
tive action form. 

Criteria Used for Determination of an Out-of- 
Control Event: 
Factors that affect data quality (failure to meet 
calibration criteria, inadequate record keeping, 
improper storage, or preservation of samples) re- 
quire investigation and corrective actions. 

Responding to an 
Out-of=Cantml Event ’ 

Roles and Responsibilities: 
When an out-of-control event is recognized, each 
individual involved with the analysis in question 
has an interactive role and responsibility, these are 
as follows: 



l TheAnalyst: He must be able to recognize QC 
faiI?re and immediately notify the Laboratory 
Supervisor and work with the QAO to solve the 
problem. 

l TheLaboratoxySupervisor: He must review all 
analytical and QC data for reasonableness, accu- 
racy, and clerical errors; also responsible to monitor 
QC charts (in terms of control limits). In an out- 
of-control event, the laboratory manager works 
with the analyst and QAO to solve the problem 
and prevents the reporting of suspect data by 
stopping work on the analysis in question and 
ensuring that all results that are suspect are re- 
peated, if possible, after the source of the error is 
determined and remedied. 

m QA Officer: In the event an out-of-control 
situation occurs that is unnoticed at the bench or 
supervisory level (i.e., performance failure on a 
QC sample), the QAO will notify the laboratory 
manager, help identify and solve the problem 
where applicable, and ensure the work is stopped 
on the analysis and no suspect data is reported. 

Procedureas for Stopping 
AnalysM 

Whenever the analytical system is out-of-control, 
investigation/ correction efforts are initiated by all 
concerned personnel. 

If the problem is instrumental or specific only to 
preparation of that sample batch, samples pre- 
pared after the out-of-control event are processed 
after the instrument is repaired and recalibrated, 
provided holding times are not exceeded. 

If a sample batch is still out-of-control after rean- 
alysis, all method-related activities shall stop 
immediately. A detailed laboratory-wide investi- 
gation shall be conducted to isolate and correct 
faulty operations. Sample security, integrity of 
standards, reagents, glassware, laboratory note- 
books, instrument performance and adherence to 
the methods shall be included in the investigation. 

All actions shall be documented and placed in 
their respective case/contract file. 

The need for corrective action comes from several 
sources: equipment malfunction; failure of inter- 
nal QA/QC checks; failure of performance of 
system audits; and noncompliance with QA re- 
quirements. 

When measurement equipment or analytical meth- 
ods fail QA/QC, the problems will immediately be 
brought to the attention of the PO and QAO. 
Corrective measures to be taken will depend en- 
tirely on the type of analysis, the extent of the 
error, and whether the error is determinant or not. 
The corrective action to be taken is determined by 
either the Technical Operations Manager, the 
analyst, the PO or the QA officer or by all of them 
in conference. 

A corrective action can be as extensive as replacing 
a complete lot of contaminated extraction solvent, 
the reextracting and analyzing of a complete batch 
of samples due to reagent blank contamination, or 
as simple as recalculating a series of results because 
a wrong dilution factor was applied. Furthermore, 
the right corrective action must be determined on 
a case by case basis. Appendix D outlines a list of 
potential analytical problems that might be en- 
countered in the laboratory. 

If failure is due to equipment malfunction, the 
equipment will be repaired, precision and accuracy 
will be reassessed, and the analysis will be rerun. 
All attempts will be made to reanalyze all affected 
parts of the analysis so that in the end, the product 
is not affected by failure of QA requirements. 

When a result in a performance audit is unaccept- 
able, the laboratory will identify the problems and 
implement corrective actions immediately. A step- 
by-step analysis and investigation to determine the 
cause of the problem shall take place as part of the 
corrective action program. If the problem cannot 
be controlled, the laboratory will analyze what the 
impact will be on the data results. 

When a system audit reveals an unacceptable 
performance, work shall be suspended until cor- 
rective action has been implemented and 
performance hLas been proven to be acceptable. 



All corrective actions will be documented on the A follow-up review is then performed on each 
Laboratory Corrective Action Report Form. These corrective action to ensure that the response taken 
Reports are discussed weekly by the supervisors, has indeed been i.ncorporated into the laboratory 
managers, QA Officer, and Laboratory Director. operation, minimizing a reoccurrence of the prob- 

lem. 

LABORATORY CORRECTIVE ACTION 

I I 
DESCRIPTION OF EVENT 

> Date Ramgnized: .- l By: 
l Date oozud: b&: 

* Dm corrected: > By: 

b An&m. > Medmd: 

> Analvsc b Lab Manager: 

> Samples Affaxed (Lab ID): 

> Description of pzblem encountered: 

- 
* SIGNATURES: 

Analyst: - Date: 

SU&YVisO? Date: -- 

QA Officer _ DUU: 

FOLulW UP 

> Follow up InvrrrtigatiordDi~ssion: 

> SIGNATURES: 

QA Officer _ 

Ldxmtory Disectos: 

Date: 

Date: 

SOUTHWEST hBORATORY OF OKLhHOMA, hC. 
1700 W. Albany. &in! C l Broken Anw. Oklahoma, 74012 l OIL 918-2%28!i8 l Fm91&251-2599 

1 FIG. 11 .l Laboratory Corrective Action Form 1 



Remcgrdial Aotions 
Action Form is filled out by the analytical chemist 

Remedial Actions are taken when a sample has to 
and submitted to the section supervisor. The su- 

be reex-tracted due to poor surrogate recovery, 
pervisor review the problem and signs the form, 
then sends it on to the extraction lab for the 

improper level of extraction, etc. The Remedial remedial action. 

REMEDIAL ACTION RECORD 

T&l 

Inlthted by-- Project*: 

Dater- -I Client*. 

Sample ID’s,, CBM% 

DESCRIPTION OF PROBLEM (list dates): 

G MS cis DE ARTMLNT 

‘ifapplicable 

- 

- 

- 

Supervisor’s Signature 

DESCRIPTION OF ACIIONS TAKEN (list dates): 
- 

- 

- 

Supervisor’s Signature: 

Copies: Case File, 

1700 WEST Atmw l BROKEN ARROW, OK 74012 l Orrwx (918) 251-2858 l FAX (918) 251-2599 [Y.XOO1-049201] 

FIG. 11.2 Remedial Action Record I 



12.1 QUALITY ASSURANCE 
REPORTS TO MANAGEMENT 

Data from formal performance audits of the 
laboratory’s activities are reviewed directly by the 
QAO, Laboratory Director, and Laboratory Man- 
ager. . . 

Should any significant quality assurance problem 
arise, it will be internally discussed among the 
QAO, Laboratory Director, and Laboratory Man- 
ager at a weekly meeting. 
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40 CFR, Part 136, Federal Register, Volume 49, Number 209, Friday October 26,19&L 
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019, March 1979. 

Methods for OrganicChemical Analysisof Municipal andIndustrial Wastewater, USEPA, EPA-600/4- 
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December 1983. 

Q&ityAssuranceHandbookofAirPolhrtionMeasu.rementSystems, USEPA6OOB76-005,December 
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ACompendiumof Superfund Field Operations Methods, USEPA, EPA/54O/P-87/001, December 1987. 



ANALYTICAL PROTOCOLS 
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1. Standard Methods for the Examination of 8. NIOSH Manual of Analytical Methods, U.S. 
Water and Wastewater: APHA, AWWA, and Department of Health and Human Services, 
WPCG; 16th Edition, 1985, .+ 3rd Edition, February, 1984. 

2. Guidelines Establishing Test Procedures for 
the Analysis of Pollutants Under the Clean 
Water Act., USEPA. 

3. 40 CFR, Part 136, Federal Register, Volume 
49, Number 209, Friday, October 26, 1984. 

4. Methods for Chemical Analysis of Water and 
Wastes, USEPA, :EPA-600/4-79-020, March 
1979 and as amended December, 1982 (EPA- 
600/482-055) 

5. Methods for Organic Chemical Analysis of 
Municipal and Industrial Wastewater, USEPA, 
EPA-600/4-82-057,, July 1982 and as subse- 
quently amended. 

6. Pesticide Analytical Manual, Volume I, Food 
and Drug Administration, Revised Septem- 
ber, 1977. 

7. Recommended Methods of Analysis for the 
Organic Components Required for AB1803, 
State of California, 5th Edition, April 1986. 

9. Statement of Work: Multi-Media USEPA 
Contract Laboratory Program, USEPA, 1990. 

10. Statement of Work: Multi-Media High Con- 
centration, USEPA Contract Laboratory 
Program, July 1986. 

11. 500 Series Methods-Drinking Water Test 
Methods, USEPA Compendium of Methods. 

12. Compendium of Methods for the Determina- 
tion of Toxic Organic Compounds in Ambient 
Air, USEPA, EPA-600/4-84-041, April 1984. 

13. Annual Book of ASTM Standards, Water 
and Environmental Technology, ASTM, 1987, 
Volume 11.01 and 11.02 

14. Test Methods for Evaluating Solid Waste: 
Physical/Chemical Methods, USEPA SW-846, 
3rd Edition, September, 1986. 



DEFINITION AND PROCEDURE 
FOR THE DETlkERMINATlON OF 

THE METH0D DEtTYECTION 
LIMIT 

The method detection limit (MDL) is defined as 
the minimum concentration of a substance that 
can be identified, measured and reported with, 
99% confidence that the analyte concentration is 
greater than zero and determined from analysis of’ 
a sample in a given matrix containing analyte. 

Scope and Application 

This procedure is designed for applicability to a 
wide variety of sample types ranging from reagent 
(blank) water containing analyte to wastewater 
containing analyte. The MDL for an analytical 
procedure may vary as a function of sample type. 
The procedure requires a complete, specific and 
well defined analytical method. It is essential that 
all sample processing steps of the analytical method 
be included in the determination of the method 
detection limit. 

The MDL obtained by this procedure is used to 
judge the significance of a single measurement of 
a future sample. 

The MDL procedure was designed for applicabil- 
ity to a broad variety of physical and chemical 
methods. To accomplish this, the procedure was 
made device- or instrument-independent. 

Procedure 

1. Make an estimate of the detection limit using 
one of the following: 

(a) The concentration value that corresponds 
to an instrument signal/noise ratio in the 
range of 2.5 to 5. If the criteria for qualitative 
identification of the analyte is based upon 
pattern recognition techniques, the last abun- 
dant signal necessary to achieve identification 
must be considered in making the estimate. 

2. 

3. 

(b) The concentration value that corresponds 
to three times the standard deviation of rep- 
licate instrumental measurements for the 
analyte in reagent water. 

(c) The concentration value that corresponds 
to the region of the standard curve where 
there is a signiflcimt change in sensitivity at 
low analyte concentrations, i.e., a break in the 
slope of the standard curve. 

(d) The concentration value that corresponds 
to known instrumental limitations. It is rec- 
ognized that the experience of the analyst is 
important to this process. However, the ana- 
lyst must include the above considerations in 
the estimate of the detection limit. 

Prepare reagent (blank) water that is as free of 
analyte as possible. Reagent or interference 
free water is defined as a water sample in 
which analyte and interferant concentrations 
are not detected at the method detection 
limit of each analyte of interest. Interfer- 
ences are defined as systematic errors in the 
measured analytical signal of an established 
procedure caused by the presence of interfer- 
ing species (interferant). The interferant 
concentration is presupposed to be normally 
distributed in representative samples of a 
given matrix. 

(a) If the MDL is to be determined in reagent 
water (blank), prepare a laboratory standard 
(analyte in reagent water) at a concentration 
which is at least equal to or in the same 
concentration range as the estimated MDL. 
(Recommend between 1 and 5 times the esti- 
mated MDL.) Proceed to Step 4. 

(b) If the MDL is to be determined in another 
sample matrix, analyze the sample. If the 
measured level of the analyte is in the recom- 
mended range of one to five times the 
estimated MDL proceed to Step 4. 

If the measured concentration of analyte is 
less than the estimated MDL, add a known 



amount of analyte to bring the concentration 
of analyte to between one and five times the 
MDL in the case where an interference is co- 
analyzed with the analyte. 

If the measured level of analyte is greater than 
five times the estimated MDL, there are two 
options: 

(1) Obtain another sample of lower level of 
analyte in same matrix if possible. 

(2) The sample may be used as is for deter- 
mining the MDL if the analyte level does-, 
not exceed 10 times the MDL of the 
analyte in reagent water. The variance of 
the analytical method changes as the ana- 
lyte concentration increases from the 
MDL, hence the MDL determined under 
these circumstances may not truly reflect 
method variance at lower analyte concen- 
trations. 

4. (a) Take a minimum of seven aliquots of the 
sample to be used to calculate the MDL and 
process each through the entire analytical 
method. Make all computations according to 
the defined method with final results in the 
method reporting units. If blank measure- 
ments are required to calculate the measured 
level of analyte, obtain separate blank mea- 
surements for each sample aliquot analyzed. 
The average blank measurements is subtracted 
from the respective sample measurements. 

(b) It may be economically and technically 
desirable to evaluate the estimated MDL 
before proceeding with 4a. This will: (1) 
prevent repeating this entire procedure when 
the cats of analyses are high, and (2) ensure 
that the procedure is being conducted at the 
correct concentration. It is quite possible that 
an incorrect MDL can be calculated from data 
obtained at many times the real MDL even 
though the background concentration of ana- 
lyte is less than five times the calculated MDL. 
To ensure that the estimate of the MDL is a 
good estimate, it is necessary to determine 
that a lower concentration of analyte will not 
result in a significantly lower MDL. Take two 
aliquots of the sample to be used to calculate 
the MDL and process each through the entire 
method, including blank measurements as 
described above in 4a. Evaluate these data: 

(1) Ifthese measWementsithesampleis I ,.. ..,, ,_ 

in the desirable range for determining the 
MDL,takefiveadclitionalaliquotsandpro- 
teed. Use all seven measurements to 
c&ulatetheMDL 

(2) Ifth= Bntsindiate the sample is 
notinthecorrectrange,reesbm&theMDL, 
obtain new sample aain 3 and repeat either 
4a or 4b. 

5. Calculate the variance (S2) and standard de- 
viation (S) of the replicate measurement as 
follows: 

5 = (59’” 

1 
where the X1, i = 1 to n are the analytical results 
in the final method reporting units obtained from 
the n sample aliquots and 

n XI 
2 

l? 

i=l 

refers to the sum of the X values from i = 1 to n. 

6. (a) Compute the MDL as follows: 

MDL = qn-1 l-049) (S) 

where MDL = the method detection 

$I-1 l-o= 99g =the analyst’s “t” value 
appropriate or a 99% confidence level and a 
standard deviation estimate with n-l degrees 
of freedom. See Table. 

S = standard deviation of the replicate analy- 
SC%. 

(b) The 95% confidence limits for the MDL 
derived in 6a are computed according to the 
following equations derived from percentiles 
of the chi square over degrees of freedom 
distribution (Wdf) and calculated as follows: 



MD&ct, = 0.69 MDL 
MDL2,,, = 1.92 MDL 

where MDLLcL and MDLucL are the lower and 
upper 95% confidence limits respectively based on 
seven aliquots. 

7. Optional iterative procedure to verify the 
reasonableness of the estimated MDL and 
calculated MDL of subsequent MDL deter- 
minations. 

(a) If this is the initial attempt to compute 
MDL based on the ,estimated MDL in Step l,, 
take the MDL as calculated in Step 6, spike in 
the matrix at the calculated MDL and pro-’ 
teed through the procedure starting with 
Step 4. 

(b) If the current MDL determination is an 
iteration of the MDL procedure for which the 
spiking level does not permit qualitative iden- 
tification, report the MDL as that 
concentration between the current spike 
level and the previous spike level which allows 
qualitative identification. 

(c) If the current MDL determination is an 
iteration of the MDL procedure and the 
spiking level allows qualitative identification, 
use S from the previous MDL calculation to 
compute the F ratio. 

if S2A --- --_- c3.05 
512 E 

then compute the pooled standard deviation 
by the following equation: 

r 1 

S pooled = 
I 

6S2A - 6S28 ..-w-----m-wm 
I 

112 

12 

if S2ti -----_- c3.05 
s2,, 

re-spike at the last calculated MDL and 
proceSS the samples through the procedure 
starting with step 4.. 

(~1 Use the &,,ed as calculated in 7b to 
compute the final MDL according to the 
following equation: 

MDL = 2.681 (Spooled) 

where 2.681 is equal to t(,-t l-0=:99) (S). 

(d)The 95% confidence limits for MDL de- 
rived in 7c are computed according to the 
following equations derived from percentiles 
of the chi squared over degrees of freedom 
distribution. 

MDL,, = 0.72 MDL 
MDL,,, = 1.65 MDL 

where LCL and UCL are the lower and upper 95% 
confidence limits respectively based on 14 ali- 
quots. 

Reporting 

The analytical method used must be specifically 
identified by number or title and the MDL for each 
analyte expressed in the appropriate method re- 
porting units. If the analytical method permits 
options which affect the method detection limit, 
these conditions must be specified with the MDL 
value. The sample matrix used to determine the 
MDL must also be identified with MDL value. 
Report the mean analyte level with the MDL. If 
a laboratory standard or a sample that contained 
a known amount analyte was used for this determi- 
nation, report the mean recovery, and indicate if 
the MDL determination was iterated. 

If the level of the analyte in the sample matrix 
exceeds 10 times the MDL of the analyte in 
reagent water, do not report a value for the MDL. 

Reference 

Glaser, J.A., Foerst, D.L., McKee, G.C., Quave, 
S.A., and Budde, W.L., “Trace Analysis for Waste- 
waters”, Environmental Science and TechnololEy, 
151426 (1981) 



TABLE B.1 ANALYST’S 
VALUES AT THE 99 

PERCENT CONFIDENCE 
LEVEL 

Number of 
Replicates 

Degrees of Freedom 
(n-1) tr n-l l-o-991 

7 
8 
9 

10 
11 
16 
21 
26 
31 
61 

6 
7 
8 
9 

10 
15 
20 
2.5 
30 
60 

3.143 
2.998 
2.896 
2.821 
2.764 .’ 
2.602 
2528 
2.485 
2.457 
2.390 
2.326 



TABLE B.2 MmHOD DETECTION LIMIT8 

BERYLLIUM 

MAGNESIUM 
MANGANESE 
MOLYBDENUM 

POTASSIUM 



THLE B.2 METHO~D DETECTION LIMIT@ (continued) 1 I’ 

PARAMETERS 
BENZENE 
TOLUENE 
CHLOROBENZENE 
ETHYLBENZENE 
m,p-XYLENE 
0-XYLENE 

1,3-DICHLOROBENZENE 
1,4-DICHLOROBENZENE 
1,ZDICHLOROBENZENE 

CHLOROMETHANE 
VINYL CHLORIDE 
BROMOMETHANE 
CHLOROETHANE 

TRICHLORO FLUOROMETHANE 
l,l-DICHLOROETHANE 

METHYLENE CHLORIDE 
trans-1,2-DICHLOROETHENE 
l,l-DICHLOROETHANE 
cis-1,ZDICHLOROETHENE 
CHLOROFORM 
l,l,l-TRICHLOROETHANE 

CARBON TETRACHLORIDE 
1,2-DICHLOROETHANE 
TRICHLOROETHENEi 
1,2-DICHLOROPROPANE 
BROMODICHLOROMETHANE 
2CHLOROETHYL VINYL ETHER 
cis-1,3-DICHLOROPRDPENE 
trans-1,3-DICHLOROPROPENE 
TETRACHLOROETHENE 
DIBROMOCHLOROMETHANE 
CHLOROBENZENE 
BROMOFORM 
1,1,2,2-TETRACHLOROETHANE 
para-CHLOROTOLUENE 
1,3-DICHLOROBENZENE 
1,4-DICHLOROBENZENE 
1,2-DICHLOROBENZENE 

METHOD MDL 
REFERENCE WATER @&IL) SEDIMENT (no@/@) 

SW8020 ..08 .0001 
.12 .OOOl 
.07 .OOOl 
.09 .OOOl 
.08 .0001 
.06 .OOOl 
.OS .Oool 
.06 JO01 ., 
.05 .Oool 

SW8010 .13 .ooOl 
.ll .ooOl 
.23 .0002 
.15 .OOOl 
.12 .OOOl 
.05 .Oool 
.lO .Oool 
.04 .OOOl 
.05 .Oool 
.05 .Oool 
.08 .OOOl 
.07 .OOOl 
.06 .ooOl 
.04 .OOOl 
.06 .OOOl 
.04 .Oool 
.05 .OOOl 
.35 .0004 
.03 JO01 
.03 .OOOl 
.08 .OOOl 
.04 .OOOl 
.05 .OOOl 
.04 JO01 
.03 .OOOl 
-37 .0004 
.03 .Oool 
.07 .OOOl 
.04 .OOOl 



TABLE B.2 MEWOD DETECTION LIMIT& (continued) 
METHOD MDL 

PARAMETJZRS REFERENCE WATER @g/L) SEDIMENT &g/Kg) 

NDMA SW8280M 0.05 

DICHLORVOS SW8140 0.096 3.17 
MEVINFHO 0.277 9.14 
ETHOPROP 0.165 5.45 
NALED 0.106 3.50 
PHORATE 0.099 3.27 
DEMETON-S 0.227 7.49 
DIAZINON 0.397 13.10 
DISULFOTON 0.142 4.69 
METHYL PARATHOIN .I 0.014 0.46 
RONNEL 0.181 5.97 
MALATHION 0.050 1.65 
FENTHION 0.079 2.61 
CHLORPYRIFOS 0.223 7.36 
STIROPHOS 1.28 42.20 
MERPHOS 0.249 8.22 
FENSULFOTHION 2.29 75.60 
BOLSTAR 0.137 4.52 
AZINFHOS METHYL 1.16 38.30 
COUMAPHOS 1.07 35.30 

METHOD MDL 
PARAMETERS REFERENCE WATER @g/L) SEDIMENT (mg/Kg) 

ALPHA-BHC SW8080 .004 .00027 
BETA-BHC .004 .00027 
DELTA-BHC .004 .00017 
GAMMA-BHC(LINDANE) .003 .00029 
HEPTACHLOR .008 .00102 
ALDRIN .004 .00029 
HEPTACHLOR EPOXIDE .003 .00034 
ENDOSULFAN I .004 .00030 
DIELDRIN .006 .00049 
4,4-DDE .007 .00049 
ENDRIN .009 .00053 
ENDOSULFAN II .007 .00066 
4,4-DDT .009 .00052 
ENDRIN KETONE .008 .00066 
ENDRIN ALDEHYDE .009 .00046 
METHOXYCHLOR .034 .00318 
ALPHA-CHLORDANE ,004 .00031 
GAMMA-CHLORDANE ,004 .00036 
TOXAFHENE ,069 a051 
AROCHLOR-1016 ..070 a044 
AROCHLOR-1221 ..072 .0060 
AROCHLOR-1232 a.146 .0034 
AROCHLOR-1242 ..089 .005 
AROCHLOR-1248 ..067 .0028 
AROCHLOR-1254 ..038 .0048 
AROCHLOR-1260 ..096 a034 



TABLE 8.2 MISHOD DESECT~ON LIMITS kontinued) I 
I 

PARAMETERS 

ETHYLENE DIBROMIDE 

NAPHTHALENE 
ACENAPHTHYLENE 
ACENAPHTHENE 
FLUORENE 
PHENANTHRENE 
ANTHRACENE 
FLUORANTHENE 
PYRENE 
BENZO(A)ANTHRACENE 
cHRYsENE 
BENZO(b)FLUORANTHENE 
BENZO(k)FLUORANTHENE 
BENZO(a)PYRENE 
DIBENZO(a,h)ANTHRACENE 
BENZO(g,h,i)PERLYENE 
INDEN0(1,2,3xd)PYRENE 

DALAPON 
DICAMBA 
MCPP 
MCPA 
DICHLOROPROP 
2,4-D 
2,4,5-TP 
2,4,5-T 
DINOSEB 
2,4-DB 

RDX 
TNB 
TETRYL 
DNB 
TNT 
NITROBENZENE 
26DNT 
24DNT 
2NT 
4NT 
3NT 

METHOD 
REFERENCE 

J304.1 

SW8310 

. . 

SW8150 

SW8330 

MDL 

.005 

- .90 
.20 
.90 
.lO 
.04 
.Ol 
.02 
.07 
.02 
.06 
.02 
.Ol 
.Ol 
.20 
.20 
.lO 

.182 

.077 
65.900 
54.300 

.142 

.104 

.051 

.046 

.031 

.358 

- 7.55 
6.66 
5.66 
8.06 
1.63 
2.17 
2.27 
6.10 
3.81 
7.58 

14.30 
7.90 

SEDIMENT @g/Kg, 

A00 

60.30 
13.40 
60.30 
6.70 
2.68 
0.67 
1.34 
4.69 
1.34 
4.02 
1.34 
0.67 
0.67 

13.40 
13.40 
6.70 

- 2.33 
1.79 

I. 173.00 
1.034.00 

3.08 
2.43 
1.28 
1.05 
0.860 
6.37 

- 57.5 
63.1 
67.6 

436.0 
76.9 
59.3 
71.5 
52.8 
42.1 
80.3 
51.7 
17.2 



TA&LE 8.2 METHOD DETECTION LIMITiB (continued) I 

PARAMEI’ERS 

Acenaphthene 
Acenaphthylene 
Anthracene 
Benzo(A)Anthracene 
Benzo(B)Fluoranthene 
Benzo(K)Fluoranthene 
Benzo(G,H,I)Peryiene 
Benzo(A)Pyrene 
Benzyi Alcohol 
Bis(2Chloroethozy)Methan 
Bis(2Chloroethyl)ether 
Bis(2chloroisopropyl)ether 
Bis(2-EthylhezyQPhthaiate 
4-Bromophenylphenylethet 
Butylbenzylphthalate 
4Chloroanaline 
2Chloronaphthalene 
4-Chlorophenyl-Phenylethe 
Chrysene 
Dibenz(A,H)Anthracene 
Dibenzofuran 
Di-N-Butylphthalate 
1,2-Dichlorobenzene 
1,3-Dichlorobenzene 
1,4-Dichlorobenzene 
3,3’-Dichlorobenzidine 
Diethylphthalate 
Dimethylphthalate 
2,4-Dinitrotoluene 
2,6-Dinitrotoluene 
Di-N-Octylphthalate 
Fluoranthene 
Fluorene 
Hezachlorobenzene 
Hezachlorobutadiene 
Hexachlorocyciopentadiene 
Hezachloroethane 
Indeno(l,2,3CD)Pyrene 
Isophorone 
2-Methylnaphthalene 
Naphthalene 
2-Nitroaniiine 
3-Nitroaniline 
4-Nitroaniline 
Nitrobenzene 
N-Nitrosodiphenylamine 
N-Nitroso-di-n-propylamine 
Phenanthrene 

METHOD MDL 
REFERENCE WATER @g/L) SEDLMENT &g/Kg) 

SW8270 
4.22 1.39 
4.:14 1.64 
1.43 2.94 
2.89 1.68 
7.:14 3.21 

15.21 2.24 
7.76 4.72 
2.05 1.73 

._ 14.05 9.03 
3.98 2.14 
5.:14 2.24 
933 2.65 
4.71 5.10 
1.30 1.17 
2.30 2.59 

21.:14 8.58 
9.44 I..55 
2.130 I..85 
6.94 :!.29 
6.92 4.77 
3.:14 1.81 
4.02 11.94 
5.‘75 1.47 
4:71 :!.22 
4.W 2.00 

22.66 211.13 
3.!58 I..36 
6.40 O.% 
6.28 Z!.% 
3.135 :!.09 
5:78 11.33 
6.28 4.38 
1.91 1.31 
2.00 I.98 

11.43 :!.95 
0.00 3.79 
4.51 2.45 
6.:33 9.63 
2.33 il.79 
5.44 2.34 

16.:24 2.65 
8.01 6.08 
7.64 22.06 

33.47 38.70 
4.25 l.42 
2.:38 2.46 
5.124 2.88 
3.42 :1.90 



TABLE B.2 METHOD DmECTION LIM’ITS (continued) I ’ 
METHOD MVIJ 

PARAMETERS REFERENCE WATER @g/L) SEDIMENT @./IQ, 

Pyrene 
1,2,4-Trichlorobenzene 
Benzonic Acid 
4-Chloro-3-Methylphenol 
2-Chlorophenol 
2,4-Dichlorophenol 
2,4-Dimethylphenol 
4,6-Dinitro-2-Methylphenol 
2,4-Dinitrophenol 
2-Methylphenol 
4-Methylphenol 
2-Nitrophenol 
4-Nitrophenol 
Pentachlorophenol 
Phenol 
2,4,5-Trichlorophenol 
2,4,6-Trichlorophenol 
2-Fluorophenol 
2-Fluorobiphenyl 
2,4,6-Tribromophenol 
Carbazole 
Aniline 
1-Methylnaphthalene 

- SW8270 (cont.) 
4.07 2.61 

115.40 2.76 
47.61 2.88 
2.58 3.60 
2.88 1.49 
2.11 4.36 
7.35 2.31 

1.9.93 14.81 
1.5.16 29.81 
4.60 1.60 
4.60 1.87 
2.92 3.41 

:!0.05 14.91 
7.23 14.60 
6.97 3.16 
3.66 1.27 
3.77 2.35 

1.239 4.51 
4.89 2.55 

1.0.65 6.50 
2.58 3.35 
0.36 1.46 
0.54 0.43 



TABLE 8.2 MRHOD DET’ECTION LIMITS (continued) 1 1 

PARAMETERS 

Acetone 
Benzene 
Bromodichloromethane 
Bromoform 
Bromomethane 
LButanone (MEK) 
Carbon Disulfide 
Carbon Tetrachloride 
Chlorobenzene 
Chloroethane 
2Chloroethyl viny1 ether 
Chloroform 
Chloromethane 
Dibromochloromethane 
l,l-Dichloroethane 
1,2-Dichloroethane 
l,l-Dichloroethene 
cis-1,2-Dichloroethene 
trans-1,2-Dichloroethene 
1,ZDichloropropane 
cis-l&Dichloropropene 
trans-1,3-Dichloropropene 
Ethylbenzene 
Freon 113 
2-Hezanone 
Methylene Chloride 
4-Methyl-2-Pentanone (MlBK) 
Slyrene 
1,1,2,2-Tetrachloroethane 
Tetrachloroethene 
Toluene 
l,l,l-Trichloroethane 
1,1,2-Trichloroethane 
Trichloroethene 
Viny1 Acetate 
Viny1 Chloride 
o-Xylene 
M,P,Xylene 
1,3 Dichlorobenzene 
1,4 Dichlorobenzene 
1.2 Dichlorobenzene 

METHOD 
REFERENCE 

SW8240 

WATER (1.(8/L) 

3.18 
0.67 
0.57 
01.78 
1.20 
6.38 
0.59 
11.56 
0.71 
0.89 
2.95 
0.46 
1.17 
10.81 
0.64 
0.98 
0.86 
0.87 
0.67 
0.76 
0.74 
0.51 
0.75 
0.56 
1.75 
0.60 
2.25 
0.65 
2.00 
1.72 
0.91 
1.27 
1.43 
1.37 
0.92 
0.91 
0.74 
1.68 
1.65 
1.63 
1.61 

DL 
SEDIMENT l&K@ 

7.03 
0.23 
0.11 
0.59 
0.16 
2.15 
0.31 
0.24 
0.20 
0.95 

0.16 
0.41 
0.19 
0.22 
1.17 
0.17 
0.14 
0.17 
0.28 
0.31 
0.83 
0.33 
0.64 
2.34 
0.24 
1.85 
0.25 
0.73 
0.40 
0.24 
0.24 
1.24 
0.22 
2.15 
0.33 
0.29 
2.15 
0.34 
0.33 
0.37 



,,,, ..__ ,-__ 

INDUCTIVELY COUPLED GAS CHROMATOaRAPH (GC) 
AFIQON PLASMA (lCAP 

Id 
OPERATINIQIS CCBNDlTlONS 

OP~RAIING CONDETIO S 
The following are the gas chromatograph analyti- 

start up: 
cal conditions. The conditions are recommended 

1. Check that the argon tank main valve is open unless otherwise noted. 

and the pressure is set to at least 60 psi. Carrier Gas: Helium 
2. Check the plasma work coil coolant water and” (Hydrogen may be used) 

exhaust vents. Column Flow: SmUmin. 
3. Check that the drain tube is inserted into a Make-up Gas: P-S/P-10 or N, (required) 

plastic water bottle containing at least 8 inches Injector Temperature 2 200°C 
of water and drain line is below surface. Injection: On-column 

4. On the R.F. generator control panel, turn the Injection Volume: lor2pL 
forward power manual control rheostat knob Injector: Grob-type, splitless 
counter clockwise to the off position. Initial Temperature: 150°C 

5. Check that the white power lamp is illumi- Initial Hold Time: l/2 min. 
nated on the RF generator. Temperature Ramp: 5°C to 6”C/min. 

6. Turn the torch gas toggle switch on and adjust Final Temperature: 275°C 
flow meter to 18, turn the auxiliary flow on to Final Hold Time: Until after Decachloro- 
0.5 and the sample gas flow to 0.6. biphenyl has eluted 

7. Purge the torch surfaces, the capillary tube (approximately 10 minutes) 
and teh drainage tube of air for at least 3 
minutes. Optimize GC conditions for analyte separation 

8. Check that the blue R.F. off lamp on the and sensitivity. Once optimized, the same GC 
generator is illuminated. conditions must be used for the analysis of all 

9. Turn the Automatic Power Control switch to standards, samples, blanks, and MS/MSD’s. 
the manual position. 

10. Press the red R.F. on button. GC/MS SEEMIVOLATILE 
11. Turn the sample gas flow toggle switch to OFF OPERATING CONDITIONS 

position. 
12. To ignite, slowly turn the forward power 

The following instrumental parameters are required 
for all performance tests and for all sample analyses: 

manual control rheostat knob clockwise until Electron Energy: . . . . . . . . . . . . . . 70 volts (nominal) 
the forward power meter reads 0.5 KW. 

13. Press the ignitor button on the front panel of 
Mass Range: . . . . . . . . . . . . . . . . . . . . . . 35 to SO0 amu 
Scan Time 1 second per scan 

the generator. You should see a faint fila- 
. . . . . . . . . . . . . . . . . . . . . . . . . . . 

Initial Column 
mentary plasma swirling in the outer tube of Temperature Hold: . . . . ..40°C for 1 minute 
the torch. Gradually increase the forward Column Temperature 
power until the plasma ignites. 

14. Once the plasma is lit, rotate the forward 
Program- . . . . . . . . . . . . . . . . . . . . . . . . . . . 40.300°C at 8Oimin. 

Final Column 
power rheostat knob until the forward power Temperature Hold: . . . . ..300”C for 5 minutes 
meter reading is 1.0 - 1.1 KW. 

15. Turn the automatic power control switch to 
Injector Temperature: . . . . . . 280°C 
Transfer Line 

the automatic position. Temperature: 
16. Introduce the rinse solution into the plasma 

. . . . . . . . . . . . . . . . 380°C 

by slowly turning on. toggle switch. 
Source Temperature: . . . . . . . According to manu- 

facturer’s specifications 
17. Turn off auxiliary flow toggle switch. Injector- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Grob-type, splitless 

Sample Volume: . . . . . . . . . . -..-. 2 PL 



Column conditions: DB-624, 75m, 0.53mm ID 
Film Thickness: 

,, 
3um 

I VOLATIIA CSCJMS OPERATING 
caNDma#s 

These performance tests require the following 
instrumental parameters: 
Electron Energy: 70 Volts (nominal) 
Mass Range: 35-300 
Scan Tiie: to give at least 5 scans per 

peak, not to exceed one 
second per scan. 

Flow Rate: 30 mUmin. (glass jets) 
lo-15mL miL (mibojkts) 

Column Temperature: Isothermal at 45°C for 5 
min., then progknmed at 
5Wmin. to 105°C. 
Further programmed at 
1OQmin. to 180°C 

Adjust the pu.rge gas (helium) flow rate to 35 2 3 
m4min. 

TABLE 1. 
Instrument Operating parameters and Standard 

CoIndCtionlee for Metaller Analyzed by Graphfte Furnace 
Atomic AbrPorptlon Spectrophotametry 

HCL EDL 
Lamp Lamp 

current Watts 

ow (4 

I 
I I 

Wave 

L-k@ 
(mn) 

Slit 
Opening 

(mm) 

Furnace Conditions 
Dry %I/ Char %I/ Atomiz ‘%Y 
Seconds Seconds Sec.(ppm) 

110122 

110/22 

110/22 

110122 
I ’ 

Gas Setting 
Time&ate 

Ar(Normali3 sec./20 

Ar(NormaV3 secJ20) 

Ar(NormaU3 sec./ZO) 

Ar(NormaV3 sec./20) 

Element 

ArSelliC 

Selenium 

Thallium 

193.7 

283.3 

196.0 

276.8 

4(1.0) 

4 (1.0) 

- 

4 (1.0) 
--- 

- 6.5 

10 - 

- 6.5 

20 - 

l- 

Iuiectioo Linear 
working 

WMwb: 
-I__ 

4-300 

Sensitivity VhiUWU 

mbl Scale 

0.0044 Abs lxpansion 

5 5 

w 

Volume 

(ul) 

20 

Additional 
Elements 

02 Correction 
Ni (NO,), mrutr 

02 Correction 

Element ) 

Arsenic 

Selenium 

Thallium 

O* Correction 
Ni (NO,), mvh 

02 Correction 



LABORATORY AND 
SAMPLE SECURITY 

Samples received at SWLO are considered to be 
physical evidence and are handled according to 
procedural safeguards established by the EPA. 
Because of the legal nature of the work, the-, 
laboratory provides complete security for samples, 
analysis and data. 

To assure complete security for samples and ana- 
lytical procedures during sample analyses, the 
following steps are taken: 

n Sensitive Materials Containment Laboratory/ 
Process and Instrument Laboratories be locked at 
all times except when in actual use. 

n Analytical sample should always be in the 
custody of an individual technician assigned to do 
the task. 

The following security measures are employed: 

n Doors to the laboratory are closed and secured 
at all times. 

n Only authorized personnel and visitors under 
escort shall have access to the chemistry lab. 

n All laboratory personnel should be aware of 
the need to question and determine legitimacy of 
a stranger’s presence in the laboratory. 

n Deliveries are to be escorted to the laboratory 
from the main reception area or from the receiving 
area. 

TRACEABILlTYOFSTANDAFtDS 

All inorganic and org,anic analytical standards 
utilized for instrument/methodological calibra- 
tion and preparation of quality control samples 
shall be traceable to standard reference materials. 
Primary standards must be obtained from reliable 
certifiable source and be of the highest possible 
purity. Standards are purchased from approved 
commercial vendors such as Chem Services, Inc., 
Fisher Scientific, Supelco, etc., for the use in all 

laboratory analyses. Commercial standards pre- 
pared are verified against certified standard 
reference materials (SRM). Within the USEPA, 
the three sources of SRM that will be considered 
acceptable for traceability are: 

a. Quality Assurance Materials Bank 
(QMB) 

b. Pesticides and Industrial Chemical 
Repository 

c. Toxicand HazardousMaterialsRepository 

Whenever possible, SRM received from one of the 
three EPA repositories will be utilized directly for 
generation of control samples and analytical stan- 
dards. However, if such reference materials are 
unavailable for routine use, standards will be 
definitively traceable to such reference materials. 

For inorganic analytes, calibration standards and 
control samples shall be tracedble to a standard 
reference material supplied by the National Bu- 
reau of Standards (NBS) or the USEPA’s Toxic 
and Hazardous Materials Repository. 

All standards must be stored under conditions and 
in containers that provide the greatest protection 
against deterioration and/or contamination. 

Stock and working standards solutions must be 
made fresh as often as required by their stability 
and must be checked regularly for signs of deterio- 
ration (i.e., discoloration, formation of precipitates 
and changes in concentration). Standard solutions 
are properly labeled as to compound name, con- 
centration, solvent, date and preparer. 

(See Criteria and Guidelines of Analytical Stan- 
dards and QC Samples for the Evaluation of 
Traceability.) 

DEPelNl’lIONS: 
1. Primary Compound - .A liquid or solid 

compoundinapureformobtainedfroman 



approved commercial distributor. (It 
could have.a certain % purity that can be 
used to correct standard concentration.) 

2. Stock Standard - Standard prepared/or 
obtained directly from the primary 
compound (i.e., liquid or solid) at a high 
concentration. (Most commercially- 
prepared standards are convenient to be 
used as stock solutions.) 

3. WoFkingStarrdur&-Standardsusedinthe 
calibration and quantitation of the 
compounds of interest. 

Expiiratlon or 
Holding Tlm’e Criteria: 

All standards obtained/or purchased from ap- 
proved commercial vendors such as Chem Services, 
Inc., Fisher, Supelco, etc., as well as standard 
reference materials procured from EPA or NBS 
are dated upon receipt. Date of expiration is also 
noted and if not available will be obtained from 
the supplier or manufacturer; if no information is 
available from the supplier, the lab holding time or 
shelf-life for the materials obtained shall be half 
the normal shelf-life (i.e., assuming 1 year for most 
compounds, then it would be 6 months shelf-life). 

Standards prepared as stock/or working standards 
are properly labeled as to name of compound 
mixture, concentration, solvent/medium, date and 
preparer. 

Laboratory control sample (LCS) or an indepen- 
dent check standard available from EPA or NBS or 
standard reference materials (SRM) are used to 
monitor standard degradation. Check results of 
the LCS or the check standard are checked against 
the given target range values (i.e., it should be 
within the 95% confidence limits of the given 
values). 

All working standards prepared from stock solu- 
tion commercially obtained or prepare’d in-house 
must be checked against LCS or NBS or any 
certified reference material. Check results must be 
within the target range values (i.e., 95% coti- 
dence limits of the given values) of the LCS, NBS, 
or SRM or within 95% confidence limits of the 
true value of the check standard as determined 
from replicate analyses (assuming normal instru- 
ment sensitivity} previously determined. (See 

Criteria and Guidelines for the Preparation of 
Analytical Standards and Quality Samples.) 

All standards used in the laboratory will have the 
following expiration or holding time criteria: 

INORQAIWIC: 

a. Stock StandardsBpiration date of 
axnmexiallyobtainedstandstandardsisch~ed 
weeklytoidentifyandpurgeoutdatedstock 
solutions 

b. WorkingStandard&andardsarepreparcd 
at the following frequency depending on 
stanclardconcentration: 

1. l-5 ppm: remake every three weeks 

2. 0.1-l ppm: remake everytwoweelcs 

3. lessthanO.l ppm:remakeeveryweek 

Note: Thesestandardscanbeprepared 
following the frequency stated above 
or sooner if comparison with a check 
standard indicates a problem. All 
working standards are evaluated by a 
checkstamiardorLCSonadailybasis. 

OF?aMlIC: 

a. Forliquidorsolidstockstandard: 

Maximumholdingtirneof1yearfromdateofreceipt 
if no expiration date is indicated by the 
man-. 

b. For commercially obtained prepared stock 
Stan* 

Prepare or obtain once a month or sooner if 
comparison with a check standard of LCS 
indicatesaproblem. (Thiswould be based from 
the check: results of the working standards 
prepared from this stock against the LCS or 
checkstandard.) 

c. Forworkingstandardx 

Prepare fresh weekly or sooner if compari- 
son with a check standard or LCS indicates 
a problem. (This would be based from the 
check results of the working standards 
prepared from this stock against the LCS 
or ch,eck standard.) 



CRITERIA AND GUIDELINES 
FOR THE PREPARATION OF 

ANALYTICAL STANDARDS AND 

All standards obtained or purchased from ap- 
proved commercial vendors shall be evaluated for 
traceability using standard reference materials 
(SRM) obtained from NBS and/or EPA reference 
materials. 

A -FORT 

TraceabilitytocertifiedSRMshallbeperformed 
through statistical evaluation of the control 
sample or analytical standard relative to NBS. 
and/or EPAreferencematerial. 

Criteriaset for traceability shall be as follows: 

1. The new standard solution/calibration 
standardis considered to be acceptable for 
sample quantification if the RPD (relative 
percent difference) isless than or equal to 
10%. 

The general procedure used for this 
evaluation involves: 

a Triplicate analysisofthecertifiedSRM. 

b. Triplicate analysisof thenewlyprepared 
analytical standard or spiking solution 
within the same time frame. 

c. Mean and standard deviation statistics 
are calculated on each set of triplicate 
analyses. 

d. Relative StandardDeviation (RSD) of 
lessthan lO%mustbeobtainedoneach 
set of triplicate analyses for 
acceptability. 

e. Thetwosetsofdata(i.e.,newlyprepared 
standard or calibration standard 
solution) is then compared with the 
SRMtodetermineacceptabilityusing 
criteriamentioned. 

fU’D= Mean SRM value - Mean proposed standard value 
average of the Mean value 

2. IfSRMarenotavailable,laboratorycontrol 
samples (LCS) obtained from EPAshall be 
used for traceability. Working standards 
prepared from the stock solution (i.e., newly 
prepared standard) are used as calibration 
standardsforthe yuantificationoftheLCS. 

Check results must be within the target 
range values (i.e., 95% confidence limits 
of true values) provided with the LCS. 

3. If SRM and EPA LCS are not available, 
checkresultsofthenewlypreparedstandard 
mustbewithin95%contldencelimitsofthe 
historical values obtained from replicate 
analysisofthesamestandardconcentration 
previously determined (assuming normal 
instrument sensitivity). 

B. GUIDBLINBS 

The laboratory has established guidelines for 
the preparation of analytical standardsused as 
spikingsolutionsand/orcalibrationstandards 
which are as follows: 

1. Laboratory technicians experienced in 
calibration and use of analytical 
measurement tools are assigned to do 
standardpreparationtasks. 

2. Analytical reagent grade materials, in 
solution or neat form, are utilized in the 
preparation of analytical/control sample 
standards.Wheneverpossible,guaranteed 
assay materials with supporting 
chromatograms are re.quested from the 
manufacturers. 

3. Solventsused for dilution of standards are 
checked for background contamination. 
Contamination for dilution solvents is 
required in all phases of standard 
preparation. (See Solvent Check SOP) 

4. Analyticalmeasuringtoolssuchasbalance, 
volumetric glasswares,, syringe, etc., are 
calibratedtoobtainaccuratemeasurements. 
(See Laboratory Equipment SOP) 

5. Alldatagenerated(i.e.,weightsofstandard 
used, volume aliquot taken, lot number, 
solvent used, date of preparation, 
concentration of the solution, etc.) are 
documented immediately in a standard 
preparationlogbook. 

6. Asequential standardlognumber (SL#) is 
assigned to the newly prepared standard 
solution. This standard identification code 
must be noted in the standard log, on all 
chromatograms generated from the 
instrument analysis of the solution for 
traceability evaluation, and on any storage 
useswhich are used to contain the original 



solution or any aliquots of the solution 
P=F=d ‘. 

7. Standardsareanalyzedpriortouseforany 
analyticalmeasurementbyuseofdetection 
(i.e., GCdetectors-FID, EC, and GUMS) 
systemitwasintendedfor. 

8. Astandardof the same material obtained 
fromNBSorEPAisusedasqualitycontro1 
tmceabilityreferencestandard.(SeeCriteria) 

9. Both the new standard solution and the 
referencestatxkdareanalyzedonthesame 
instrumentandwithinthesametimeframe 
to maximize analytical precision. .s 

10. The new standard solution is quantified 
againsttherefemncestandardasanunknown 
todetermineits acceptability. 

11. Once the standard solution has passed 
QC evaluation for traceability, it is 
aliquoted appropriately, flame sealed and 
stored at -4°C to maintain its integrity 
until required. 



LIST OF EPA AND NBS REEFIRENCE ST’Ja,WDARDS 

PARAMETERS REFERENCESTANDARD 

lnorganios 

TraceMetals . . . . . . . . . . . . . . . . . . . . . . . EPA: . . . . . . . . . . . . . ICAPQC 
Water Pollution QC 
Water Supply QC 

. . . . . . . . . . . . . . . . . . . ..a............ NBS: . . :‘. . . . . . . . . . SRM “3100” Series 
Spectrometric Solutions; 
SRM 1646 Estuarine Sediment 
SRM 1577a Bovine Liver 

Organios 
Total Inorganic/ 
Organic Carbon . . . . . . . . . . . . . . . . . . . . NBS: . . . . . . . . . . . . . SRM 191a, 192a, 84j 

Volatile Organics . . . . . . . . . . . . . . . . . . . EPA: . . . . . . . . . . . . . Water Pollution QC 
Water Supply VOC I, II, IV,V, VI 82 VII 
Water Supply Trihalomethanes 

BaselNeutraisiAcids . . . . . . . . . . . . . . . . . EPA: . . . . . . . . . . . . . Water Pollution QC GC/MS Acids 
Water Pollution QC GC/MS Base 
Neutral I, II, III 

Pesticides . . . . . . . . . . . . . . . . . . . . . . . . . EPA: . . . . . . . . . . . . . Water Pollution QC GC/MS 
Pesticide I 
Water Pollution 
Chlorinated WC Pesticide I,II, III 
Water Supply Chlorinated HC 
Pesticide I, II 

PCBs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . EPA: . . . . . . . . . . . . . Water Pollution QC 
PCB 1016,1260,1248, 1254 

EP Toxicity . . . . . . . . . . . . . . . . . . . . . . . . EPA: . . . . . . . . . . . . . Water Pollution QC EP 
Extracts for Pesticides and Herbicides 

Herbicides . . . . . . . . . . . . . . . . . . . . . . . . . EPA: . . . . . . . . . . . . . Water Supply QC 

NOTE: Analytical reference standards for most organic parameters are obtained from EPA Quality 
.Assurance Materials Bank, Pesticides and Industrial Chemical Repository and Toxic and Hazardous 
Materials Repository. 



PRBEPARATION AND QA/QC 

LAStlRkfOF?Y WATER SUPPLY 

The quality control of water used as reagent water 
or laboratory water involves consideration and 
control of the many variables that affect the pro- 
duction of reliable data. It should be free from 
interferences and other contaminants. Failure to 
prepare water properly and to use water suitably 
may account for the poor performance of some 
analytical methods. 

The laboratory employs a high-purity ion-exchange’ 
system through the use of Millipore system that 
produces an ASTM Type II grade water. It consists 
of disposable cartridges for pre-filtration, organic 
absorption, deionization and Millipore filtration. 
The MilliQ water generated is checked for total 
dissolved solids not to exceed 0.1 mg/L. A new 
deionizing and filtration cartridge will be installed 
if purity falls below 12 megohms/cm. 

The following preparation of laboratory water is 
employed for the different analyses done in the 
laboratory: 

1. Fortracemetalsandothergeneralchemistry 
IUKil~S 

Deionized water generated by the ion-exchange 
system is used for trace, elements and other inor- 
ganic work. 

The presence of inorganic analytes is checked 
when the prepared reagent water is analyzed as 
reagent blank and/or calibration blank. For cali- 
bration blank analysis, any analyte concentration 
found should be less than the method detection 
limit (MDL) or required contract detection limit 
(CRDL). For preparation of blank analysis, if any 
analyte concentration in the blank is above the 
MDL or CRDL, the lowest concentration of that 
analyte in the associated samples must be 10X the 
blank concentration. 

2. Forvolatile analysis 

Reagent water is prepared by filtering deionized 
water through a carbon filter. 

The presence of organic: volatiles is chedked when 
the prepared reagent water is run as a method 
blank and/or system blank. When organic volatiles 
found (i.e., common laboratory solvents - methyl- 
ene chloride, acetone and toluene), it should be 

<5x detection limit and no analytes in the Hazard- I 
ous Substances List detected. 

3. For organic extracti0n.s 

Reagent water used for sample preparations as 
well as method blanks is preextracted bottled wa- 
ter or ASTM Type II water. The water is preextracted 
with a solvent of choice, i.e., depending on the 
method of extraction to be used,, Most of the time 
the solvent used is methylene chloride or hexane 
(nanograde). The water is then used for method 
blank preparation as well as sample preparation 
for a given extraction method. 

The presence of organic semivolatiles/pesticides is 
checked when the prepared reagent water is ana- 
lyzed as a method blank. When organic 
semivolatiles/pesticides are found (i.e., common 
phthalate esters), there should be <5x detection 
limit and no anaiytes in the Hazardous Substances 
List detected. 

To determine whether organic impurities are 
present in the bottled water, the solvent used for 
the pre-extraction is then concentrated to a suit- 
able volume (-0.5 mL) and analyzed by 
chromatographic techniques, GC-FID or GC-ECD 
for the presence of organic contaminants. If peaks 
present in the GC-FID chromatogram are greater 
than 10% full scale deflection (FSD), the polished 
water is again re-extracted with the solvent of 
choice and reanalyzed for organic impurities. 

NOTE: All calibration blank, system blank, prepa- 
ration or method blank data are to be kept together 
with the associated samples analyzed. 

STANDARDOPERATING 
PROCPlEDURE 

SOLVENTS,ANDGASES - 

A. Scope 

Chemical reagents aside from the primary stan- 
dard reagents, solvents, and gases are carefully 
selected to conform to specifications defined in 
the method of analyses. Selection is based on the 
required priority for parameters being measured, 
sensitivity of the method, and specificity of the 
detection system (i.e., AA, ICAP, GC-ECD, GC/ 
MS). 

- 



B. Reagents filters, and drying tubes are required on combus- 

Laboratory reagents obtained from approved com- 
tion gases to .improve quality. Gas cylinders are 

mercial vendors shall meet ACS standards and are 
immediately replaced when the pressure falls to 

labeled indicating contents, date of receipt or 
100-200 pounds per square inch (psi) to minimize 

preparation, and expiration. Hazardous reagents 
detector conta.mination that will affect sensitivity 
of the detector. 

are adequately labeled and stored segregated from 
the rest of the reagents to indicate type and degree 
of hazard. STANDARDCPERATlN6 

PROCEDUREFORQLASSWARE 
C. Solvents ANDIABV~~Cl~1NC 

Solvent quality is also routinely monitored and To ensure the integrity of the samples, steps must 
checked for contamination prior to use by concen- be taken to minimize contamination from the 
tration (volume reduction) and GC analysis. All’ containers the are stored in and through the 
solvents are distilled-in-glass reagents which are glasswares or labwares used during sample analysis. 
purchased in large single lots (20-100 cases) and If the anaiyte(s) to be determined is organic in 
stored to enhance consistency. Solvent quality is nature, the container is preferably made of glass. 
checked each time a new lot is purchased and prior If the analyte(s) is inorganic, then the container 
to use on all significant contracts. The following should be plastic or polyethylene. 
procedure is routinely employed to assess solvent 
quality: When both organic and inorganic substances are 

1. A suitable volume of solvent (500mL) is 
to be analyzed., the following procedures should be 

accuratelymeasuredandplacedina5OOmL 
taken when cleaning glassware or labwares that are 

KD flask with a 4mL receiver. 
to be used for sample analysis: 

2. The solvent is reduced in volume using A. Metals An:alysis Labware Washing Procedures 

standard KD concentration techniques to a 1. Wear safety glasses ;and polyethylene 
final volume which will produce a @ oves. 
concentration factor of lOOx(2OOuL) for a 
500mLinitialvolume. 

2. Rinse with tap water to remove sample 
residue or reagents. 

3. The concentrated solvent is then analyzed 
by both GUECD and GC/FID to evaluate 

3. Wash. with warm tap water and prepared 

thedegree of contamination. 
“Microsoap”. 

4. Any solvent producing extraneous peaks 
4. Rinse with tapwater followedbydeionized 

subjecttointerferencewithcomponentsof 
water., 

interest is discarded and replaced with 5. Soak labware in 3N HNO,. (Be sure to 
solvent of adequate quality. thoroughly wet the entire inside.) 

5. Solventcheckchromatogramsofthesolvent 6. Rinse: with tap water. 
lot number are kept in a file by the QA 7. 
Officerfordocumentation. 

Soaklabware in (deionized) water. 

8. 
6. Each lot of solvent is recorded in a solvent 

Allow labware to dry, covered with lab 

checklogbook alongwith the date received, 
wipers at ambient laboratory temperature. 

date of concentr,ation, the analyst, and the 9. Store each labware in polyethylene bags 

resultsof the check (whetherornot the lot and pIlace in assigned storage area. 

has been approved. NOTE: If a labware has beenin storage 

D. Gases 
foratl.east2we&s,thefollowingprocedures 
are taken before usagle: 

Gases used in inorganic and organic analyses are of a. R.inse labware in 13N HNO,. 
commercial grade or are laboratory supplied gases. b. 
For organic analyses, the type of detection (i.e., 

Rinse at least twicle with (deionized) 
water. 

GCYECD, Hall, GC/FID, GC/MS) used affects gas 
quality requirement. Molecular sieves, carrier-gas c. R.epeat the above steps 8-9. 

, 



The following procedure is utilized for prepara- 1 

Rinse 1-2xwithacetoneormethanoltohelp 
remove residue. 

B. Bottles for Hg Analysis: Cloning Procedures. 

1. Rinse with tap water. tion of volumetric glassware: 

2. Wash with prepared “Microsoap” and 1. 

warm tap water. 

3. Rinse with tap water. 2. 

4. Rinse with 20% SnCl, solution (made in 
4N HCl). 3 . . 

5. Rinsewith tapwaterfollowedby deionized 
water. 4. 

6. Soakin3NHN03. 

Thoroughly wash in DI water and 
Alconox to remove particulate matter 
and gross contamination. 

Rinse extensively with DI water. 

Submerge in concentrated “Nochromic”/ 
sulfuric acid bath for 2-4 hours and then 
rinse Sxwith DIwater (optional). 

Rinse 2xwith acetone or methanol. 

Oven drying. 

Cap) with aluminum foil. 

Rinse 3x with solvent of choice before 
using. 

7. Rinsewithdeionizedwater. _* 

8. Soakin (deionized) water for. 

9. Rinsewith(deionized)wateraftersoaking. 

10. Allowbottlestodrycoveredwithlabwipers. 

11. Futcapsonbottlesandplaceinpolyethylene 
bags for storage in assigned areas. 

NOTE: 3N HNO, soaking solution 
should be changed once a month. 

5. 

6. 

7. 

8. 

D. Segregation of Potentially Contaminated 
Glassware 

C. Organic Analysis Glassware Preparation 

Although procedures for glassware vary somewhat 
according to the type of apparatus involved, the 
protocol for most apparatus involves thorough 
washing, solvent rinsing and high temperature 
oxidation. This procedure has been proven ex- 
tremely effective for elimination of contamination 
in trace level organic analyses. The glassware prepa- 
ration procedure for non-volumetric glassware is 
as follows: 

When a sample is suspected of containing a high 
contaminant level, disposable glassware will be 
used as much as possible and discarded after use. 
Any non-disposable glassware that is used will be 
washed and prepared separately using the SOP for 
glassware preparation. 

1. EXinsel-2xwithacetoneormethanoltohelp 
remove residue. 

2. Thoroughly wash in deionized water (DI) 
and detergent (Alconox) to remove 
part.iculatematterandgrosscontami.nation. 

3. Rinse extensively with DI water. 

4. Air dry. 

5. Cover open ends and exposed portion of 
ground glass joints with aluminum foil 
and place in kiln at 200° C for 2 hours. 

Glassware suspected of gross contamination will 
be rinsed with methylene chloride three times, the 
rinsate concentrated to a final volume of 0.5 mL, 
and analyzed by chromatographic techniques to 
check for residual contamination. Glassware checks 
exhibiting de:tectable peaks wi.11 be discarded. 

The term “significant figure” is used, sometimes 
rather loosely, to describe a judgment of the 
reportable digits in a result. When the judgment is 
not soundly based, meaningful digits are reported. 
On the other hand, proper use of significant 
figures gives an indication of i:he reliability of the 
analytical method used. 

SI6NIFB4M-FIGURES * 

- 

* From “Handbook for Analytical Quality Control in Water and Wastewater Laboratories”*be done 
within the limits of the given laboratory operations to improve these values. If more significant figures 
are needed, a further improvement in method or selection of another method will be required. 

Once the number of significant figures obtainable from a type of analysis is established, data resulting 
from such analyses are reduced according to set rules for r0undin.g off. 



The following discussion describes the process of 
retention of significant figures. 

A number is an expression of quantity. A figure or 
digit is any of the characters 0, 1,2,3,4,5,6,7,8, 
9, which, alone or in combination, serve to express 
a number. A significant figure is a digit that 
denotes the amount of the quantity in the particu- 
lar decimal place in which it stands. Reported 
analytical values should contain only significant 
figures. A value is made up of significant figures 
when it contains all digits known to be true and 
one last digit in doubt. For example, if a vaiue is 
reported as 18.8 mg/I, the 18 must be firm while then 
0.8 is somewhat uncertain, but presumably better, 
than one of the values 0.7 or 0.9 would be. 

The number zero may or may not be a significant 
figure depending on the situation. 

Final zeros after a decimal point are always meant 
to be significant figures. For example, to the 
nearest milligram, 9.8 g is reported as 9.800 g. 

Zeros before a decimal point with nonzero digits 
preceding them are significant. With no preceding 
nouzero digit, a zero before the decimal point is 
not significant. 

If there are no nonzero digits preceding a decimal 
point, the zeros after the decimal point but pre- 
ceding other nonzero digits are not significant. 
These zeros only indicate the position of the 
decimal point. 

Final zeros in a whole number may or may not be 
significant. In a conductivity measurement of 1,000 
umho/cm, there is no implication by convention 
that the conductivity is 1,000 ZL 1 umho. Rather, 
the zeros only indicate the magnitude of the 
number. 

A good measure of the significance of one or more 
zeros interspersed in a number is to determine 
whether the zeros can be dropped by expressing 
the number in exponential form. If they can, the 
zeros may not be significant. For example, no zeros 
can be dropped when expressing a weight of 100.08 
g in exponential form; therefore the zeros are 
significant. However, a weight of 0.0008 g can be 
expressed in exponential form as 8 x lOA g so the 
zeros are not significant. Significant figures reflect 
the limits in accuracy of the particular method of 
analysis. It must be decided whether the number of 

significant digits obtained for resulting values is 
sufficient for interpretation purposes. If not, there 
is little that can 

Rounding Off Numberk 

Rounding off of numbers is a necessary operation 
in all analytical areas. It is autom.atically applied by 
the limits of measurement of every instrument and 
all glassware. However, when it is applied in chemi- 
cal calculations incorrectly or prematurely, it can 
adversely affect the final results. Rounding off 
should be applied only as described in the follow- 
ing sections. 

RoundIng4lY9ules 

If the figure following those to be retained is less 
than 5, the figure is dropped, and the retained 
figures are kept unchanged. As a.n example, 11.443 
is rounded off to 11.44. 

If the figure following those !to be retained is 
greater than 5, the figure is dropped, and the last 
retained figure is rai,sed by 1. As an example, 
11.446 is rounded off to 11.45. 

If the figure following those to be retained is 5, and 
if there are no figures other than zeros beyond 5, 
the figure 5 is dropped, and the last-place figure 
retained is increased by one if it is an odd number 
or it is kept unchanged if an even number. As an 
example, 11.435 is rounded off to 11.44, while 
11.425 is rounded off to 11.42. 

Summaqf 

Analytical balances of various capacities and op- 
erational mode are calibrated annually by a licensed 
specialist and officially recorded as verification of 
performance. 

Stickers documenting the calib:ration are placed 
on the balance noting the calibration date as well 
as the date of the next calibration. Certificates of 
calibration are maintained in the QA/QC depart- 
ment. 



A. Electronic toploaders, (example, Ohaus 
GT400) 

1. 

2. 

3. 

Allow a warm up time of 30 to 60 minutes 
after plugging in the balance. 

Center bubble level indicator of top 
loader using the I.eveling screws. 

Using kimwipe and/or balance brush, 
remove any particulates from balance 
pan. 

4. 

5. 

Turn power switch to “l/; the toploader 
will run through an “auto check”. 

A small green circle “0” appears in the 
bottom left comer if the system checks 
out. 

6. 

7. 

Press tare once. The display will read 
0.008;. 

Calibration 

a. Calibrate using weights which span 
the anticipated weighing episode. 

b. Place calibration weight in center of 
pan using forceps (never touch 
weights with fingers). 

c. Read and record reading from 
balance. 

d. Repeat steps “a” and “b” using a 
second weight. 

e. Document all readings in the daily 
calibration log. 

8. 

NOTE: Reading is stable when “&’ 
appears in the display. 

f. Note control limits recorded in the 
balance log. Should the weights be 
outside the control limits, stop the 
calibration and notify your 
supervisor or QA Officer. 

Top loader is now ready to use. 

Balances are checked with known calibration 
weights before using. If the values of the calibra- 
tion are not within limits, the balance will be 
calibrated per manufacturers instructions. Two 
examples are provided 

The following is a list of check weights used to 
verify accuracy. 

a. Keep pan as clean as possible. 
b. To tare: 

After reading is stable, press tare I ,’ 
and display will read all zeros. 

B. Electronic Analytical Balance, OHAUS 
ModelAS120(referenceOHAUSQperating 
Manual for further detail). 

1. If balance has been unplugged, allow 60 
minute,s for warm-up. 

2. Check and center bublble level using 
leveling screws. 3. B,riefly press ON/ 
TARE to tare blalance; first 
8.8.8.8.8.8.8.8. then 0.0000 will appear. 

4. Holding down control bar, allow 
instrument to display program setting. 
a. Settings for Stringflow are: 

w 160 
Int. 2 
A%l 2 

Any variation should be noted and 
balance reprogrammed to the 
above settings. 

5. Calibration of Balance: 

a. Calibrate using weights which span 
the specified capacity of balance 

b. Remove all objects from pan and 
close doors, 

c. Hold down ON/TARE until CAL 
appears. 

d. Release ON/TARE; SPAN will 
appear 

(1) Press OFF MODE and display 
will show LIN. 

(2) Press ON/TARE to start the lin- 
earity calibration procedure. 
When ON/TARE is released, C 8 
gwill be displayed, indicating that 
no weight should be in the pan. 

(3) Press ON/TARE. The display will 
show -C- followed by the value of 
the weight which must be placed 
on the pan. 

(4) Place required weight in pan. 



,. 

(5) Press ON/TARE. The display will 
show -C- momentarily, then C 
followed by the next weight to be 
placed on the pan. Do not disturb 
balance when -C- is displayed. 

(6) Place required weight on the pan, 
then press ON/TARE. The dis- 
piaywiii show -C-while the balance 
recalibrates. When the weight on 
the pan is displayed along with 
the current indicator, the balance 
is recalibrated. 

measurements. 

g. Allow time for stabilizationof reading, 
try to maintain same time frame for 
each sample and buffer. 

h. Caliirateunit. 

2. Probe (care: 

a. Check and, as needed, add filling 
solution. 

b. Blot dry only; never wipe. 

c. Store electrode in holding solution 
when not in use. 

(7) Repeatedly press OFF mode un-” B 
til END is displayed. 

CaIibraticrn 
: 

(8) Press ON/TARE. When released, 1. 2-buffer standardizatilon with manual 

the balance will return to normal temperaturecompensation:Thisstepshould 

weighing opterations. be done prior to sample analysis, once per 
day. 

6. Taring a. 
a. Place container on pan. 

Engage “standby”push button (if not 
on). 

b. Press control bar once to tare, all 
zeros will appear. Balance is now 
ready for weighing. 

b. With laboratory thermometer, take 
temperature reading of buffer (pH-7). 

c. Adjust “temperature degree C” control 
to,temperatureofbuffersolution. 

Maintenance for the balances is documented with d. Place electrode in buffer (pH-7). 
a sticker on the balance dating the service and the e. 
next service due date. 

Engage “PI-I” push button and place 
“sl.ope” control in the off position. 

STANDARD OPERATING 
f. Disengage “standby push button. 

PROCI!DURLS FOR PH MmER g. Adjust zero controls until digital display 

(ORION 720) readsvalue of 7.000. 

A. Preliminary Operation 
h. Engage “standby” push button. 

1. General 
i. Rinse and place electrode in second 

standard buffer. (This must bracket 
a. Allow instrument sufficient time to sample pH value and may not exceed 

warmupafterturningiton(minimum 23 pH units in range). 
15 minutes). j. Note control limits recorded in the 

b. Ensurethatalleiectrodeconnectorsare balance log. Should the weights be 
securely fastened. outside the: control limits, stop the 

c. Place instrument on “standby” when 
calibration and notify the supervisor 

not in use. 
or QA Officer. 

d. Allow samples and buffers to reach 
k. Repeat step “h” using a 2nd weight. 

uniform temperature before taking 1. Note % slope reading in notebook 
measurements. (acceptable limit 100% -C 15%). 

e. Stir both buffer and sample solutions C. General Information and Documentation 
l whilemeasurementisbeingmade. 1. 

f. RinseeiectrodewithDIwaterbetween 
pH meter log is to be updated daily when 
meterisused 



2. Maintenance should be dated and noted 
under “comments”in the pH meter log (see 
attachedexample). 

3. Aliquots of pH buffers should be 
replaced at a minimum once per week. 

4. pH buffers commercially obtained are 
datedupon receipt and date of expiration 
documented. 

5. pH buffers commercially obtained must 
show traceability to NBS standard buffer. 

ST’ANDARD.OPERATlNG 
PROCEDURE FCR 

fYlETER 
1 

A. Preliminary Operation 

1. General 

a. 

b. 

C. 

d 

e. 

f. 

f3. 

Adjust meter zero (if necessary) by 
turning the bakelite screw on meter 
face so that the meter needle lines up 
with the zero on the conductivity 
scale when meter is in “off” position. 

Turn the “mode” control to redline, 
adjusting the “redline” control so the 
meter needle lines up with the redline 
on the meter face. If you cannot line 
up the needlewith the redline, replace 
the batteries. 

Cell check -’ turn “mode” control to 
100x or 10x scale and depress cell 
button,meterreadingshouldbe ~2%. 

Sampledepthmustbesufficienttocover 
temperature probe. 

At time of standard preparation, an 
aliquotoftheReagentwaterusedshould 
be saved for calibration, (reference step 
2.c below) 

NOTE: Conductivitywillincreasewith 
time and exposure to air. 

Allow standard and samples to reach 
uniform temperature before taking 
reading. 

Always leave meter “off’ when not 
in use to conserve battery. 

B. Probe 

1. Use 

a. Do not touch the electrodes inside 
probe. 

b. Avoid obstructions and when 
possible, allow 2 inches of clearance 
from solids. 

c. Avoid metallic objects (minimum 6 
inches if possible). 

d To ensure flow of sample over 
electrodes, gently raise and lower the 
probe several times while taking 
reading. 

2. Cleaning and Maintenance 

a. Rinse well with DI water between 
samples 

b. Store probe in DI waterwhen not inuse 

c. Soakprobein lOpartsisopropylalcohol/ 
lOpartswater/l pattconcentratedHCl 
solutionfor5minutesandrinsewithDI 
water once a month, Ior whenever cell 
test indicates high reading. If reading is 
still high, consult reference manual. 

3. Calibration 

a. Meter: Reference A.11 section a, b, and 
C 

b . Temperature reading: check internal 
thermometer daily using a second 
thermometer (i.e., calibrated 
thermometer) acceptable difference 
<F’ . 

(1) Calculation 

(I-E) = difference 

I = internal thermometer reading in 
C” 

E =: 2nd thermometer reading in @ 

c. Conductivity reading for accuracy 
check: 

(1) Place probe in Reagent water ali- 
quot stored at time of standard 
preparation (see A.1.e). 

(2) Measure and set temperature us- 
ing internal thermometer located 
in probe. 

I 



(3) Read conductivity using lx scale 
(fresh Reagent water should have 
conductivity reading of 0, if >20, 
prepare new standard and Re- 
agent Water aliquot). 

(4) Rinse probe and place in 0.745 g 
KCl/kg Reagent Water standard 
solution. 

(5) Take conductivity reading 

* Conductivity reading to be taken on 
lowest scale _I 

Example: IJse Xl scale for less than 
500 

Use X10 scale for 500 thru 5000 

(6) Subtract Reagent water reading 
from KC1 standard reading. 

(7) Match temperature and compare 
actual reading to attached table. 

(8) If reading is not within + l.S%, 
notify the Laboratory Manager. 

(a) Calculation of percent: 

C"CRX100 

Ll 

CT = Conductivity in umhos/am from 
table 

CR = Conductivity in umhos/am read 
from meter 

C. General Information and Document&on 

1. Conductivity log is to be updated daily 
whenever meter is used. 

2. Maintenance should be dated and noted 
under “comments”‘in the conductivity log. 

STANDARDOPERATING 
PROCEDURiES FOR 

A. RefrigeratorslFreezers 

1. Thetemperatureinalltherefrigeratorsshall 
be maintained at 4O C (rt 2 degrees). In 

cases where temperatures are out of 
these limits, the thermostat will be 
adjusted accordingly with the laboratory 
manager’s approval. If a power failure or 
some mechanical problem (i.e., 
compressor) causes the limit to be 
exceeded, the following actions shall be 
taken: 

a. If clue to aower failure (“brown- 
oLltl[l 

Pac:k all refrigerators with frozen 
blue ice and/or dry ice* and keep 
doors closed until the power is 
restored. 

*Dry ice can be purchased from 
local supplier. 

b. Ifue to a mechanical problem 

For repair service, notify a contractor 
to have it repaired. 

Notify Laboratory Manager. Pack 
refrigerators with frozen blue ice 
and/or dry ice, if necessary, until 
repairs are completed. 

2. Tempe,rature must be read daily for all 
refrigerators and freezers and recorded in 
the appropriate refrigerator log. 

B. Ovens 

1. Oven temperatureswill be maintained at 
the required temperature -t 2* C at the 
operating range of 60-3OOOC. Above 
3OoOC, temperature will be maintained 
+ 10°C. If the temperature is found to 
be out,-of-control during analysis, the 
results of that analysis will not be 
reporte:d. The analysis will be repeated 
after the oven has stabilized for 8 hours. 

If stable oven temperature cannot be 
maintained because of electrical problems, 
the following should be done: 

a. No,tify Laboratory Manager, or if not 
available; 

b. Callanelectricalcontractorandarrange 
for service. 

2. Ovens that are set at a specific temperature 
must have their temperatures read and 
recordeddailywhileinuse. 



C. Desiccator 

1. Desiccant’ must be checked daily and 
changed when initial color change is first 
noted (i.e., blue to pink). 

D. Fume Hoods 

1. Fume hoods flow rates are checked every 
four months at nine points in each hood for 
one minute at each point. If the flow rates 
dropforanyreason,thel?.ltersforthehoods 
will be checked and replaced. 

E. Steam Baths . 
1. Steambathsaremaintaineddailybykeeping 

water level at a certain level and using DI 
water at all times. Generally they are drained 
and cleaned weekly. 

STANDARD OPERATING 
PROCEDUREFORGEL 

PERMEATION CHROMATOORAPH 
(GPC) MAlNlENANCE 

A. Gel Permeation Chromatograph Autoprep 
lOO2A Maintenance 

Routine maintenance is employed by each 
concemedpersonnelpriortouse(i.e.,sample 
batch run). The following clean-up 
procedures are followed to help minimize 
laboratory contamination. 

1. Disconnect the GPC column from the 
system. Seal-off the GPC column to keep 
BiobeadsSX-3inamoiststatebyconnecting 
the inflow and outflow tubings together. 

2. Solvent Cycle Clean-up: 

The following solvents are pumped to the 
GPC system (i.e., 23 loops) for a period of 
30minutesper loop to flush away residues 
built-upinthesystem.Itispumpedthrough 
the GPC system in the order of: 

a. Chlorobutaneforpurging 

b. Acetone (pesticidegrade) 

c. Methylene Chloride (Pesticide Grade) / 

3. If the GPC column appears to be dirty, i 
repack the column. 

STANDA,RmD OPERATING 
PROCXDURE FOR 

I 
SONICATOR TUNING 

Each time a n.ew converter, probe, cup .hom, tip, 

microtip, or accessory is used, the power supply is 
tuned using the following procedure: 

1. Movetheswitchabovetlnetuningcontrolto 
theDOWNPOSITION. 

2. Ensure that the probe or microtip is not 
immersedinthesolutionandthatitdoesnot 
come in contact with anything. If a cup horn 
or flow through cellisused, make sure that 
it does not contain any water. 

3. SetTlMERtoHOLD. 

4. Set OUTPUT CONTROL to “10” (to “4” 
when using a microtip or extender). 
CAUTION When using a microtip, never 
allow the tip tovibrate in air for more than 
10 seconds, and do not set the OUTPUT 
CONTROL above “5”. Ignoring these 
instructions will cause the microtip to 
flacture. 

5. Momentarily hold down ON/OFF/TUNE 
switch toTUNEandrotatethetuningcontro1 
clockwise or counterclockwise until a 
minimum (not maximum) reading (usually 
less than 20) is obtained on the power 
monitor. If minimum re.ading (sometimes 
referred to as null) cannot be obtained, 
the probe, cuphom, tip, microtip, or 
accessory is loose or out of resonance, or 
the power supply or convertor requiring 
servicing. A loose probe will usually 
generate a loud piercing sound. 

NOTE If minimum reading cannot be 
obtained, checkunitwithout the probe to 
ascertainwhetherthepowersupplyorprobe 
is at fault. 

6. SetOUTPUTCONTROLto”4”. 

7. ReleaseON/OFF/I’UNESwitch. 

8. Withadual5OOwatt UltrasonicProcessor, 
if two converters are ,going to be used 
simultaneously, connect the second 
converter cable to connector. 

9. DocumentalltuningintheSonicatorTuning 
I-%. 



STANDARD OPERATING 
PROCEDURE FOR 

CALIBRATING 
THERMOMETERS 

Thermometers are calibrated quarterly against an 
NBS thermometer using the following procedure: 

1) Install the NBS in the same environment as 
the thermometer in question (i.e., cold 
storage refrigerator, oven, etc.) 

2) Should the thermometer in the cold storage 
be in glycerin, verify that the NBS 
thermometer is in the same solution. *’ 

3) Allow the thermometers to equilibrate. 

4) Read both thermometers and record in the 
calibration log. 

5) Verify that the thermometer in question is 
within the 20.2 acceptance limit. 

6) Should the temperature be outside this limit, 
the thermometer should be replaced with a 
new calibrated thermometer. 

LABORATORY CORRECTIVE 
ACTION PLAN FOR POTENTIAL 

ANALWICAL PROBLEMS 

In the following paragraphs, 
P = Problem, and 
A = Action to be taken 

Sample Reaelpt, Log-in, and 
Labeling 

P: Sample containers received broken and/or 
seal not intact. 

A: Notify Project Officer 

P: Samplecannotbelocated(i.e.,misplaced)either 
intra-orinterlaboratoxy. 

A Notify Project Officer 

P: Samplesreceivedwithoutproperrefrigeration 
orpreservation. 
A: Notify Project Officer 

P: Illegiblesamplenumbersorlabelmissingfrom 
samplecontainers. 

A Notify Project Officer 

P: 

P: 

P: 

P: 

P: 

P: 

P: 

P: 

p: 

P: 

No instructions received with samples (i.e., 
list of analytes/analyses to be performed). 

A: Not@ Project Officer 

Samples received in nonprotected containers 
(i.e.,not in proper sample containers, samples 
for VOA analysis not contained in septum 
top vials. 

A. Notify Project Officer 

Physical characteristics different than those 
on sampling sheets (i.e., two phases instead 
of one) 

A: Not@ Project Officer 

Shipment container received damaged upon 
arrival 

A: Notify Project Officer 

Chain-of-Custody document does not match 
information indicated on sample label and 
containers received. 

A: Notify Project Officer 

Samples received past the holding time 
requirement (e.g.,nitrates--24 hours). 

A: Notify Project Officer 

Sample Refrlgeratlon and 
Prcbwrvatlon 

Field chain-of-custody she:et indicated that 
sampleswere preservedcontrary to the protocol 
or analytical plan. 

A: Notify Project Officer 

Noindicationonthechain-of&ustodyorsample 
containers that the sample was preserved, or 
how. 

A: Notify Project Officer 

Drastic change in physical characteristics upon 
preservation in the laboratory. 

A NotifyProjectOfficerandQAOfficer 

Discoveryof sample storage (i.e.,refrigeration) 
malfunction 
A Notify Project Officer and QAOfficer 



P: Discovery that sample has frozen with or 
without breakage. 

A Notify Project Officer and QA Officer 

Analytbal Method 

P: If at any time you are not in agreement with 
the method to be used or some portion of the 
method. 

A: Notify Project Officer and QA Officer. 

Sample Preparatlon .’ 

P: Loss of sample or unusual behavior during 
pH adjustment. 

A: Notify Project Officer and Supervisor. 

P: Knowledge of making incorrect spike. 

A: Notify Project Officer and Supervisor. 

P: Portion of solvent lost during sample 
concentration (i.e., KD or N, blowdown). 

A: Notify Project Officer and Supervisor 

P: Sample or extract loss due to glassware 
breakage 

A: Notify Project Officer and Lab Manager 

P: A lower than expected percentage of the 
solvent is recovere\d after extraction 
(<85%). 

A Notify Project Officer and Supervisor 
I 

P: Unable to reduce the extract volume to desired 
level or final volume 

A Notify Project OfficerandSupervisor 

Extract Storage 

P: Noticable loss of solvent after storage 

A: Notify Project Officer and QAOfficer 

P: Extract storage is past holding time for analysis 
(i.e., past 40 days for BNA/Pesticide). 

A: Notify Project Officer and QA Officer 

P: Noticeable change in physical characteristic. P: Chromatographicpeaks ahve severe tailing. 

P: Label o.r labels have come off of the storage 
container. 

A Notify Lab Manager 

P: Not enough information is on the label 

A: Notify Project Officer and Lab Manager 

Standard Pmparation 
P: Doubt as to purity of the standard material 

A: Notify Lab Manager or QA Officer 

P: Material doesnot appear togocompletely into 
solution 

A Notify Project Officer, Lab Manager, or 
QAOfficer 

P: Confusion over whether the right compound 
was added or not 

A: Start over from the step you are sure of. 

P: Questionwhetherstandard (stockorworking) 
is “too old’ (expired). 

A Check expiration of the standard, if 
available. If not, check SOP on standard 
expiration. ALSO notify Lab Manager 
or QA Officer 

P: Confusion ‘over some dilution from the 
standard stock solution 

A: Start over from the step you are sure of. 

Instrumental Analysis 

P: Injection of solvent blank produces erratic 
baseline and/or noise 

A: 1) Reinject another solvent blank, ifdue to 
bad injection. 2) Checkinstrument operating 
conditions. 3) Docorrective maintenance. 

P: Injection of multiple components standard 
produce poor separation or fewer peaks elute 
than componen.ts added. 

A 1) Check column for degradation. 2) Check 
instrument operating conditions. 3) Do 
correctivemaintenance. 

rli Notify Project Officer, QA Officer, and i 
Lab Manager 

A 1) Check column for degradation. 2) Check _. . -. - 
mstrument operatmg condrtions. 3) Do 
corrective maintenance. 



P: Multiple standard injections indicate poor conditions. 2) Do column maintenance. 
instrument and/or analyst precision 3) Rerun the standard. 4) Recalibrate. 

A: 1) Check column for degradation. 2) 
Check instrument operating conditions. 
3) Do corrective maintenance. 

P: Calibration curve is not linear. 

A 1) Redo calibration with the problematic 
standardconcentration2)Redostandard 
prepration. 3) Recalibrate. 

P: Loss of greater than 10% of the sensitivity 
during the work day is experienced. 

A Checkinstrument operating conditions. *’ 

P: Knowledge that a bad injection has been 
made. 

P: Data revie.w is not done within a day of the 
analysis, so the corrective changes can be 
quickly made 

A: Mark the chromatogram and inject the 
sample again. 

A: Notify Lab Manager, Project Officer, or 
QA Officer 

Data Review 

P: The recovery of material from spiked water 
or a QA/QC sample is not within the limits 
set prior to analysis. 

A: Notify the Project Officer. 

P: The data is contrary to that expected 
(historical background does not agree). 

A: Notify QA Officer 

P: Calibration has been performed too P: Calibration mistake is discovered after data 
infrequently. have been reported. 
A: Notify Lab Manager and QA Officer A: Notify Lab Manager and Project Officer 

P: Retention items begin to change. or QA Officer. 

A: 1) Check instrument operating 

CHROMAT00RAPHY SECTION - PREVENTIVE MAINTENANCE 

MAINTENANCE FREQUENCY 

GASES 

l molecular-sieve filters, adsorbent cartridges . . . . . as needed 

l moisture traps/oxygen traps . . . . . . . . . . . . . . . . . . . as needed 

l gas pressure level (psi) . . . . . . . . . . . . . . . . . . . . . . . . when column maintenance performed 

l regulators . . . , . . . . . . . . . . . . . . , . . . . . . . . . . . . . . . as needled 

l copper line connections, check for gas leaks . . . . . whenever cylinder changed or work is 
. . . . . . . . . . ., . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . done on gas lines/traps 

l purity of gases used . . . . . . . . . . . . . . . . . . . . . . . . . . upon rleceipt of gas order 

l gas supplies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . daily 



COLUMNS 

l change of glasswool inserts for packed column . . .as needed or when column head re-packed 

l bake-out temperature frequency . . . . . . . . . . . . . . . at end of analysis sequence 

l when to change to a new column 
(i.e., previous column to a new column 
whether packed or capillary) . . . . . . . . . . . . . . . . . . as needed 

AUTOSAMPLERS 

l flushing of compressed air 
linesfor the autosampler . . . . . . . . . . . . . :“. . . . . . . . daily 

l alignment of the autoinjector syringe to GC inlet as needed/when syringe is replaced 

l autoinjector syringe check for needle/or 
plunger needle/or plunger . . . . . . . . . . . . . . . . . . . . as needed 

l lubrication of geaxs . . . . . . . . . , . . . . . . . . . . . . . . . . not required 

l replacement of solvent vials used 
for solvent flush . . . . . . . . . . . . . . . . . . . . . . . . . . . ..asneeded 

l discard or removal of sample 
vials that were injected . . . . . . . . . . . . . . . . . . . . . . . daily 

AUTOGAMPLER (TEKMAR ALS) 

l check gas flow connections . . . . . . . . . . . . . . . . . . . . at installation and when any hardware is 
. . . . . . . . . . . . ..*............................ replaced or changed 

l check connection to the GC . . . . . . . . . . . . . . . . . . at installation 

l check for leaks .. glassware mounts of th 
esampler, fitting, unions sample valve . . . . . . . . . . at installation and when hardware 

. . . . . . . . . . . . ..I............................ is replaced or changed 

l cleaning of the samplers (i.e., fritted disc, 
sampler, needle spargers, purging device . . . . . . . . every six months or as needed. 

RECORDERS/INTEGRATORS 

l check supplies (ink, printheads, chart paper) . . . .weekly 

l replacement of printheadfink . . . . . . . . . . . . . . . . . as needed 

l cleaning of pen carriage rods . . . . . . . . . . . . . . . . . . as needed 



HALL 700A SYSTEM 

l check all dials, lights (vent light), 
and controls for proper function .............. daily 

l solvent module .............................. daGy 

l solvent replacement frequency ................ every six months or as needed 

l solvent level check ........................... weekly 

l solvent flow rate 
(solventreplacement, pump shut down) ......... when maintenance performed 

l motor pump for Iproper function ...... :*. ...... .daily 

l ion exchange resin ........................... monthly 

l frequency of packing or replacement ........... yearly 

l replacement of nickel reaction tube ............ as needed 

PHOTOIONIZATION DETECTOR (PID MODEL 703) 

l cleaning of lamp window ..................... as needed 

l cleaning of detector ......................... as needed 

l replacement of detector lamp ................. as needed 

GAS CHROMATOGRAPHS 

1. Check fiwgrr leaks 

l gas lines/column connections .................. at installation, during routine maintenance 

l column joint with injection port ............... at installation, during routine maintenance 

l GC connection to gas lines ................... at installation and when gas lines are changed 
........................................... to the instrument 

l septum (auto-injection port) replacement ....... as needed 



a. fn~4?ff..n pert 
l cleaning . . . . . . 4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . as needed 

l replacement of glass liner insert . . . . . . . . . . . . . . . as needed 

l replacement of charcoal tube filter for exhaust/vent monthly 

l replacement of brass seal (swagelok/ferrules) 
for column connection . . . . . . . . . . . . . . . . . . . . . . . as needed 

l gas flow checks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .at time of routine column\injection 
.,................I........................ port maintenance 

l temperature checks . . . . . . . . . . . . . . . . . . . . . . . . . . daily 
., 

8. Detectors 

l cleaning/rebuilt . . . . . . . . . . . . . . . . . . . . . . . . . . . . . as needed 

l radioactive leak check (wipe test) . . . . . . . . . . . . . . every six months 

l column pressure (psi) . . . . . . . . . . . . . . . . . . . . . . . .at time of routine column\injection 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . port maintenance 

l check panels, light, dials, controls 
for proper function . . . . . . . . . . . . . . . . . . . . . . . . . . daily 

GENERAL 

l cleaning and maintenance of bench tops . . . . . . . . monthly 

l check supplies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . weekly 

l logbook entries for maintenance and 
temperature programs, injection logs, etc. . . . . . . as required 



STANDARD OPERATlNG PROCEDURee FOR 

Solvant Dlspoml 

Solvents from sample extraction or sample prep 
shall be disposed of by incineration through the 
use of a properly licensed/permitter facility. All 
drums shall be manifested for transportation; it is 
essential to have the waste segregated by type. 

r 
L 

8t.m --ac -. 

Hazardou@ Waabste~ Drum Sticker 

A. Chlorinated solvents i.e., Freon/Methylene 
Chloride 

B. Hydrocarbons -Toluene/HexaneQclohexane 
Segregationshallbeginwithinlaboratory,smail 
two gallon containers shall be placed within 
each laboratory area. These shall be of proper 
type to receive solvent and properly labeled as 
to type and with any hazard codes. 

At the end of each work day these containers shall 
be emptied into a fifty gallon drum located in a 
secure area behind the walk-in. All waste solvent 
cans shall have a minimum of twu gallon capacity 
and have a self closing lid to reduce the amount of 
volatile loss. The only time the lids are to be 
opened are when the can is in use. Each container 
shall be equipped with a integral flame arrestor 
and a pressure relief mechanism. One suggested 
supplier is Lab Safety catalog number 0892. 

SF BOsAl (REV. 1 .Q-wwm) 

A log shall be maintained (see Figure D.l) on each 
drum as to the date it was put into service and when 
it is full. This Xog shall become part of the manifest 
and a copy maintained with the lab for record of 
disposal. Each drum shah be of the proper type 
required and labeled with type of waste/hazard 
codes and our name and address, date that was in 
service and a unique sequential identification (see 
Figure D.2). These drums shall be used only for 
solvent disposal. Records of solvent disposed shall 
be the responsibility of the extraction lab supervi- 
sor. Any deviation from procedure or problems 
associated with disposal of solvent shall be docu- 
mented with a corrective action report. All waste 
drums shall meet DOT requirements and be lined 
with plastic or coated with phenolic resin. The use 
of this type of drum is to reduce potential leaking 
from corrosion if water or corrosive material are 
inadvertently added to the drums. Drums shall be 
ground at all times when being filled as well as the 
waste solvent can to prevent static sparks(see 
figure D.3). After each use drums shall be closed 
using a non-sparking wrench (see figure D.4)(Lab 
Safety Supply Catalog number C4762). After tight- 
ening bungs, place cover (Lab Safety supply catalog 
number C 2367) over drum to prevent ram water 
from accumulating in top of drum (see figure D.5). 
It is mandatory this secure area be kept organized 
and locked. 

The waste stream needs to be periodically charac- 
terized by analysis and accurate record 
maintenance. Based upon our knowledge of the 
waste stream and the analysis all manifest shall be 
completely filled out. 

The secured area shall be deemed such and sign 
posted (Labeled Hazardous Waste, No Smoking 
and Emergency Phone Number-See figure D.6). 
Any noncompatible waste should be stored as far 
away from each other aa possible. 

All drums should be moved using an approved 
drum dolly (see figure D.7) (Lab Safety supply 
catalog number C4087) protective eyewear and 
gloves should be worn when filling or transporting 
any of the waste. 



Emergency Spill Kit containing vermiculite should 
be available as an absorbent in case of spill along 
with Spill Dikes (Lab Safety Supply catalog num- 
ber C7412-2) to contain any spill in a localized area 
(see figure 0.8). 

An emergency response kit shall be maintained 
near or in the containment area. This kit shall 
contain protective gloves, respirator with assorted 
cartridges (i.e., solvent vapor and gas) protective 
clothing and goggles. 

HAZARDOUS WASTE S’T’ORAGE & 
IN#W$ETlON PROC#!DUWE - 

Scope: 

Southwest Laboratory of Oklahoma, Inc. utilizes 
this procedure to assure proper storage identifica- 
tion and correction of hazardous waste hazards 
and compliance with all hazardous waste SOP’s. It 
is the responsibility of Management to assure that 
this procedure is followed. 

Procedure: 

1. Wastearestoredmadesignated~n~t 
areauntil periodicremovalbywaste hauler. 

2. Inspectionsshould becompletedweekly. 

3. The hazardouswasteinspection formwill 
beusedasacheck-listandfordocumention 
of the inspection (see Figure D.9). 

4. The inspection form is divided into four 
sections: 

l General; signs, housekeeping, SOP’S 
followed. 

7 FIGURED.4 
Non-Sparking Drum Plug Wrench 

5. 

l Containew; odors present, caps on 
tight, leaking. 

l Labeling; DOT labels present, 
hazardous waste label present, 
flammable label present, drums 
marked properly, accumulation start 
date. 

l Safety; necessary safety equipment 
accessible. 

The inspection form will be used as a tool 
for corrective action and follow-up. 
6.The inspection form will be filed by 
the Hazardous Waste Manager. 

~DIOU~S WASTE 
MANIPBST 

scopeb: 

Southwest Laboratory of Oklahoma, Inc. 
utilizes this procedure to assure that all 
hazardous waste shipments are mani- 
fested properly and in accordance with 
DOT and Hazardous Waste regulations. 
It is the responsibility of Management 
to assure that this procedure is fol- 
lowed. I 



HAZARDOUS WASTE 
DISPOSAL RECORD 

CAN #: DATETRANSFERRED: 

CHLORINATED: NON-CHLORINATED: BARREL #: 

0 0 

Amount 
DPts (mW Description, Amt of each Constituent Initials 

-- 

SOUTHWEST LABORATORY OF OKLAHOMA, INC. 
1700 w. ALBANY l BROKEN ARROW, 0KLAIIO.A 74012 l OFFICE (918) 251-2858 l FAX @E 251-2599 

I 

FIGjlJRE 0.1 Hazardous Waste Dispodfal Record 7 I 



Procedure: 

1. A Hazard& Waste manifest must be 
completed according to the instructions 
on the manifest before the wastes can be 
picked-up for transportation to the dis- 
posal site (see Figure D.lO). 

2. The truck driver must sign and leave two 
copies of the manifest with us. 

3. Onecopyofthemanifestisretainedinthe 
Hazardous Waste Manger’s file and the 
other is mailed immediately to the state 
receiving the waste. 

4. Manifest records are maintained for a 
minimumofthreeyears. 

HAZARDOUS WASTE REPOF?llNG 
REQUI~REMENTS 

Scope: 

Southwest Laboratory of Oklahoma, Inc. utilizes 
this procedure to assure that all hazardous waste 
reports are generated according to applicable regu 
lations. It is the responsibility of management to 
assure that this procedure is followed. 

Procedure: 

1. All completed manifest shah be filed 
quarterlywiththeState.Noreportisnquired 
to be filed with the USEPA. 

2. If the completed manifest is not received 
from the disposal site within 30 days from 
thedateaccepted bytheinitial transporter, 
and“ExceptionReport”must befiledwith 
the State within 45 days from the date of 
shipment.Thisreportmustcontaintheaction 
takentodetetiethestatusoftheshipment. 



ACAUTION 

Do not smoke 
in this area. 

c-Y-- 

Posted Signs 

PIOUFMb.jb 
Drum Cover 

AQURE0.7 
Approved DN?n Dolly 

AQURE D.8 
Spill Dike 



. HAZARDOUS WASTE 
INSPECTION FORM 

IATE: 

I-ME: 

AREA 
INSPECTED 

OENERAL 

Househping 

AREA INSPECTED 
SATELLITE BULK STORiii- 

5 
DATE 

OBSERVATIONS/RlX4UIRED ACTIONS CORRECTED 

. . 

Signs 4 I I 
CONTAINERS 
OdOrrp 

Caps S’ealed 
t- 

Leaking? -1 

DOT/&d Wst 

Marldngs 

Accum Date 

Equipment 
-0 1 , 

COMMENTS 1 1 
.- 

SOUTHWEST LABORATORY OF OKLAHOMA, INC. 
1700 W. ALBANY l BROKEN &ROW, OKWHOMA 74012. OFFICE (918) 251-2858 0 FAX (6) 251-2599 

I 

1 FIGURE D.9 Hazardous Waste Inspection Form 1 



STATE OF ARKANSAS 
Depwtmont of Pollution Conirol and Ecology 
P. 0. Box 6913 Lllilr Rock, Arkansas 722194913 
TOI&WM 501462~7444 

-----------a------m 

II no altornrte TSDF, return to generator 

Ib. SPQW MunD I”.tNCDOI(* MI M”M 

1 FIGURE D.10 Uniform Hazardous Waslis Manilbcst ] 



Toluene d-8 (water) 
Toluene d-8 (soil) 
Bromofluotobenzene (water) 
Bmmofluombenzene(soii) 
1,2-Dichloroethaned4(water) 
1,2-Dichloroethane d4 (soil) 

l Laboratory Control Spikes 
Acetone 53-146/30-160 53.146i30-160 50159 
Bromodichloromethane 48-164/71-124 48.W/71-124 20114 
Benzene 70-134179-128 70.134/19-128 46113 
Bromoform 34-151/58-119 34-15168-119 52l37 
Bromomethane SO-191/46-161 50-191146-161 23l36 
Chlorobenzene 72-135/80-125 72.13.%0-125 14/10 
Carbon Disulfide 50-162/52-129 50.162/52-129 31j29 
cis-1,2-Dichloroethene 54-153/80-128 54-153/80-128 24/m 
cis-1,3-Dichloropropene: 34-199163-123 34-199/63-123 33l29 
Chloroethane 32-212/-44-154 32-212/-44-154 28m 
Chloroform 57-152i79-129 57-152/79-129 91177 
Chloromethane 32-161/21-170 32-161/21-170 28ll8 
Carbon Tetrachloride 37-182/65-140 37-182165-140 49l21 
2-Chloroethylvinyl-ether 73-156/D-146 73-156/D-146 61145 
Dibromochloromethane: 43-157/68-120 43-157/68-120 2x25 
1,3-Dichlorobenzene 52-164/64-121 52-164/64-121 37f2.4 
l,l-Dichloroethene 54-161/60-141 54-161/6O-141 3U16 
1,2-Dichloropropane 40-182/N-122 40-182/81-122 3Y17 
Ethylbenzene 55-147182-U 55-147/82-123 i7n9 
2-Hexanone 27-176/20-181 27-176/20-181 97160 
Methylene Chloride 52-168/77-141 52-168/77-141 43f21 
4-Methyl-2-Pentanone U-208/33-163 u-208133-163 6U54 
m,p-Xylene 55-151/I%-125 55-151/81-125 16/21 
o-Xylene 68-W/72-126 68-144i72-126 29n4 
Styrene 64-147/71-129 64-147/71-129 27n3 
Trichloroethene 67-149Pl-134 67.149/71-134 38i21 
Trichlorofluoromethane 39-181/70-132 39-181/70-132 
tmlW-12Diichbroethene 74-162~72-133 74-162/72-133 35/21 
tram-13-Diimpmpene N-164/48-141 lo-164/48-141 42/41 
ToltletW 75-140/80-122 75”140/&o-122 15/11 
Tetwhkxoethene 61-141/80-125 61-141/W-125 2421 
Vinyl Acetate 22-122/17-153 22-12207-153 6On2 
Vinyl Chloride 65-167/31-168 65-167131-168 25l26 
l,l-Dichkwoethane 55-159/75-129 55”159/75-129 2209 
l,l,l-Trichkxoethane 38-179166-140 38-179/66-140 51/45 
1,1,2&Tetrachloroethane 14-157/49-127 14-157149-127 95J78 
2-Butanone 42-173116-130 42”173/16-130 29/w 
1,2-Dichlombenzene 62-135/53-120 62-135/53-120 39116 
1,2-Dichlomethane 59-151/81-132 59-151/81-132 26n9 
1,1,2-Trichiorcethane 40-179/68-120 40-179/68-120 31r.28 
1,4-Dichlombenzene 51-172/63-112 51”172/63-112 46l32 

LCL-1 ls3.01 



r 

PARAMETER ’ 
METHOD 

RRPBREKE 

SW846 CLP -ORATORY LABORATORY 
METBOD METHOD LIMITS W WW 
LIMITS LIMITS %REC WATBUSOIL 

l Mntrix spwDup1icate (RPD) 
l,l-Dicblomethane 
Tlkhlometkne 

Toluene 
albmbemme 

59-155 61”145/!!9-172 
71-157 71”120/61-137 
37-151 76-127/66-142 
47-150 76-125/59-139 
37-160 71130/60-133 

water%oil 
61-145/77-135 
71”12on9-100 
76-127/77-135 
76-12!5m-x34 
75”130/‘92-115 

BTEX 
l SunroeFptcSp~ 

Bromofluorobenzene 

8020 
EPASW-846 

65-135 65-135 

l Matrix Spikehplicate &PD) 
Benzene 
Toluene 
Ethyl benzene 
Xylenes 

39-150 39-150 
46148 46-148 
32-160 32-160 
77-145 77-145 

BNA 
l sllrrogatespikes 

Nitmbeluened5 
2-fluombiphenyl 
pterphenykll4 
PhenOld5 
2-fluomphenol 
2,4,6=liibromophenol 
2-Chlomphenold4 
1,2-Dichlombenzened4 

625/8270 
EPA/SW846 

- 

35”114/23-120 
43”116/30-115 
33-141/l&137 
lo-94/24-113 

21”100/25-121 
lo-123/19-122 

35”114/2!3-120 
46-116/30-115 
33-141/X8-137 
lo-110/24-113 
21”110/25-121 
10”123/1.9-122 
33”110/20-130 
16”110/20-130 

water/soil 
47”102/40-98 
46-86/34-125 

66-lOO/lG-1137. 
46-86/33-96 

21”100*/32-82 
43-115/19-122* 

’ Lahoratoly Control spikes water/soil water/soIy 
Phenol 28-104/35-115 28”104/35-115 
2-Chlomphenol 21-106/34-115 21”106/34-115 
1,4-Dichlombenzene 14-110/33-201 14-110/33-102 
n-Nibwodi-n-pm~lamine 19-12E/36-124 19”128/s-124 
1,2&Trichlombenzene 17”109/43-106 17-109143”106 
4-Chloro-3-mehtylphenol 23”115/30-124 23-115/30-124 
Acenaphthene 26-137141-113 26-137/41-113 
4-Nitmphenol 20-135125-147 20”135/25-147 
2&Dini&OtohletK% 28-129/38-122 28-128138-122 
Pe&&ompheno~ 25”134l28”133 25”134/z&133 
pyrene 28”139/26-126 28”139/26-126 

l MatrixSpikdDuplicate (RPD)’ 
1,2&Trichlombenne~ 
Acenaphthene 
2&Dittitt0tohKXle 
pyrene 
N-Nittwo-Di-n-Propyknjne 
1,4-Dichlombenzene 
Pentachlomphenol 
Phenol 
ZChlomphenol 
4-Chlom-3-Methylphenol 
CNitmphenol 

44-142 39”98/38-107 
47-145 46118/31-137 
39-139 24”%/28-89 
52-115 26-127/35-142 

13.6-197.9 41”116/41-126 
20-124 36-97/28-104 
14-176 9”103/17-109 
5-112 12”110/‘26-90 
23-134 27-123/25-102 
22-147 23”97/26-103 
O-132 lo-80/111-114 

watel%oil 
39”98/58-93 
46-l 18/59-X9 
24”%/56-97 

26-127w109 
41”116/45-116 
36-97l33”75 
9-103/31-167 
12-1 lo/SO-71 
27”123/39-83 
23-97160-87 
lo-80/73-102 

. . . ._ LPLimitsuwdduetoexcessivein-housegenerueanmm. 
- 

+ 

14f22 
14f24 
H/21 
13f21 
13i21 

20 
20 
20 
20 

WatWSOil 

4Oi37 
29J38 
29/38 
29140 
27/37 
33l33 
27l37 
33i38 

4m9 
16l46 

2& 
3109 
38l47 
3Il36 
38/38 
2&27 
50147 
4205 
40/50 
42133 
so/so 



SW846 CLP LABORATORY LABORATORY 
METHOD METHOD METHOD LIMITS (MUX WD) 

PARAMETER REFERENCE LIMITS LIMITS %REC WATER/SOIL 

PE!3TICIDE/pCB 608/8080 
l SurrQgateSpik EPA/SW846 

Dihutylchlorendate (water) 60-150/60-150 - 
Dihutykhlo~ndate (soil) 60-150/60-150 - 
Tetrachlom-m-xylene 60”150/60-150 - 
Dt!ddOmbiphellyl 60”150/60-150 - 

l Laholatmy central spikes waler/soil watcr/soti 
Aldill 38123/22-119 38”123/22-119 
Dkklrin 40-123/20-123 40-123/20-123 
En&in 42”145/25-138 42-145125-138 
g-BHC 34-143/21-153 34-143/x-153 
a* 39”x28/21-145 39”128/21-145 
4,4’-DDT 36-126/45-131 36-126/45-131 
a-BHC 31”142t20-160 31”142/20-160 
bBHC 43”133/22-147 43-133122-147 
d-BHC 24-125/23-104 24-X25/23-104 
Endrin Aldehyde 47”178/27-160 47”178/27-160 
EndrinKetone 49”161/23-147 49-161/w-1’47 
ElldosulfanI 46-134/N-121 46134/24-1121 
ElldosulfanII 41”149/24-142 41”149/24-1142 
Endosulf’anSulfate 36-150/.22-126 36-150/22-X26 
g-clllow 40”137/21-118 40-137/21-l 18 
HeptachlorEpoxide 39-124/20-119 39-124/20-1:19 
Methoxychlor 34-141/26-140 34-141/z-140 
4,GDDD 70-133/57-160 70-133/57-16 
4&DDE 70-122/50-117 70-12USO-1:17 

l Matrix SpuaJDuplicate water/soil * l 

Gamma-BHC 56-X23/46-127 56-x23/46-127 15/50 
*ptachlor 40-131/35-130 40-131/35-130 20/31 
Akhil 40-120/34-132 40-120/34-132 22/43 
Di&itl 52”126/31-134 52”126/31-134 18/38 
E&in 56-121/42.-139 s6-12l/42-139 2l/45 
4,4-DDT 38”127/23-134 38127/23-134 27/50 

TRACE METALS (ICY)* 200.7/6010 
EP- 

Ahlmitlum 75-125 75-115 ~ 75-125 20 
Balium 75-125 75-U!! 75-125 20 
Boron 75-125 75-1215 75-125 20 
Calcium 75-125 75-12s 75-125 20 
cobalt 75-125 75-125 75-125 20 
Imll 75-125 75-125 75-12s 20 
Magnesium 75-12.5 75-125 75-125 20 
Manl4anese 75-125 75-125 75-125 20 
Molybdenum 75-125 75-12s 75-125 20 
Potassium 75-125 75-125 75-125 20 
Silicon 75-125 75-125 75-125 20 
sodium 75-125 75-125 75-125 20 
Vanadium 75-125 75-125 75-125 a 

1 m, :-:““..““~~..“r^“II”“:..-?- L-.. ““_” - ___._ _I,:-:.- r-> -,1-, 



CLP 
METHOD 

LIMITS 

,ABORATORy 
LIMlTS 
% REC 

-ORATORY 
(MAX RPW I 

WATER/SOIL 
PARAMETER 

SW846 
METROD METHOD 

REFERENCE LIMITS 

~~)*7000 Series 
SW846 

75-125 
75-125 
75-125 
75-125 

20 
20 
20 
20 

75-125 75-125 
75-125 75-125 
75-125 75-125 
75-125 75-125 

Arsenic 

Selenium 
Thallium 

20 

WET CHEMISTRY 
-r 

20 
20 
20 

SO-120 
80-120 
80-120 

-- 

cJartmn@ 
Bicarbonate 
Hydroxide 

E310.0 1 
E310.0 
E310.0 

-- 
l-IDS El60.1 

-- 
chloride WOO.0 
FIuolide E300.0 
sulfate 

li,, 

E300.0 
E300.0 
E300.0 

20 
-- --zi%-- 

80-120 
80-120 
80”12cJ 
80-1211 

--zG-- 
GO-120 

20 
20 
20 
20 
20 

20 
.- 

20 
E352.1 
E354.1 

G&e 
Nitrite 



NAVY QUALITY 
CONTROL LEVELS 

As detailed in the Naval Energy & Enviromnen- 
tal Support Activity (NEESA) Document 
20.2-047B here are different levels of Quality 
Control that meet the requirements of the Data 
Quality Objectives (DQOs) for varios remedial 
actions. The following table details these levels 
and the Quality control needed to support them. 

TABLE E.1 OVERALL PLAN FOR QC 
BASED ON TYPE OF SITE 

DOD Typeof 
Lsvels~ site CC Rcqulrements 

3 Major PE laboratory' QA Plan Use EPA- Monthly 10% field Rtvlcw of 
Non-NPl sample audlt revlew approved rrvlcw duplicates flnal data 
Level c method* 

4 NPL PE Laboratory' QA P\an Use CLP Monthly 101 field CLP 
level D sample audlt revlcu procedures revtew duplicates validation 

5 Non-NPL PE laboratory* DA Plan Use EPA- Month1 y 5% Field Review of 
Level E saPpIe audit rrvleu approved revlen dupllcatrs ftnal data 

methods.' 
Non-EPA 
methods for 
tissue and 
explosives. 

'DC crlterla for DpO Levels 1 and 2 has not been deflnad. 
'All laboratory audits nil1 be performed by the NCR. 
sIncl~arthods from SW 846, Amrrclan Society for Testing Haterlals, and Federa I Register. 

CLP l Contract laboratory protocol 
PE I Performance rvsluation samples 
DC0 l Data quality obJsctlve 

Rl-El/D8 
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SOUTHWEST hBORATORY OF thLAJ!lOMA, INC. 
STANDARD OPERATING PROCEDURE FOR THE ANALYSIS OF 
VOLMU ORGANICS - NEW PROTOCOL 3/90 

MS315 

ltm 3.2 - 417195 

GC/MS ANALYSIS OF PURGEABLE ORGANICS 

1. SUMMARY OF lWT’HOD/HOLDlNG TIMES 

A. An inert gas, helium, is bubbled through a 5 mL sample contained in a specifically designed 
purging chamber at: ambient temperature. The purgeables are efficiently transferred from the 
aqueous phase to the vapor phase. The vapor is swept through a sorbent column where the 
purgeables are trapped. After purging is completed, the sorbent column is heated and 
backflushed with the hehum to desorb the purgeables onto a gas chromatographic cohmm. 
The gas chromatograph is temperature f;rogrammed to separate the purgeabies which are 
then detected with a mass spectrometer. 

B. An aliquot of the sample is diluted with reagent water when dilution is necessary. A 5 mL 
aliquot of the dilution is taken for purging. 

C. If the amount of TCL compound detected is outside the linear range of the instrument, then 
a smaller sample size is analyzed. 

D. Water and soil samples are analyzed within 10 days of Verified Time of Sample Receipt 
(VTSR). 

Il. APPARATUS MD MATRRWS 

A. 

B. 

C. 

D. 

E. 

F. 

Micm syringes - 10 PL and larger, 0.006 inch ID needle. 

Syringe valve - two-way, with Luer ends (three each), if applicable to the purging device. 

Syringe - 5 InI+ gas tight. 

Balance - Analytical, capable of accurately weighing 0.0001 g. and a top-loading balance 
capable of weighing 0.1 g. 

Glassware: 
1. Bottle - 40 mL, screw cap, with Teflon cap liner. 

Purge and trap device - The purge and trap device consists of three separate pieces of 
equipment; the sample purger, trap and the desorber. (Telcmar 2000 with 2016 and 2032 
autosamplers). A heating blanket is added to the Tekmar autosamplers when low level soils 
are analyzed. 

Page 1 of 19 



SOUTHWEST LABORATORY 0~ OKLAHOMA, INC. 
STANDARD OPERATING PROCEDURE FOR THE ANALYSIS OF 
VOLATILR ORGAJWS -NEW PROTOcOL3/90 

MS315 

IREW 3.2 - 417195 

RI. GC/MSSYSTEM 

A. Gas chromatograp4h - An analytical system complete with a temperature programmable gas 
chromatograph suitable for on-column injection and all required accesziories iixluding 
syringes, analytical column, and gases. 

B. Column - DB6;!4, 75m, 0.53mm ID, 3.0 urn (J&W Scientific Cat. No. X5-1334) or 
equivalent. 

C. Jet Separator - Glass (SIS Cat. No. 113505). 

D. Mass spectrometer - Capable of scanning from 35 to 300 amu every three seconds, utilizing 
seventy volts (nominal) electron energy in&e electron impact ionization mode and producing 
a mass spectrum which meets all the criteria when 50 ng of 4-bromofluorobcnzene (BFB) is 
injected through the gas chromatograph inlet (see Table 4). 

E. Calibration requir’ements can be found in Tables 8 and 9. 

A. 

B. 

C. 

D. 

E. 

F. 

G. 

Reagent water - Produced by filtering tap water through an organic filtration system 
containing activated charcoal prior to use. 

Methanol - Pesticide quality or equivalent. 

Stock standard solutions- Stock standard solutions are purchased and are traceable to EPA 
supplied standards. These solutions are stored in Teflon sealed screwcap bottles at 10°C to 
20°C. 

Secondary dilution standards - Using stock standard solutions, prepare secondary dilution 
standards in methanol that contain the compounds of interest, either singly or mixed together. 
(See GC&lS Calibration in Exhibit E). Secondary dilution standards should be stored with 
minimal headspace and should be checked frequently for signs of degradation. or evaporation 
especially just priolr to preparing calibration standards from them. 

Surrogate Standara! Spiking Solution - Prepare stock standard solutions for toluene-dg, p- 
bromofluorobenzene, and 1,2-dichloroethane-d4 in methanol. Prepare a surrogate standard 
spiking solution from these stock standards at a concentration of 25 &mL in methanol. 

Purgeable Orgarnic Matrix Standard Spiking Solution - Prepare a spiking solution in methanol 
that contains the following compounds a concentration of 25 pg/mL: l,l-dichloroethene, 
trichloroethene, chlorobenzene, toluene, benzene. Matrix spikes also serve as duplicates; 
therefore, add an aliquot of this solution to each of two portions from one sample chosen for 
spiking. 

Internal Standard Soh&m - The three internal standards are Bromochloromethane, 
1,4difluorobenzene and chlorobenzene-d5. Prepare a spiking solution containing each of the 
internal standards. It is recommended that the secondary dilution standard be prepared at 
concentration of 25 &mL of each internal standard compound. The addition of 10 @L of 
this standard to 5.0 mL of sample or calibration standard would be equivalent of 50 &g/L. 
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V. GC/MS OPERATING CONDITIONS 

A. These performance test require the following instrumental parameters: 
1. Electron Energy: 70 Volts (nominal) 

2. Mass Range: 35-300 

3. Scan Time: to give at least 5 scans per peak, not to exceed one 
second per scan 

B. Sample Analysis 
1. All samples and standard solutions must be allowed to warm to ambient temperature 

before analysis. 

2. Recommended operating conditions for the gas chromatograph - Column Conditions: 
DB-624,75m, 0.53mm ID, 3 um fiIm thickness or equivalent at a flow rate of 30 mUmin. 
for Glass jets. Column temperature is isothermal at 45°C for five minutes, then 
programmed at: 5°C per minute to 105°C. further programmed at lO”C/min. to 180°C. 

3. Adjust the purge gas (helium) flow rate to 35 2 3 nUnin. Variations from this flow rate 
may be necessary to achieve better purging and collection efficiencies for some compounds, 
particularly chloromethane and bromoform. 

VI. GUMS VOlATRmES RUN LOG: 

A. AU of the following items are recorded in the Volatiles GUMS Run Log (see fig. 1.) 

VII. CALlBRA’TION 

A. Tune 

1. Before analysis of samples can begin, the instrument must meet all calibration criteria. 
The first step in the calibration of Volatiles GC/MS system is to demonstrate the 
ionization and fragmentation of standard mass spectral tuning compounds. This is 
accomplishad, as well as mnsitivity check, with the use of 4-Bmmc@uorubanzene, an EPA 
specified compound. This standard is run daily to validate the GQMS system and to begin 
the 1Zhour clock. BFB is analyzed by direct injection of a SOng aliquot into the 
instrument. 

2. When the analysis is complete, the tune is checked against standard criteria (See Table 3 
for Tune Criteria). EPA-CLP tune criteria for BFB is used for all volatile: test codes, and 
before any other calibration standards or sample analysis is porformed. 

3. If the tune fails to meet the criteria, rerun BFB. If it fails again, the instrument must be 
retuned through “Auto Tune” or “Manual Tune.” BF’B should be run &pain. If it meets 
criteria, continue with the calibration sequence. If it fails again, contact your supervisor. 
Instrument maintenance such as source cleaning may be required. 
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B. Initial Calibration 
1. Once BFB has met its tune criteria, calibration may begin. Initial calibration of the GC/ 

MS is established and validated by the analysis of EPA traceable standards at five 
concentration levels which are 10, 20,50, 100, and 200 ppb. These standards are made 
up in 5mL of reagent water and purged on the Tekmar before analysis by GC/MS. The 
internal standard calibration procedure is used. In addition to surrogate recovery 
compounds, standards and sample extracts are spiked with internal standards that span 
the retention time range of the analytes of interest. 

2. The Response Factors (RF) for the analytes in the standard are calculated and stored in 
a Target Method File. The concentration of the analytes during sample analysis is 
calculated using the RF of each analyte determined in each day’s calibration. These 
equations are &own in Table 13. 

3. The calibration standards are prepared by filling a syringe with 5mL of reagent water and 
spiking with the standards as shown below. 

Internal 
std. 
W) 

10 

10 

Surrogate 
(Ecu 

2 

4 

25PPm ht. Std. 
Stock Std. Final 

Or-L) cont. (ng/mL) 

2 50 

4 SO 

stoclc std. 
Final 

come. (ng/mL) 

10 

20 

10 10 10 50 50 

10 20 20 50 100 

10 40 40 50 200 

4. Attach the syringe to the syringe valve assembly on the Tekmar. Open the syringe valve and 
inject the sample into the purging chamber. Close the purging device valve. Low level soil 
calibrations must be heated to 40°C before purging. Water, medium level soils, and high level 
soils purge at ambient temperature. Purge the sample for 8.0Jmin. At the conclusion of the 
purge time, introduce the trapped materials to the CC column by the Desorb M:ode where the 
trap is rapidly heated to 180°C for four minutes. 

5. While the trap is being desorbed into the GC, you may empty the purging chamber. After 
desorbing the sample for four minutes, bake the trap for four minutes at 225°C. After bake, 
allow the trap to cool to less than 30°C making it ready to purge the next standiard or sample. 

6. The standard will automatically be quantitated into a report from which concentrations, 
areas, response factors, standard deviations, and percent differences are calculated. 

7. EPA-CLP criteria is employed for Volatiles Calibration Check Compounds (CCC) and 
System Performance Check Compounds (SPCC). This criteria is shown in Tables 8 & 9. The 
operator is allowed to have two items out of limits, either minimum RRF or Maximum % 
RSD. However, the RRF’s for those two compounds must be greater than or equal to 0.010, 
and the %RSD of those two compounds must be less than or equal to 40.0% for the initial 
calibration to be acceptable. 
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8. If the five-point does not meet criteria, check to see if a standard needs to be rerun. The 
standards could have been added at the wrong amount or the purge may have been bad. If 
reanalyzing a standard will not solve the problem, contact your supervisor. It could be related 
to purge chambers, multiplier, flows, etc. 

9. If the five-point does meet criteria, and there is time remaining in the 12-hour time period, 
samples may be run. The Wppb Standard’s response factors are used to calculate the 
concentrations in samples of TCL (Target Compound List) compounds. 

VIII. CONTINUING CALJBRATION 

1. A continuing calibration of the GC/MS uses the same EPA traceable standards, but at only 
one level. This level is 50ppb. The analysis is performed in the same manner as stated before 
the initial calibration. The continuing calibration checks the same CCC and SPCC compounds 
as the initial calibration. The CCC compounds must have a %Difference (%I)) of less than 
25% . 

2. This CCC criteria, as well as the SPCC criteria, is shown in Tables 8 & 9. The operator is 
ahowed to have two items out of limits, either minimum RRF or Maximum ‘% Difference. 
However, the RRF’s for those two compounds must be greater than or equal to 0.010, and 
the % Difference must be less than or equal to 40.0% for the continuing calibration to be 
acceptable. 

3. If the criteria is not met, the standard must be rerun. It is possible it was not prepared 
correctly, or that there was a bad purge. However, if the second standard still doesn’t meet 
criteria, an initial calibration must be run or corrective action must be performed. 

4. The continuing calibration is performed after BFB. 

1x. QC SAMPLES 

A. Method Blank 
1. The method blank is analyzed once the calibration has been met, whether it be an initial 

or continuing calibration. The method blank, called the “VBLK”, consists of loading a 
syringe with 5mL of reagent water spiked with 1OpL of Internal Standard; and 10t,~L of 
Surrogate which yields a concentration for both of 50 ppb. It is used to establish the 
analytical curve by taking into account any background responses during the calibration 
process. It is also used to check for carryover contamination after a standard run or after 
a contaminated sample run. 

2. An acceptable blank must meet the internal standard criteria stated in the “Sample 
Analysis” section and the surrogate recoveries in Table 4. It must also contain less than 
or equal to five times the Contract Required Quantitation Limits (CRQL) of Methylene 
Chloride, Acetone, and 2-Butanone. For all other TCL compounds, the blank must 
contain less than or equal to the CRQL of any single TCL analyte. 

3. If a blank exceeds this criteria, corrective measures must be taken immediately. This 
action first consists of immediately reanalyzing the blank. If it still exceeds criteria, 
consult your supervisor immediately. 
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B. L,aboratory Control Spike (LCS) 
1. 

2. 

3. 

4. 

The Laboratory Control Spikes (LCS) is the last analysis of the calibration sequence. It 
is used as an internal QA/QC check. The LCS is analyzed daily following the method blank 
to check the proficiency of the analysis in terms of working standards preparation, to 
monitor standard degradation, and to check traceability of the prepared standards from 
commercial reference materials to EPA reference materials. These results are also used 
to create our laboratory control charts. 

It consists of loading a syringe with 5 mL of reagent water spiked with 10 ML of Internal 
Standard, 1Op.L of Surrogate, and 1OpL of Matrix Spike. This yields a final concentration 
for all three standards of 50 ppb. 

The LCS compounds and their limits may be found in Table 6. The LCS must meet these 
limits, as well as the surrogate and internal standard criteria. If these criteria are not met, 
corrective action must be taken immediately. This includes rerunning the LCS. If the 
compounds are still out of limits, a new standard should be prepared. LCS limits are 
advisory like Matrix Spike Compounds, but since they are internal QC limits set forth by 
our laboratory, every effort should be made to meet these limits. 

The LCS/LCSD are not analyses required by the method. These analyses, however, are 
used to set internal QC limits and are submitted to clients that do not request and/or assign 
MS/MSDs. 

A. Water Samples 
1. Note any headspace in the bottle before opening. Open the sample bottle ,which has been 

allowed to come to ambient temperature, and carefully fill the sample into the syringe 
barrel to just short of overflowing, and adjust the sample volume to 5.0 m.L. This process 
of taking an aliquot destroys the validity of the sample for future analysis. Care must also 
be taken to prevent air from leaking into the syringe. 

2. Add 10 PL of the Surrogates spiking solution and 10 PL of the internal standard spiking 
solution through the valve bore of the syringe. The Surrogates and internal standards may 
be mixed and added as a single spiking solution to 5 mL of sample, and i.s equivalent to 
a concentration of 50 &L of each Surrogates standard. 

3. Water samples are loaded in the following manner to ensure the proper sample is placed 
into its designated purge chamber on the Tekmar Autosampler: 

a. A test tube rack is filled with the samples’ 40 mL VOAvials. The syringes to be used 
are placed in front of the samples. 

b. All sample purge tubes are labeled with the SWLO ID number and autosampler 
position. Each analyst verifies as he/she loads each sample into the purge chambers 
that the srnge matches the ID on the purge tube. 

Follow the same purging method as stated during calibration.. 

4. For water samples requiring matrix spike and matrix spike duplicates, ad.d 10 PL of the 
matrix spike solution to the 5 mL of the sample to be purged. Disregarding any dilutions, 
this is equivalent to a concentration of 50 pg/L of each matrix spike standard. 
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5. Once the sample aliquots have been taken from the VOA vials, the pH of the water 
samples are determined and logged onto a pH log (figure 2.) The purpose of the pH 
determination is to ensure that all VOA samples were acidified in the field. Test the pH 
by placing one or two drops of sample on pH paper and record it on the log. This data is 
reported by placing the log directly behind the SDG Case Narrative in the data package. 

B. Soil Sample Analysis - Low Level 
1. The low level method is based on purging a heated sediment/soil mixed witlh reagent water 

containing the wrrogate and internal standards. 

2. The sample (for volatile organics) consists of the entire contents of the sample container. 
Do not discard any supematant liquids. Mix the contents of the sample with a narrow 
spatula. Weigh the sample into a disposable test tube. Use 5 grams of sample, unless a 
dilution is required in which 1 - 4 grams of sample is used. Use a top loading balance. Note 
and record the actual weight to the nearest O.lg. 

3. Immediately after weighing the sample into the test tube, load it onto the Tekmar ALS. 
Remove the plunger from a 5 mL Luerlock syringe and fill to overflowing with reagent 
water. Replace the plunger and compress the water to vent trapped air. Adjiust the volume 
to 5.0mL. Add 10 PL each of the surrogate spiking solution and the internal standard 
solution to the syringe. This addition to the soil is equivalent to SO&Kg of each standard. 
Add this spiked reagent water to the test tube. Heat the sample to 40°C and begin purging. 
The samples follow the same purge method as stated in the calibration. 

4. For soil samples requiring matrix spike and matrix spike duplicates, add 10 FL of the 
matrixspike solution to the 5 mLof the reagent water being added to the soil. Disregarding 
any dilutions, this is equivalent to 50 pg/Kg of each matrix spike standard. 

C. Soil Sample Analysis - Medium Level 
1. The medium level method is based on extracting the sediment/soil sample with methanol. 

An aliquot of the methanol extract is added to reagent water containing the internal 
standards. The surrogate is spiked directly into the extract, thus making the addition 
directly into the reagent water unnecessary. The samples are purged at ambient temperature. 
If peaks are saturated or compounds are out of linearity range at lg, the medium level 
extract is the next dilution needed. 

2. The medium level extract is prepared by weighing 4g of the sample into the scintillation 
vial. Use a top loading balance. Note and record the actual weight to the nearest O.lg. Add 
9900 PL of methanol and 100 PL of the surrogate standard. Cap and shake by hand for 
2 minutes. The extract should be made up quickly in order to avoid loss of volatile 
organics. 

3. The sample is loaded in the following manner. Fill a syringe just short of overflowing, and 
adjust the sample volume to 4.9mL. Adjust the plunger to 5mL to allow for the addition 
of the extract and standards. Add 10 PL of internal standard solution. Also add the 
volume of the methanol extract and the volume of methanol, if needed, to total 100 pL. 

4. Load the sample into the purging device (Tekmar) and follow the same purging method 
as stated during the calibration. 

5. For samples requiring matrix spike and matrix spike duplicates, prepare an extract in the 
same manner as stated above, but add only 9800 PL of methanol, 100 btL of medium 
concentration surrogate, and 100 PL of medium concentration matrix spike solution. 
Load and analyze them in the same manner as the samples. 
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6. Samples requiring medium level extractions are analyzed by a water calibration. If both 
waters and medium level soils are both ran under the same calibration, a method blank 
for each matrix is required. 

7. The method blank for medium level soils must be analyzed in the same manner as waters, 
but it is prepared differently. The method blank consists of a 4g purified solid matrix spike 
with the surrogates made up to a total volume of 10 mL. An acceptable blank muat contain 
less than or equal to five times the CRQL of Methylene Chloride, Acetone, and 
2-Butanone, and less than or equal to the CRQL of any other volatile target compound. 
It must meet criteria or corrective action must be taken immediately. 

8. With all matrices, all dilutions should keep the response of the major constituents 
(previously saturated peaks) in the upper half of the linear range of the curve. 

9. An estimated concentration for Non-TCL components tentatively identified shall be 
quantified by the internal standard method. For quantification, the nearest internal 
standard free of interferences shall be used. 

10. The formula for calculating concentrations is found in Table 13. Total area counts from 
the total ion chromatograms are to be used for both the compound to be measured and 
the internal standard. A response factor (RF) of one (1) is to be assumed. The value from 
this quantitation shall be qualified as estimated. This estimated concentration should be 
calculated for all tentatively identified compounds as well as those identified as unknowns. 

11. Xylenes (o,m, gi p - isomers) are to be reported as total Xylenes. The concentration of 
all Xylene isomers must be added together to give the total. 

12. All soil samples must have their percent moisture determined. This is performed by the 
Extractions Department and submitted to the Volatiles Data Clerk for reporting. The 
percent moistures may also be obtained from the LIMS database. 

XI. AfUAlYSfS/RRPORT CRITERIA 

A. A sample is acceptable when it meets the following criteria: 
1. The internal standards’ EICP areas are within a factor of 2(-50%/+ ‘100%) of the 

calibration’s internal standards. 

2. The internal standards’ retention times are within +/-30 seconds of the calibration’s 
internal standards. 

3. Surrogate recoveries are within the limits stated in Table 4. 

4. Any TCL compounds found in the sample are within the linearity range, witlh any dilutions 
showing compounds in an acceptable range of linearity. If a sample analysis contains any 
target compounds above the linear range, all subsequent samples will be: reviewed for 
those target compounds. The target compounds must be below CRQL to be acceptable; 
otherwise they must be reanalyzed. 

5. Chromatogram shows no signs of carryover or instrument deficiencies. 

B. If sample does not meet internal standards’ or surrogates’ criteria, it must be reanalyzed. If 
the reanalysis meets all criteria, it is submitted. If the reanalysis duplicates the results from 
the first analysis, both analyses are submitted. 
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C. A sample report is complete when it contains all of the following in order: 
1. Chromatogram 
2. Quant Report 
3. Manual Integrations 
4. Spectra of any TCL compounds, excluding internal standards and surrogates. 
5. Tentatively Identified Compounds (TICS) 
6. Internal Standards/Surrogates 

XII. DATA ARCHVAl. . . 

A. Instrument data is stored in two separate locations before being archived to ensure data does 
not become erased or corrupt. Data is stored on both the instrument’s Chemstation and the 
Unix-based proeessing system, Data is archived from the Unix-based q&em using the “TAR” 
format onto 60 M DAT tapes. No more than two months worth of data is amhived onto the 
same tape. Once a tape contains two months of data, a tape directory is printed and bound 
for permanent storage. Each tape is labeled with the instrument ID and the date range of data 
contained on the tape. 

XIII. RRFRRRJWES 

A. U.S. EPA Contract Laboratory Program Statement of Work (SOW) for Organic Analysis, 
OLMO1.0, March, 1990, and OLM01.8, Revision. 
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VOLATILES CC/MS RUN LOG VOnLATllES CC/MS 
DEPARTMENT 

SWOK / AATS 

Iy 
TUNE FILE ID: METHOD FILES 

INSTRUMENT: DATE -e-p- 

CB/IO FILE lo: ARCHIVE TAPE t: ----- 

Tima 
Sy&W# 

Vol. *’ 
IS Surf. Lin. 

File P Climll ID Am Rw. Chk. Cornmanta 

- 

Analyst Signature --- 

SWL/AATS l 1700 WFSI ALIWNV l BROKEN AKROW, OK 74012 [VCMOOK04S~2-01] 

FIGURE 1 
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Volatiles CC/MS pH Log 

CASE SAS SDG# 

COMMENTS:- -- 

---- 

SOUTHWEST LABORATORY OF OKLAHOMA, INC. * AMERICAN ANAWKAL & TECHNW SERVICES,& 
1700 WEST ALBANY - BKOK~N ARROW, OK 74012 * OFFICC (918) 251-2858 l FAX (918) 251-2599 [VGMGQl Cl492-olI 

FIGURE 2 
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Characteristic Ions for System Monitoring Compunds and 
Internal Standards for Volatile Organic Compounds 

Compound Primary Ion Secondary E,$u,(s) I 
SURROGATES 
4-Bromofluorobenzene 
1,2-Dichloroethane d-4 
Toluene d-8 
INTERNAL STANDA.RDS 

Bromochloromethane 
1,4-Difluorobenzene 
Chlorobenzene d-5 

95 1.74, 176 

;z 
1.02 
70, 100 

128 49, 130, 51 
11.4 63, 88 
117 82. 119 1 

TAMS 2. 
Characteristic Ions for Volatile TCL Compounds 

Parameter Primary Ion Secondary Ion(s) 

Chloromethane 50 
Bromomethane ii; 
Vinyl chIoride z4 
Chloroethane iI 2 
Methylene chloride 49, 51, 86 
Acetone 43 58 
Carbon disulfide 76 78 
1,1-Dichloroethene 96 61, 98 
1,1-Dichloroethane 63 65, 83, 85, 98, 100 
1,2-Dichloroethene (total) 96 61, 98 
Chloroform 83 85 
1,ZDichloroethane 62 64, 100, 98 
2-Butanone 43* 57, 72 
l,l,l-Trichloroethane 97 99, 117, 119 
Carbon tetrachloride 117 119, 121 
Bromodichloromethane 83 85, 129 
1,1,2,2-Tetrachloroethane 83 85, 131, 133, 166 
1,2-Dichloropropane 63 65, 114 
trans-1,3-Dichloropropene 75 77 
Trichloroethene 130 95, 97, 132 
Dibromochloromethane 129 208, 206 
1,1,2-Trichloroethane 97 83, 85, 99, 132, 134 
Benzene 78 
cis-1,3-DichIoropropene 75 77 
Bromoform 173 171, 175, 250, 252, 254, 256 
2-Hexanone 43 58, 57, 100 
4-Methyl-2-pentanone 43 58, 100 
TetrachIoroethene 164 129, 131, 166 
Toluene 91 92 
Chlorobenzene 112 114 
Ethyl Benzene 106 91 
Styrene 104 78, 1013 
Total Xylenes 106 91 

*The 43 ion is used for quantkation, but the 72 ion must be 
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TABLE 3. 
BFB Key Ions and Abundance Criteria 

Mass 

50 
9’; 

Ion Abundance Criteria 

8.0 - 40.0 percent of mass 95 
30.0 - 66.0 percent of mass 95 
base peak, 100 percent relative abundance 

96 5.0 - 9.0 percent of mass 95 
173 less than 2.00 percent of mass 174 
174 50.0 - 120.0 percent of mass 95 
175 4.0 - 9.0 percent of mass 174 
176 93 - 101.0 percent of mass 174 -’ 
177 5.0 - 9.0 percent of mass 176 

Fraction Surrogate Water Soil 

Volatile Toluene-ds 88-110 84-138 
Volatile 4-Bromoflourobenzene 86-l 15 59-113 
Volatile 1,2-Dichloroethane-d4 76-114 70-121 

TMui 5. 
Matrix Spike Recovery Limits 

Fraction Matrix Spike Compound Water Soil I 
Volatile l,l-Dichloroethene 61-145 59-172 
Volatile Trichloroethene 71-120 62-137 
Volatile Chlorobenzene 75-130 60-133 
Volatile Toluene 76-125 59-139 
Volatile Benzene 76-127 66-l 42 
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LCS Recoveries - New Protocol 

Compound Soil QC Limits Water QC Limiits 

Acetone ..................................................... 60-167 ............................................ 50-176 
Bromodichlorometlhane .......................... 62- 150 ............................................ 67-134 
Benzene .................................................... 67- 139 ............................................ 74-133 
Bromoform .............................................. 49-154 .......................................... ..46-14 9 
Bromomethane ........................................ 39-167 ............................................ 39-167 
Chlorobenzene ........................................ 72-130 ............................................ 72-128 
Carbon Disuifide ..................................... 58-112 ............................................. 55-138 
cis-1,2-Dichloroethene ........................... 81-115 ............................................ 77-128 
cis-1,3-Dichloropropene ........................ 63-124 ............................................ 68-134 
Chloroethane ........................................... 70-14.5 ............................................. 63-142 
Chloroform .............................................. 41-140 ............................................. 78-124 
Chloromethane ........................................ 69-141 ............................................. 21-169 
Carbon Tetrachloride ............................. 71-162 ......................................... ... 69-132 
Dibromochloromethane ......................... 54-152 ............................................. 62-138 
1,1-Dichloroethene ................................. 46-160 ............................................. 54-161 
1,2-Dichloropropane .............................. 66- 144 ............................................ 67-141 
Ethylbenzene ........................................... 83-117 ............................................ 82-121 
2-Hexanone .............................................. 35-165 ............................................ 26-194 
Methylene Chloride I ................................ 60-125 ............................................ 76-134 
4-Methyl-2-Pentanone ............................ 47-157 ............................................ 33- 195 
o-Xylene ................................................... 82-117 ............................................ 80- 127 
Styrene ...................................................... 80-120 ............................................ 78- 123 
Trichloroethene ....................................... 64-142 ............................................ 73- 131 
trans-1,2-Dichloroethene ....................... 75-l 17 ............................................ 75- 128 
trans-1,3Dichloropropene ...................... 46-138 ............................................ 45-‘166 
Toluene ..................................................... 74- 130 ............................................ 75- 130 
Tetrachloroethene ................................... 71-147 ............................................ 75-.147 
Vinyl Chloride ......................................... 35-150 ............................................ 37-l55 
l,l-Dichloroethane ................................. 68- 117 ............................................. 76-130 
l,l,l-Trichloroethane ............................. 75-158 ............................................. .71-:130 
1,1,2,2-Tetrachloroethane ..................... 45-158 ............................................... 38-:158 
2-Butanone ............................................... 54-158 ............................................. 40-l79 
1,2-Dichloroethane ................................. 84-141 ............................................ 79-124 
l,l,ZTrichloroethane ............................. 53-147 ............................................. 64-144 
m,p-Xylene ............................................... 81-125 ............................................ 55-l51 
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TABLE 7. 
Volatile Internal Standards with Corresponding 

TCL Analytes Assigned for Quantitation 

Bromochloromethane 1,4-Difluorobenzene Chloroben,zene-ds 

Chloromethane l,l,l-Trichloroethane 
Bromomethane Carbon Tetrachloride 
Vinyl Chloride Bromodichloromethane 
Chloroe thane 1,Zdichloropropane 
Methylene Chloride trans-1,3-Dichloropropene 
Acetone Trichloroethene 
Carbon Disulfide Dibromochlokmethane 
1,1-Dichloroethene 1,1,2-Trichioroethane 
l,l-Dichloroethane Benzene 
1,ZDichloroethene (taltal) cis-1,3-Dichloropropene 
Chloroform Bromoform 
1,2,-Dichloroethane 
2-Butanone 
1,2-Dichloroethane-d&ystem Monitoring Compound) 

2-Hexanone 
4-Methyl-ZPentanone 
Tetrachloroethene 
1,1,2,2-Tetrachloroethane 
Toiuene 
Chlorobenzene 
Ethylbenzene: 
Styrene 
Xylene (total) 
Bromofluorolbenzene 

(Sys. Monitoring Comp. 
Toluene-ds (System 

Monitoring Compound: 

TA8L8 8. 
Relative Response Factor Criteria for Initial and 

Continuing Calibration of Volatile Organic Compounds 

Volatile 
Compound 
Bromomethane 

Minimum Maximum Maximum 
RRF %RSD %Diff 
0.100 20.5 25.0 

Vinyl chloride 0.100 20.5 25.0 
1,1-Dichloroethene 0.100 20.5 25.0 
1,1-Dichloroethane 0.200 20.5 25.0 
Chloroform 0.200 20.5 25.0 
1,2-Dichloroethane 0.100 20.5 25.0 
l,l,l-Trichloroethane 0.100 20.5 25.0 
Carbon tetrachloride 0.100 20.5 25.0 
Bromodichloromethane 0.200 20.5 25.0 
cis-1,3-Dichloropropene 0.200 20.5 25.0 
Trichloroethene 0.300 20.5 25.0 
Dibromochloromethane 0.100 20.5 25.0 
1,1,2-Trichloroethane 0.100 20.5 25.0 
Benzene 0.500 20.5 25.0 
trans-1,3-Dichloropropene 0.100 20.5 25.0 
Bromoform 0.100 20.5 25.0 
Tetrachloroethene 0.200 20.5 25.0 
1,1,2,2-Tetrachloroethane 0.500 20.5 25.0 
Toluene 0.400 20.5 25.0 
Chlorobenzene 0.500 20.5 25.0 
Ethylbenzene 0.100 20.5 25.0 
Styrene 0.300 20.5 25.0 
Xylenes (total) 0.300 20.5 25.0 
Bromofluorobenzene 0.200 20.5 25.0 

I, 
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TABLE 9. 
Minimum Relative Response Criteria for Initial and 

Continuing Calibration of Volatile Organic Compounds 

Acetone 1,2-Dichloropropane 
2Butanone 2-Hexanone 
Carbon disulfide Methylene chloride 
Chloroethane 4-Methyl-2pentanone 
ChIoromethane Tohme-ds 
1,2-Dichloroethene (total) 1,2-Dichloroethane-d4 

.I 

TABLE 10. 

Target Compound List (TCL) and 
Contract Required Quantitation Limits (CRQL) 

Quanthtlon Limits 
Water Law lGO?hdiimeni 

Volatiles CAS Number P$/L lwml 

1. ChIoromethane 74-87-3 10 10 
2. Bromome thane 74-83-9 10 
3. Vinyl Chloride 75-01-4 :: 
4. Chloroethane 75-00-3 :i 
5. Methylene Chloride 75-09-2 10 :i 
6. Acetone 67-64- 1 10 
7. Carbon Disulfide 75-15-o 

iI 
:i 

8. 1,1-Dichloroethene 75-35-4 9. l,l-Dichloroethane 75-34-3 t; 

10. 1,2-Dichloroethene (total) 540-59-O 10 11. Chloroform 67-66-3 :i 

12. 1,2-Dichloroethane 107-06-2 f iI 13. 2-Butanone 78-93-3 10 :: 

14. l,l,l-Trichloroethane 71-55-6 15. Carbon Tetrachloride 56-23-5 :: :: 

16. Bromodichloromethane. 7527-4 17. 
crs-1,3-Dichioroproperre l?ZDichIoropropane 

78-87-5 :i f i 
19. 10061-01-5 10 
20. Trichloroethene 79-01-6 10 :: 

21. Dibromochloromethane 124-48-l 22. 1 ,l ,ZTrichloroethane 79-00-5 :z :; 
23. Benzene 71-43-2 10 10 

24. 10061-02-6 10 25. trans-1,3,-Dichloropropene Bromoform 75-25-2 :i 
26. 4-Methyl-2-Pentanone 108-10-l :t 
27. 2-Hexanone 591-78-6 10 i; 

28. Tetrachloroethene 127-18-4 10 
29. 1,1,2,2-Tetrachloroetha.ne 79-34-5 

:t 

30. ChIorobenzene 108-90-7 
:z 

31. 
32. 

Ethyl Benzene 100-41-4 10 :; 
Styrene 100-42-5 10 

33. Xylenes (Total) 1330-20-7 10 :: 
34. Toluene 108-88-3 10 10 

*Medium Soil/Sediment Contract Re 
compounds are 125 times the individual Low 

uired Quantitation Limits (CRQL for Volatile TCL 
4s oil/Sediment CRQL and recorde d to two significant 

figures. 
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TABLE 11. 

Standards Preparation 

Begin Final Volume 
Cont. Aliquot Total Cont. to be 

Compound or Standard Mix fig/mL CCL Vol. EcglmL used 

Restek Internal Standard1 

-. VOA Internal Std. Mix 2,500 200 20 mL 25 lO&SmL 

Restek Surrogate 

VOA Surrogate Spike .Mix 2,500 200 20 mL 25 lOpL/SmL 

Restek Calibration Mix 

VOA Calibration Mix U 5,000 100 25 

VOA Calibration Mix 12 2,000 250 

VOA Calibration Mix :3 2,000 250 

VOA Calibration Mix 4 2,000 250 

VOA Calibration Mix 5 2,000 250 

* Trichlorofluoromethane 5,000 100 

* 1,3-Dichlorobenzene 5,000 100 * 1,4-Dichlorobenzene 5,000 100 I 

25 

2s 

25 

20 mL 25 1 OpL/SmL 

25 

25 

25 

* 1,2-Dichlorobenzene 5,000 100 25 

* 2Chloroethyl Vinyl ether 10,000 5 2mL 25 10pWSmL 

Restek VOA Matrix Spike Mix 2,500 40 4mL 25 lOpL/SmL 

MEDIUM LEVEL SOIL ,SPIKES 

Restek VOA Surrogate Spike Mix 2,500 500 5 mL 250 lOO@/lO mL 

Restek Matrix Spike Mix 2,500 500 5 mL 250 lOOpL/lOmL 

* Compound contained in calibration standard, but not required by OLMO1.8 protocol. 
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TABLE I2 
Instrument Paramenters 

INSTRUMENT 

PARAMETERS C I K L N R U 

Tune File 

Method Files 

Sojiware 

Data System 

KTUNE ITUNE LANTUNE NTUNE RTUNE UTUNE 
BFB BFB IBFB BFB BFBN BFBR BFBU 
VOA VOA IVOA VOA VOAN VOAR VOAU 

Target 3.0 1 Target 3.0 Target 3.X Target 3.0 Target 3.0 Target 3.10 Target 3.0 

Tekmar LCS 

2000 Method 

Stand@ 

Purge 

Preheat 

Sample 

Desorb Prehea t 

Desorb 

Bake 

Auto Drain 

Bake Gas 

Bypass 

BGB Delay 

Valve 

Line 

Mount 

Aur Heaters 

2016 Valve 

Line 

2032 Valve 

Line 

Purge Pressure 

(PSO 

1 1 1 1 1 1 1 
30°C 30°C 30°C 30°C 30°C 30°C 30°C 

8 min. 8 min. 8 min. 8 min. 8 min. 8 min. 8 min. 
- - - - - - - 

- - - - - - - 

175°C 175°C 175°C 175°C 175°C 175°C 175°C 
4 min/l8O”C 4 min/l80”C 4 min/l8O”C 4 mirdl80”C 4 min/l80”C 4 min/ltlO”C 4 min/l80”C 
4 min/22J”C 4 min/225”C 4 min/225”C 4 min/225”C 4 min/22S”C 4 min/225”C 4 min/225”C 

On Off Off On Off Off Off 

Off On On Off On On On 
- - - - - - - 

185°C 150°C 150°C 100°C 150°C 150°C 150°C 
200°C 200°C 150°C 150°C 200°C 200°C 200°C 

45°C 40°C 4OT 40°C 40°C 40°C 40°C 
- - - - - - - 

165°C 150°C 150°C 150°C 150°C 150°C 150°C 
150°C 175°C 150°C 150°C 175°C 175°C 175°C 

150°C 150°C 150°C 150°C 150°C 150°C 150°C 
150°C 175°C 150°C 150°C 175°C 175°C 175°C 

20 20 20 20 20 20 20 
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TABLE 13. 
Response Factor and Concentration Calculation 

RF= (i4X)(ciS) and concx = (Ax) (Cis) 
i;% ) (Cc) (4s) (RF,) 

where: 
AX = Area of characteristic ion for the measured compound. 
Ai, = Area of the characteristic ion for the specified internal standard 
Cis = Concentration of the internal standard (q&L) 
CX = Concentration of the measured compound (ng.+L) 
RF, = Response Factor of the measured compound. 

Surrogate Recovery: 

% Surrogate Recovery = x 100% 

where: 
Qd = Quantity determined by analysis 
Qa = Quantity added to sample 

Matrix Spike Recovery and RPD: 

Matrix Spike Recovery = SSR - SR x 100 
SA 

Where: 
SSR = Spiked Sample Result 
SR = Sample Result 
SA = Spike Added 

Matrix Spike RPD = IMSR - MSDRI x 100 
(‘/‘z)(MSR + MSDR) 

Laboratory Control Spike (LCS) Recovery: 

LCS Spike Recovery = SSR - SR x 100 

Where: 
SSR = Spiked Sample Result 
SR = Sample Result 
SA = Spike Added 

SA 
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I. SUMMARY 

A. Method Summary 

1. A measured volume of sample or a measured weight of sample (soil/sediment) is extracted 
with methylene chloride. For water samples the pH is adjusted, if needed, to 2. The 
methylene chloride extract is dried and concentrated to avolume of l.Oml. Clhromatographic 
conditions are described which permit the separation and measurement of the parameters 
in the extract. Qualitative identification is performed using the retention time and the 
relative abundance of three characteristic ions. Quantitative analysis is performed using 
internal standard techniques with a single characteristic ion. 

.I 

II. GC/MS ANALYSIS OF EXTRACTABLES (EASWNEUTRALJ AND ACIIES) 

A. GCIMS System 

1. Column - 30 m x 0.25 mm ID (or 0.32 mm) bonded-phase silicone coated fused silica 
capillary column (J & W Scientific DB-5 or equivalent). A film thickness of 1.0 micron is 
recommened because of its larger capacity. A film thickness of 0.25 microns may be used. 

2. GC/Mass Spectrometer - capable of scanning from 35 to 500 amu every :t second or less, 
utilizing 70 volts (nominal) electron energy in the electron impact ionization mode and 
producing a mass spectrum which meets all required criteria when 50 ng of 
decafluorotriphenylphosphine (DFTPP) is injected through the GC inlet. 

NOTE: DFTPP criteria (QAIQC SOP) must be met before any sample extracts and/or 
standards are analyzed. 

B. Reagents 

1. Internal Standards -1,4-dichlorobenzene-d4, napthalene-ds, acenaphthene-dlO, 
phenanthrene-dtc, chrysene-dtz, perylene-dlp An internal standardsolution. can be prepared 
by dissolving 100 mg of each compound in 50 ml of methylene chloride. The resulting 
solution will contain each standard at a concentration of 2OOOng&L. A 10pLportion of this 
solution should be added to each 1 mL of sample extract. This will give a concentration of 
40 ng/2 FL of each constituent. 

C. CC/MS Operating Conditions 

1. The following instrumental parameters are required for all performance tests and for all 
sample analyses: 

a. Electron Energy:70 volts (nominal) 

b. Mass Range: 35 to 500 amu 

c. Scan Time: 1 second per scan 
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D. Calibration 

1. An Initial Calibration must be performed prior to the analysis of any samples and blanks, 
and after the DFI’PP performance check criteria has been met. The concentration of the 
initial calibration standard 20,50,80,120,160 ng/&L injection. The calibration must be 
checked against the criteria outlined in Table 8, with allowance for up to four target and 
surrogate compounds. If time remains in the 12 hour time period after the initial calibration 
has been performed, samples may be analyzed. Quantify the samples using the response 
factors from the 50 ng&L standard. 

2. A continuing calibration must be analyzed each 12 hour time period to check. the calibration 
curve. The criteria in Table 8 must be met prior to the analysis of any blanks or samples, and 
after the DFTPP Performance Check. As with the initial calibration, up to four target 
compounds may fail the criteria. The concentration of the continuing calibration standard 
is 50 &&L. 

E. Sample Analysis 

1. Sample extracts from the Sample Extraction/Analysis Log (figure 1) are logged into the GC/ 
MS section using the GUMS Extract Receipt Log (figure 2). Internal standard solution is 
added to each simple extract. For water and/or medium soil extracts, add 1OpL of internal 
standard solution to each accurately measured l.OmLof sample extract. Analyze the l.OmL 
extract by GUMS using a bonded-phase silicone-coated fused silica capillary column. The 
recommended GC operating conditions to be used are as follows: 

a. Initial Column Temperature Hold: 40°C for 1 minutes 

b. Column Temperature Program: 40-300°C at IlC/min. 

C. Final Column Temperature Hold: 300X for 5 minutes 

d. Injector Temperature: 28OaC 

e. Transfer Line Temperature: 380X 

f. 

ts 

h. 

Source Temperature: according to manufacturer’s spec:ifications 

Injector: Grob-type, splitless 

Sample Volume: 2 FL 

F. Daily Semivolatile Labomtory Procedures 

1. Take out standards and extracts from refrigerator and set out to equilibriate to room 
temperature. 

2. The operator wlho removes the standards is also responsible for recording the temperature 
of the refrigerattor into the temperature log. 
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3. Check the data (surrogate recoveries, internal standard areas linearity) :for all of the 
samples analysed on the previous day. Complete the instrument log (figure 3). The details 
of the QC criteria are described in the SOP attached. The raw data for all of .the go,od data 
alongwith DFIPP andcalibrations should be kept in “black bins”. Compiete the instrument 
nm log. 

4. Make a list of all reanalysis and reextractions. Fill out corrective action form (Figure 4) and 
get it approved by your supervisor and send the form to extration lab for further action. 

5. Change the septum and liner. Check for air leaks. 

6. Inject 50 ng DFTPP. Check the spectrum by averaging IS 1 and background subtracting. If 
the spectrum meets the criteria, therrproceed further. If the criteria is not met, then 
reanalyze DFTPP or retune the instrument with PFTF3A and reanalyse DFTPP. If problem 
still exists, then check with your supervisor for cleaning of the source. Make a RR file for 
DFI’PP (RR,>datafile,,,=390D,,!P). 

7. While the standard is running, makeup a batch file sequence for the samples to be analysed. 
Record all of the samples on the instrument run log. 

8. Add 1OpL of internal standard mix (2000ppm) to 1 mLof sample extract. Mark the septum 
of thevialwith blue ink to indicate that the internal standard has been added. Take out about 
100 PL in the autosampler vial and seal the vial. The sample extract is ready for injection 
by autosampler. 

9. Load the autosampler making sure that the extract is placed exactly in the same location as 
reported in the selquence file. Make a hard copy of the sequence file to check that all of the 
header informati’on is correct. 

10. Setup to run “FITIC” program to run “TICS” for the samples analysed on lprevious day. 

11. Replace the standards and sample extracts exactly in the same place in the :refrigerator. 

12. Tables 1 through 10 give a quick reference to the QC requirements. 

G. Quantihztion 

1. TCL components identified shall be quantified by the internal standard method. The 
internal standard used shall be the one nearest the retention time to that of a given analyte. 
The EICP area of characteristic ions of analytes listed in Tables 4,5, and 6 ;are used. The 
response factor (RF) from the daily standard analysis is used to calculate the concentration 
in the sample. Secondary ions may be used if interferences are present. The area of a 
secondary ion cannot be substituted for the area of a primary ion unless a response factor 
is calculated using the secondary ion. 
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2. Calculate the concentrationin the sample using the response factor (RF) and the following 
equation: 

a. Water 

Concentration (cl@) = (4) (1s) (Vt) m 

(4s) tRF) Po) PiI 

= Area of the characteristic ion for the compound to be measured. 
= Area of the characteristic ion for the internal standard. 

& = Amount of internal Standard injected in nanograms (ng). 
vo = Volume of water extracted in millimeters (mL). 
vi = Volume of extract injected (&L). 
vt = Volume of concentrated (FL) extract. 
Df = Dilution factor. If no dilution is performed, Df = 1.0 

b. SedknentlSoil 

Concentration &Kg) = (4 (Is) (Vt) wlP~0) 

(4s) CRF) PiI Cws) CD) 

(Dry ‘weight basis) 
Ax, I,, &=Same as given for water, above. 
vt = Volume of low level concentrated extract. 
vi = Volume of extract injected (CCL). 
D = 100 - % moisture 

100 
ws = Weight of sample extracted (grams). 
Df = Dilution factor. If no dilution is performed, Df = 1.0. 

3. The factor of 2.0 is used to account for extract not recovered from the GPC cleanup. 

4. An estimated concentration for Non-TCL components tentatively identified shall be 
quantified by the internal standard method. For quantification, the nearest internal 
standard free of interferences shall be used. 

5. Calculate surrogate standard recovery on all samples, blanks and spikes. Determine if 
recovery is within limits and reoprt on appropriate form. 
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RI. OPERATOR DATA VALIDATION, GC/MS DEPARTMENT 

A. Operator Yalidbtion Tasks 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

Label the internal standards and surrogates on the total ion chrornatograms, with 
abbreviations IS-l, SS-Al, SS-Bl, etc. 

Verify that surrogate recoveries are within the limits listed in Table 2 and enter values on 
the appropriate surrogate recovery forms. (Form II). 

Output dual display for TCL compounds and library search (ESFLS or FITIC) for non-TCL 
compounds. 

After output of the library search for the non-TCL compounds, account fo:r all major peaks 
in the chromatogram (as either TCL compuond or non-TCL compound). 

Complete the instrument log entirely on daily basis. (Copies of logbook pages are sent to 
EPA, they must be complete). 

Complete forms V (DFI’PP) including the analyses performed versus a particular DFI’PP 
tune. Percent abundances must be recorded using three significant figures. 

Verify that matrix spike compounds are within the limits listed in Table 3 and record values 
on the matrix spike sumary form (Form III). 

Verify that the:re are no saturated TCL Compounds in the run. 

Verify that all, internal standard areas are within a factor of two of the most recent 
continuing calibration areas. 

10. After data review has been completed, make up the appropriate files to b’e transferred to 
the PC for disk:ette deliverables. The files made up and their names must be written in the 
instrument logbook at the top where it says “other” below the header information. 

11. Hard copies of all the manual integrations must be submitted along with the raw data. 

12. Make copies of Initial and Continuing Calibration as the calibration may be used for several 
cases and file them away in your QC file cabinet for the appropriate month. 

13. Complete the extraction logs for BNA runs. Initials, date of analysis and (QLF. 

B. Remedial Action If Criteria Are Not Met. 

1. If peaks are saturated, the sample must be diluted and reanlyzed. If saturation still persists, 
the sample must be extracted at a higher level (i.e. medium) and reanalyzed. (IS intensities 
should be at least 20% or greater in the sample for correct dilution). 

2. If a sample is analyzed at medium level, matrix spike and blanks analyses must also be 
performed for that level. 

3. If a surrogate recovery for semivolatiles in any sample is less than lo%, the sample must be 
reextracted and reanalyzed. If two acid surrogates or two base surrogates are out of spec in 
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any sample, the sample must be reextracted and reanalyzed. Before a sample is reextracted, 
make sure your surrogate spike check is analyzed to ensure that there are no1 problems with 
the spiking solution itself. No surrogates can be out of the criteria limits for VOAs or for 
the blanks for semivolatiles. 

IV. INSTRUMENT MAINTENANCE 

A. Maintenance Schedule 

1. 

2. 

3. 

4. 

Change septum every day. .I 

Change liners if dirty samples were run the previous day. 

Cut colum if dirty samplees were analysed the previous day - 10 cm to -1 ft. in length. 

Change columns when poor chromatography is exhibited by the perfolrmance check 
solution. 

5. Clean the source if the septum gets dirty based on your tune and sensitivity. 

6. Use the spare source and clean the source from your system as soon as possible. 

7. Pump oil will be changed every quarter by HP maintenance (service people). 

8. Data system - Heads will be cleaned by HP service and filters changed fo’r disc drives. 

9. If there is any other system problems, check with your supervisor. 

Page 6 of 19 



STANDARD o~mm~c PROCEDUREFORTHEANALYSISOF 
!b4IVOLATILEORGANlCS REV. 5.1 - II/W93 

ORUSH OREEXTRACT RTCLP PDIOXIN SAMPLE Ei.uw.,. 
CLIENT : _ DATE RECEIVED: s 

CASE. _ EXTRACT DATE 

WLIGHNl3 1 EKTMCllON: 4 
ctf ANUp: 

OLOSUOWW 

SUWX SPIKER- 

MATR(X SP(KER, 

SUBMITTED BY 

1 KD: 

VWJFIER 

vEfuFCR- 

REWWCD 0’ 
I 

I==--=4 
MIST I 33050 

Figure 1. Sample Extraction Log 

Page 7of 19 



SOUTHWESTLABORATORYOFOKLAHOMA,INC. MS515 
STANDARD OPERATING PROCEDURE FOR THE ANALYSIS OF 
SEMIVOMRLE ORGANICS REV. 5.1 - 1mv93 

EXTRACT RECEIPT LOG CC/MS SEMIVOLATILE 
LABORATORY 

TM 

EXTRACTION GCjMS 
WOK 1 AATS CHEMIST SPL. CUSTOD. 

DATE TIME SAMPLE ID CLIENT ID INITIALS INITIALS COMMENTS 

.I 

SOUTHWEST LABORATORV OF OKLAHOMA, INC. l AMERICAN ANALYTICAL &TECHNICAL SERVICES, INC. 
1700 W. AIBANY l (JROKEN ARROW, OKLAHOMA 74012 l OFFICE (918) 251-2858 l FAX (918) 251-2599 [SCM00~+0792-01\ 

Figure 2. CC/MS Extract Receipt log 
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SOUTHWEST IAB~RAT~RY 0~ OKLAHOMA, INC. MS515 
STANDARD OPERATING PROCEDURE FOR THE ANALYSIS OF 
SEMIVOLATILE ORGANICS REV. 5.1- 11/16/93 

SEMIVOLATILE CC/MS RUN LOG %!/%%%%hENT 

SWOK / AA-I-S BOOK PAGE 

CLIENT: 

CASE: 

SAS: 

DATE (MO/DAY/W): 

INSTRUMENT ID (A,B,C, etc.): 

.s 

METHOD NO: COLUMN NO: -. 

EMV: TUNE FILE ID: 

OTHER: 

I I I ( SAMPLE AMOUNT 1 “,, /A$,oI! WCH 

TIME ( INlT CLIENT SAMPLE ID/ LAB ID FILE ID wt vol lnj F;6. 6 ‘:gE \k!! 
1 

1 

2 

3 

# 4 

5 
-i- 

6 

I 

I I I I I I I I I _- 
ill 11 

E3z ,I 11,11,, 

12 

13 

14 

I l-l 15 

PART I SWL/AATS, BROKEN ARROW, OK 

Analyat Sgnature 
[SGM002+0492-01 J 

Figure 3a. JemWolaUle GC/MS Run Log (page II of 2) 
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SOUTHWEST LAB~RAT~W 0~ OKLAHOMA, INC. MS515 
STANDARD OPERATING PROCEDURE FOR THE ANALYSIS OF 
SEMWOLATTLE ORGANICS REV. 5.1 - 11/16/93 

SEMIVOLATILE CC/MS RUN LOG ~i$%Kkmr 

SWOK / AATS BOOK PAGE - - 

(Check appropriate box. All major maintenance should be recorded in maintenance logbook.) 

ROUTINE MAINTENANCE: 0 MAJOR MAINTENANCE: 0 in Book -Pam-. 
DATE: - TIME: 

COMMENTS: . . --- 

-, 

Analyst Signature 
--- 

Figure 3b. Semlvolatile GC/MS Run log (page 2 of 2) 
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SOUTHWEST LABORATORY 0~ OKLAHOMA, INC. MS515 
STANDARD OPERATING PROCEDURE FOR THE ANALYSIS OF 
SEMIVOLATILE ORGANICS REV. 5.1 -U/16/93 

REMEDIAL ACTION RECORD 

Initiated by: 

Date: 

Sample ID’s: 

DESCRIPTION OF PROBLEM (list dates): 

Project*: - 

Client*: 

case?*: 
_s *if applicable 

-- 

Supervisor’s Signature:. 

DESCRIPTION OF ACTIONS TAKEN (list dates): 

-- 

Supervisor’s Signature:- 

Copies: Case File, _ 

-- 

SOUFHWELWRATORY OF OIUAHOMA, INC./AMERI~AN ANAL~TKAL& TECHNICAL SERVICES, INC. 
1700 W. ALBANY l BROKEN ARROW, OKLAHOMA 74012 l OFFICE (918) 251-2858 l FAX (918) 251-2599 

Figure 4. Remedial ActIon Record 
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SOUTI~WEST LAB~RATOIW~FOKLAHOMA,INC. MS515 
~TANDARDOPRRATTNGPROCEDUREFORTEEANAL.YSIS OF 
SEMIVOLMTLE ORGANICS REX 5.1 - 1 l/16/93 

Mass 

51 
68 
69 
70 

127 
197 
198 
199 
275 
365 
441 
442 
443 

TABLE 1. 
DFTPP I<ey Ions and Abundance Crfterin 

Ion Abundance Criteria 

30.0 - 80.0 percent of mass 198 
less than 2.0 percent of mass 69 
Present 
less than 2.0 percent of mass 69 
25.0 - 75.0 percent of mass 198 
less than 1.0 percent of mass 198 
base peak, 100 percent relative abundance 
5.0 - 9.0 percent of mass 198 -’ 
10.0 - 30.0 percent of mass 198 
greater than 0.75 percent of mass 198 
present but. less than mass 443 
40.0 - 110.0 percent of mass 198 
15.0 - 24.0 percent of mass 442 

TABLE 2. 
Surrogate Spike Recovery Limits 

Fraction 1 

BNA 
BNA 
BNA 
BNA 
BNA 
BNA 
BNA 
BNA 

Surrogate Compound Water 

Nitrobenzene-d, 35-114 
2Plourobiphen~l ~ 43-116 
p-Terphenyl-d14 33-141 
phenol-d5 10-94 
2-Plourophenol 21-100 
2,4,6-Tribromophenol lo-123 
2-Chlorophenol-d4 33-110 
1,2-Dichlorobenzene-d4 16-110 

Low/Medium Soil 

23-120 
30-1115 
18-1137 
24-l 13 
25-1121 
19-3122 
20-1130 (Advisory) 
20-3130 (Advisorv) 

Fraction 

BN 
BN 
BN 
BN 
BN 
BN 
Acid 
Acid 
Acid 
Acid 
Acid 

TABLE 3. 
Matrix Spike Recovery Limits 

Matrix Spike Compound 

1,2,4-Trichlorobenzene 
Acenaphthene 
2,4-Dinitrotoluene 
Py rene 
N-Nitroso-Di-n-Propylamine 
I .4-Dichlorobenzene 
Pentachlorophenol 
Phenol 
2-Chlorophenol 
4-Chloro-3-Methyiphenol 
4-Nitrophenol 

Water Soil/Sediment 

39-98 38-1.07 
46-118 31-1.37 
24-96 28-89 
26-127 35-1.42 
41-116 41-1.26 
36-97 28-1.04 
9-103 17-l-09 

12-110 26-90 
27-123 25-1.02 
23-97 26-l-03 
lo-80 11-l-14 
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SOUTHWEST LABORATORY OF OKLAHOMA, INC. MS515 
STANDARDOPEBA~GPROCEDUREFOR~ANALYSISOF 
SEMIVOLATILE ORGANICS REV. 5.1 - 11/16/93 

TARLE 4. 
Characteristic Ions for SemIvolatile TCL Compounds 

PaFsrmeQr Pnmarv inn Smenawlnw Ion(s) ----I_ ^___ ---.mw-m, _~~ __ _ 

Phenol ................................ 94 ............... 
bis (-ZChloroethyl) Ether 

65,66 
................. 93 ................ 

2ChlorophenoI 
63,95 

......................... 128 ................ 
1,3-dichlorobenxene 

64,130 
..................... 146 ................ 

1,4-Dichlorobenzene 
148,113 

..................... 146 ......... SI ..... 
1,2-Dichlorobenxene 

148,113 
..................... 146 ......... .I ..... 

2-Methylphenol ,I 
148,113 

........ ................ 108 ......... ., ..... 107 
2,2’-oxybis( 1-Chloropropane) .............. 45 ............... 
4-Methylphenol 

77, 79 
......................... .108 ............... 107 

N-Nitroso-Di-Propylamine ................ 70 ............... 
Hexachloroe thaw 

42,101,130 
............. .......... 117 ............ ... 

Nitrobenxene 
201,199 

............................ 77 ............... 
Isophorone 

123, 65 
.... IS .......... .............. 82 ................ 

2-Nitrophenol 
95,138 

. II ........................ 139 ............... 
2,CDimethylphenol 

65,109 
...................... 107 ............... 

bix (-ZChloroethoxy) Methane 
121,122 

............. 93 ............... 
2,CDichlorophenol 

95,123 
.......... ............ 162 ............... 

1,2,4-Trichlorobenzene 
164, 98 

................... 180 ...... ......... 
Naphthalene 

182,145 
........... ........ ........ 128 

4Chloroaniline 
............. ..129.12 7 

........................ .127 ............... 129 
Hexachlorobutadiene . . ................. .225 ................ 
4-ChIoro-3-methylphenol 

223,227 
................. 107 ................ 

2-methyl(napthalene) 
144,142 

.................... 142 ............ Is .. 141 
Hexachlorocyclopatadiene ........... .... .237 ................ 
2,4,6-Trichlorophenol 

235,272 
.................... 196 ............... 

2,4,STrichlorophenol 
198,200 

.................... 196 ............. ,, .. 
2Chloronaphthalene 

198,200 
..................... 162 ..... ,, ...... ,, .. 

2-Nitroaniline 
164,127 

.................. ......... 65 ................. 
DimethylPhthalate 

92,138 
...................... 163 ..... I, ...... ., .. 

Acenaphthylene 
194,164 

......................... 152 ..... II ......... 
3-Nitroaniline a, 

151,153 
............... ........... 138 ............... 

Acenaphthene 
108, 92 

........... ............... 153 ............... 
2,CDinitrophenol 

152,154 
....................... 184 ............... 

4-Nitrophenol 
63,154 

.......................... 109 ............... 
Dibenxofuran 

139, 65 
............................ 168 ................ 139 

2,CDinitrotoluene ....................... 165 ............... 
2,6-Dinitrotoluene 

63,182 
....................... 1.65 ............... 

Diethylphthalate 
89,121 

............ ............ 149 ....... ,I ....... 
4-Chlorophenyl-phenylether 

177,150 
.............. .204 ....... ,, ....... 

Phrorene 
206,141 

........ ............... ........ 166 ............... 
4Nitroaniline.. 

165,167 
....................... ..13 8 ............... 

4,6-Dinitro-2-Methylphenol 
92,108 

............... 198 ............... 
N-Nitrosodiphenylamine 

182, 77 
.................. 169 ................ 

4-Bromophenyl-phenylether 
168,167 

.............. .248 ............... 
Hexachlorobenzene 

250,141 
..................... .284 ....... ., ....... 

Pentachlorophenol 
142,249 

...................... 266 ............... 264,268 
Phenanthrene.. ....................... ..17 8 ............. ..179.17 6 
Anthracene .......................... ..17 8 ............... 179,176 

/rnII ” ... ,. ... 
(lame4cOnhnUed onfollowlngpage) 

I 

I 

I 
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SOUTHWEST LABORATORY OF OKLAHOMA, INC. MS515 
~TANDARDOPERATlNGPROCXDUREFORTEEANALYSIS OF 
SEMIVOLUTU ORGANICS REV. 5.1 - 11/16/93 

TABLE 4. 
/Continuedj 

Parameter Primary lon 
Carbazole . . . . . . . . , . . . . . . . . . . . . . . . . . . . . . 167 . . 

Secondary Ion(s) 
. . . . . . . . . . . . . 166. :139 

Di-N-Butylphthalate ..................... 149 ............... 1.50; ‘104 
Fluoranthene .......................... .202 ............... 101, ‘100 
pur ene ................................ 202 ............... 101, loo 
Butylbenzyphthalate ..................... 149 ............... 91,206 
3,3-Dichlorobenzidine ................... ,252 ............... 253, ‘125 
Benzo (a) Anthracene ................... .228 ............... 229,226 
bis (2-Ethylhexyl) l?thalate ................ 149 ............... 167,279 
Chrysene .............................. 228 ............... 226,229 
Di-N-Octyl Phthalate ..................... 149 ............... - 
Benzo (b) Fluoranthene ................. .252 ............... 253,l25 
Benzo (k) Fluoranthene ................. .252 ............... 253, I25 
Benzo (a) Pyrene ....................... -252 ............... 253,:125 
Indeno (1,2,3-cd) Pyrene ................. .276 ............... 138,227 
Dibenz (a,h) Anthracene ................. .278 ............... 139,279 
Benzo (g,h,i) Perylene ................... .276 ............... 138,277 

TABLE 5. 
CharacterMe Ions for Pesticides/PCBs 

Parameter Primary Ion Secorrdary Ion(s) 

Alpha-BHC .......................... ..18 3 ............. ..181.10 9 
Beta-BHC ..... I# ....................... 181 ........ I, . I, .... 183,lO9 
Delta-BHC ..... ,, ...... IS ................ 183 .......... ..... 181,1109 
Gamma-BHC (Lindane) .................. 183 .......... It .... 181,1109 
Heptachlor ............................. 100 ................ 272, ;!74 
Aldrin ................................. 66 ............... 263,;!20 
Heptachlor Epoxide .................... .353 .......... II .... 355,351 
Endosulfan I ........................... 195 .......... ,, .... 339,341 
Dieldrin ............................... 79 .......... I, .... 263, ;!79 
4,4’-DDE ............................. .246 .......... ,, .... 248,1.76 
Endrin ............................... .263 .......... ., .... 82, 81 
Endrin aldehyde ........................ 67 ............... 250,345 
EndosulfanII ............................ .337 ........... ., .... 339,341 
4,4’-DDD ............................. .235 ............... 237,1.65 
Endosuifan sulfate ...................... .272 ............... 387,422 
4,4’-DDT ............................. .235 ............... 237,1.65 
Methoxychlor ......................... ..22 7 ............... 228 
Chlordane (alpha and/or gamma) .......... .373 ............... 375,377 
Toxaphene ........................... ..15 9 ............. ..231,;!3 3 
Aroclor-1016 .......................... .222 ............... 260, ;!92 
Aroclor-1221 ........................... 190 ............... 222, ;!60 
Aroclor-1232 ........................... 190 ............... 222,;!60 
Aroclor-1242- .......................... .222 ............... 256,;!92 
Aroclor-1248 .......................... .292 ............... 362,326 
Aroclor-1254 .......................... .292 ............... 362,326 
Aroclor-1260 .......................... .360 ............... 362,394 
EndrinKetone ......................... .317 ............... 67,31.9 
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SOUTHWEST LABORATORY OF OKLAHOMA, INC. MS515 
STANDARDOPE~~GPROCEDUREFOR~ANALYSIS OF 
SEMIVOLATILE ORGANICS REV. 5.1 - 11/16/93 

TABLE 4. 
Characteristic Ions for Surrogate and 

Internal Standards for SemivolatIle Organk Compounds 

Compound Yrimary Ion Yccondery Ion{ s) 

SURROGATE STANDARDS 
Phenol-d5 ....................................... .99. ............... 42,71 
2-Pluoro 

l! 
henol ........................... 112 ............ ..6 4 

2,4,6-Tri romophenol ...................... 330 .............. 332,141 
d-5 Nitrobenzene .......................... .82 ............... 128,54 
2-Plourobiphenyl .......................... 172 .............. 171 
Ter R henyl ................................ 244 .............. 122,212 
2-C lorophenol-d4 ......................... 132 .............. 68,134 
l,ZDichlorobenzene-d, ..................... 152 .............. 115,150 

INTRRNAL STANDARDS 
1,4-Dichlorobenzene-d, ..................... 152 .............. 115 
Naphthalene-d ........................... 136 .............. 68 
Acenapthene- Phenanthrene$,Oo. : : : : : : : : : : : : : : : .. .. . ............ 

Chrysenedlz .... . . . . . . . . . . . . . . . . . 

: : : : 

. . . 

.. ;;; 

. . . . 240 

: : ;l28,&60 

..::::::::::::12b,23 6 
Perylened,, .............................. 264 ............ ..261D.26 5 

TABLE 7. 
SemSvolatile Internal Standards with Corresponding 

TCL Analytes Assigned for Ouantitation 

l&Dichlorobenzene-d4 Napthalene-ds 

Phenol 
bis (2Chloroethyl) ether 
2-Chlorophenol 
13-Dichlorobenzene 
1,CDichlorobenzene 
1,ZDichlorobenzene 
2-Methylphenol 
2,2’-oxybis-( 1-chloropropane) 
4-Methylphenol 
N-nitroso-Di-n-propylamine 
Hexachloroethane 
2-Fluorophenol (SUIT) 
Phenol-d6 (surr) 
2-Chlorophenol-d4 (surr) 
1,2-Dichlorobenzene-d4 (surr) 

Phenanthrene-dto 
4.6-Dinitro-2methvlDhenol 
N-nitrosodiphenyla%ne 
4-Bromophenyl Phenyl Ether 
Hexachlorobenzene 
Pentachlorophenol 
Penanthrene 
Carbazole 
Anthracene 
Di-n-butyl Phthalate 
Fluoranthene 
burr = surrogate compound 

Nitrobenzene 
Isophorone 
2-Nitrophenoi 
2,CDimethylphenol 
bis (2-Chloroethoxy) methane 
2,CDichlorophenol 
1,2,4-Trichlorobenzene 
Naphthalene 
4Chloroaniline 
Hexachlorobutadiene 
4-Chloro-3-methylphenol 
2-Methylnaphthalene 
Nitrobenzene-d5 (surr) 

.- 

Chqsene-dt;! 
Pyrene 
Butylbenzylphthalate 
3,3’-Dichlorobenzidine 
Benzo (a) anthracene 
bis(2-ethylhexyl) Phthalate 
Chrysene 
Terphenyl-d14 (surr) 

Acenaphthene-dlo 

Hexachlorocyclopentadiene 
2,4,6-Trichlorophenol 
2,4,5Trichlorophenol 
2-Chloronaphthalene 
2-Nitroaniline 
Dimehtyl Phthalate 
Acenaphthylene 
2,4-Dinitrophenol 
4-Nitrophenol 
Dibenzof man 
3-Nitroanatine 
1-cenaphthene 
2,4-Dinitroioluene 
2,6-Dinitrotoluene 
Diethyl Phthalate 
4-Chlforophenyl phenyl ether 
Fluorene 
4-Nitroaniline 
2-Fluorobiphenyl (surr) 
2.4.6-Tribromo Ph.enol (surr) 

r \ I 

Perylene-drz 
Di-n-octyl Phthalate 
Benzo (b) fluoranthene 
Benzo (k) fluoranthene 
Benzo (a) pyrene 
Indeno (I ,2,3-cd) pyrene 
Dibenz (a,h) anthracene 
Benzo (g,h,i) perylene 
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SOUTHWEST LABORATORY OF OKLAHOMA, INC. 
STANDABDO~~~GPROCEDUREM)RTBEANALYSISOF 
SEMIVOLWLE ORGANICS REV. 5.1 - W16l93 

TAM.8 8. 
Relrtive Response Factor Criterfa for lnltlal and 

Conthwfng Calibration of Sem~volatife Target Compounds 
SeaivolatiCe Organic Comlpounds Minimum RRF Maximum %#SD Maxfmum %Diff 
Phenol...............................O.800...................20 .5 .............. 25.0 
bis(-2Chloroethyl)ether ................ .0.700 .................. .20.5 .............. 25.0 
2-Chlorophenol ....................... .0.800 .................. .20.5 .............. 25.0 
1,3-Dichlorobenzene ................... .0.600 .................. .20.5 .............. 25.0 
1,4-Dichlorobenzene ................... .0.500 .................. .20.5 .............. 25.0 
1,ZDichlorobenzene ................... .0.400 .................. .20.5 .............. 25.0 
2-Methylphenol ....................... .0.700 .................. .20.5 .............. 25.0 
4-Methylphenol ....................... .0.600 .................. .20.5 .............. 25.0 
N-Nitroso-Di-propylamine .............. .0.500 .................. .20.5 .............. 25.0 
Hexachloroethane ..................... .0.300 .................. .20.5 .............. 25.0 
Nitrobenxene ........................ .0.200 .................. .20.5 .............. 25.0 
Isophorone .......................... .0.400 .................. .20.5 .............. 25.0 
2-Nitrophenol ....................... ..0.100...................20.5 .............. 25.0 
2,CDimethylphenol ................... .0.200 .................. .20.5 .............. 25.0 
bis(-ZChloroethoxy)methane ............ .0.300 .................. .20.5 .............. 25.0 
2+Dichlorophenol .................... .0.200 .................. .20.5 .............. 25.0 
1,2,4-Trichlorobenzene ... ............. .0.200 .................. .20.5 .............. 25.0 
Napthalene ............ . ............ ..0.70 0.. ............... ..20 5 .............. 25.0 
4-Chloro-3-methylphenol . ............. .0.200 .................. .20.5 .............. 25.0 
2-Methylnaphthalene .... ,I ............. .0.400 .................. .20.5 .............. 25 .O 
2,4,6-Trichlorophenol .... I, ............. .0.200 .................. .20.5 .............. 25.0 
2,4,5-Trichlorophenol .... II ............. .0.200 .................. .20.5 .............. 25.0 
2Chloronapthalene ..... I, ............. .0.800 .................. .20.5 .............. 25.0 
Acenaphthylene ........ ............. .1.300 .................. .20.5 .............. 25.0 
2,6-Dinitrotoluene ..................... .0.200 .................. .20.5 .............. 25.0 
Acenaphthene ........................ .0.800 .................. .20.5 .............. 25.0 
Dibenzofuran .......... ............. .0.800 .................. .20.5 .............. 25.0 
2,4-Dinitrotoluene .................... .0.200 .................. .20.5 .............. 25.0 
4-Chlorophenyl-phenylether ............. .0.400 .................. .20.5 .............. 25 .O 
Fluorene ........................... ..0.900...................20.5 .............. 25.0 
4-Bromophenyl-phenylether .............. 0.100 .................. .20.5 .............. 25.0 
Hexachlorobenzene .................... 0.100 .................. .20.5 .............. 25.0 
Pentachlorophenol .................... .0.050 .................. .2O.S .............. 25.0 
Penanthrene ........................ ..0.70 0.. ............... ..20 .S .............. 25.0 
Anthracene ......................... ..0.700...................20.5 .............. 25.0 
Fluoranthene ....................... ..0.60 0 ................. ..20 .S .............. 25.0 
pyr ene ............................. ..0.600...................20.! j .............. 25.0 
Benxo(a)anthracene ................... .0:800 .................. ; 20.5 .............. 25.0 
Chrysene ........................... ..0.70 0 .................. .20.5 .............. 25.0 
Benxo(b)fluoranthene ................. .0.700 ................... 20.5 .............. 25.0 
Benxo(k)Fluoranthene ................. .0.700 ................... 20.5 .............. 25.0 
Benxo(a)pyrene ...................... .0.700 ................... 2O.!i .............. 25.0 
Ideno(l,2,3-cd)pyrene ................. .0.500 ................... 20.5 .............. 25.0 
Dibenxo(a,h)anthracene ................ .0.400 .................. .2O.S .............. 25.0 
Benzo(g,h,i)perylene ................... .0.500 .................. .20.5 .............. 25.0 
Nitrobenzeneds ........... .................. .0.200 ................... ‘20.5 .............. 25.0 
2-Fluorobiphenyl ..................... .0.700 ................... 20.5 .............. 25.0 
Terphenyl-d,, ............... .................. .0.500 ................... 20.5 25.0 
Phenol-d, .................... .................. .0.800 ................... 20.5 : : : : : : : : : : : : : : 25.0 
2-F’luorophenol ....................... .0.600 ................... ‘20.5 .............. 25.0 
2-Chlorophenol-d4 ............................. 0.800 .................. .20.5 .............. 25.0 
1,2-Dichlorobenzene-d4 .... .................. .0.400 ................. ,, . 20.5 .............. 25.0 

Initial csiibration 20,SO. 80. 120. and 160 “5. Eight compounds: Z.J-Dinitm 
NitmphenoL4.6-Diniho-2-Me. tl! 

hen& 2.4.STrichlom henoL 2.Nitmaniline. 3, Nitmaniline. CNitroaniline,, 4- 
ylphenoL and Pcnu ChE mphenolwiUortly requirea four-pointinitialc&brahon 

at 50.80,120 and 160 total nsnograms rince detection at less tbnn 50 nmogmma per injection is difficult. 
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S~UT~~~LAB~~T~RYOFOKLAH~MA, INC. MS515 
STANDABDO~~GPROCED~M)RTHEANACYSISOF 
SEMIVOLMTLE ORGANICS REV. 5.1 - H/16/93 

TABLE 9. 
Target Compound List (TCL) and 

Contract Raqwlred Owantltiwtion UmEe (CR=) 
I 

t 

I 
Semivolatiles 

WaCr Low Soil/Sdimeni 
CAS Number Ug/L Ugkg 

1. Phenol .......................... 108-95-2 ............ 10 ...... ...... 330 
2. bis 2-Chloroethyl)ether 

Jb 
............. 111-44-4 ............ 

fi 
....... 
...... 

330 
3. 2- lorophenol .................... 95-57-8 ............ ..*“‘33 0 ..... 
4. 1,3-Dichlorobenzene ............... 541-73-l .. .......... ....... 330 
5. 1,4-Dichlorobenzene ............... 106-46-7 ............ :: ....... . . :::33 0 

6. 1,2-Dichlorobenzene ................ 95-50-l .... ........ ....... 
7. 2-Methylphenol 

330 
.................... 95-48-7 ............ :oo 

9. 2,2’-oxybis(chloropropane) 
................. 330 

.......... 108-60-l ............ 10 ............ 
9. 4-Methylphenol 

330 
................... 106-44-5 ............ 

10. N-Nitroso-di-n-propylamine 
330 

......... 621-64-7 ............ ii :::::::::::: 330 

11. Hexachloroethane .................. 67-72-l ............ ‘10 
12. Nitrobenzene 

............ 330 
...................... 98-95-3 ............ 

13. Iso 
330 

rs 
horone ......................... 78-59-l ............ :z : : : : : : : : : : : : 330 

14. 2- itrophenol .... I, ................. 88-75-5 ............ '10 ............ 
15. 2,4-Dimethylphenol 

330 
................ 105-67-9 ............ ‘10 ............ 330 

16. bis(2-Chloroethoxy methane 
17. 2,4-Dichloropheno r’ 

......... 111-91-1 . . .......... ‘10 . ............ 330 
................ 120-83-2 ............ 10 

18. 1,2,4-Trichlorobenzene 
.......... ..33 0 

............. 120-82-l ............ 'LO 
19. Na 

............ 330 
hthalene 

c! 
..... I, ................. 91-20-3 ............ 'LO 

20. 4- 
............ 330 

hloroaniline .. II ................ 106-47-8 ............ IO ............ 330 

21. Hexachlorobutadiene 
22. 4-Chloro-3-methylphenol 

............. 87-68-3 ............ IO ............. 330 

1 
para-chloro-meta-cresol) ............ 59-50-7 ............ IO ............ 

23. 
330 

-Methylnaphthalene ................ 91-57-6 ........ .... 'LO . 
24. Hexachlorocyclopentadiene 

............ 330 
.......... 77-47-4 ........ II ... 10 

25. 2,4,6-Trichlorophenol 
............ 330 

............... 88-06-2 ............. 10 ............ 330 

26. 2,4,5-Trichloro 
I! 

hen01 ............... 95-95-4 ............. 25 4, ........... 
27. 2-Chloronapht 

800 
alene ................ 91-58-7 ............. 10 ,, ........... 

28. 2-Nitroaniline 
330 

.................... . .. 88-74-4 .......... ; .. 35 4.l ........ 
29. Dimethylphthalate 

.... 800 
................. 131-11-3 ............. ...... 

30. Acenaphthylene 
330 

................... 208-96-8 ........ II ... :i :::::: ...... 330 

31. 2,6-Dinitrotoluene ................. 606-20-2 ........ II ... IO 
32. 3-Nitroaniline 

............ 330 
...................... 99-09-2 ............. "5 . 

33. Acenaphthene 
............ 800 

..................... 83-32-9 ............ 10 
34. 2,4-Dinitrophenol 

.......... ..33 0 
.................. 51-28-5 ........... .25 ............ 800 

35. 4-Nitrophenol ..................... 100-02-7 ............ 10 ............ 800 

36. Dibenzofuran ..................... 132-64-9 .......... 0 . 25 .......... ..33 0 
37. 2,4-Dinitrotoluene ................. 121-14-2 ........... .25 ............ 
38. Diethylphthalate 

330 
84-66-2 ............ 10 ............ 330 

39. 4-Chlorophenyl-phenylether ................. : : : : ‘7005-72-3 .......... 10 330 
40. Fluorene.. ........................ 86-73-7 ......... .::lO ::::::::““330 .... 

/m .r * . ,. ... 
( 1 aDle Y contmued on jollowingpage) 
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TABLE 9. 
/Conffnued~ 

OuantitatffonLimits** 
Water Low Soil/Sediment! 

Semivolatiles CAS Number rFLgjL Pglkg 

41. 4-Nitroanihne ..................... 100-01-6 ........... .25 ...... ., ..... 800 
42. 4,6-Dinitro-2-methylphenol .......... 534-52-l ............ 25 ...... ., ...... 00 
43. N-nitrosodiphenylamine ............. 86-30-6 ............ 10 ...... ., ..... 330 
44. 4-Bromophenyl-phenyl ether ......... 101-55-3 ........................ 330 
45. Hexachlorobenzene‘ ................ 118-74-1 ............ :11 .......... ..33 0 

46. Pentachlorophenol .................. 87-86-5 ............ 25 ............ 800 
47. Phenanthrene ...................... 85-01-8 ............ 10 ............ 330 
48. Anthracene ...................... 120-12-7 ............ 10 ............ 330 
49. Carbazole ......................... 86-74-8 ............ 10 ............ 330 
50. Di-n-butylphthalate ................. 84-74-2 ............ 10 ............ 330 

51. PIuoranthene .... I, ................ 206-44-o ............ 10 ............ 330 
52. Pyrene .......................... 129-00-o .......... ..lO ............ 330 
53. Butylbenzylphthalate ................ 85-68-7 ............ 10 ............ 330 
54. 3,3’-Dichlorobenzidine ............... 91-94-l ............ 10 .......... ..33 0 
55. Benzo(a)anthracene ................ 56-55-3 ............ 10 ............ 330 

56. Chrysene ........................ 218-01-g ............ 10 ............ 330 
57. bis(2-Ethylhexyl 
58. Di-n-octyl 

K 
r’ 
phthalate ........... 117-81-7 ........................ 330 

htha ate ................ 117-84-O ............ :i ............ 330 
59. Benzo b 

II 
uoranthene .............. 205-99-2 ............ ‘LO ............ 330 

60. Benzo k fluoranthene .............. 207-08-g ............ ‘LO ............ 330 

61. Benzo(a p 
11 

rene .................... 50-32-8 ............. ‘LO ............ 330 
62. Indeno 

I 
, ,3-cd)pyrene ............. 193-39-5 ............. 10 .......... ..33 0 

63. Dibenz a,h)anthracene .............. 53-70-3 .......... ..lO ............ 330 
64. Benzo(g,h,i)perylene: ............... 191-24-2 ............ ‘LO ............. 330 

b Medium Soil/Sediment Contract Required Quantitation Limits (CRQL) for SemiVolatile TCL 
Compounds are 60 times the individual Low Soil/Sediment CRQL. 

* Specific quantitation limits are highly matrix dependent. The quantitation limits listed herein 
are provided for guidance and may not always be achieveable. 

** Quantitation limits il.sted for soil/sediment are based on wet weight. The quantitation limits 
calculated b 
contract, wi Y 

the laboratory for soil/sediment, calculated on dry weight basis as required by the 
1 be higher. 
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TABLE IO. 
Standards Preparation 

Cont. Aliquot Total Cont. Volume 
Compound ug/mL uL Vol. ug/mL USediUL 

Supelco Internal Std. Mix 2000 2000 4mL 1000 40 

STOCK STANDARD 

Phenolic Mix 2000 400 200 - 
Haz. Subst. Mix 2000 400 200 - 
Haz. Subst. Mix 2000 400 200 - 
PAH Mix 2000 400 200 - 
B-N Mix-l 2000 400 4mL 200 - 
B-N Mix-2 2000 400 200 - 
Benzidine Mix 2000 400 200 - 
Acid Surr. Mix 2000 400 200 - 
B-N Surr. Mix 1000 800 

1 
200 - 

Stock Std. 200 750 I- 50 - 
IS Mix 1000 120 3mL 50 - 

Stock Std. 200 400 
I 

80 - 
IS Mix 200 40 1mL 80 - 

Stock Std. 200 600 1 120 
IS Mix 1000 40 1mL 120 - 

Stock Std. 200 800 I- 160 
IS Mix 1000 40 1mL 160 - 

Stock Std. 200 100 20 - 
IS Mix 1000 40 I- 1mL 20 - 

These standards are verified with EPA standards regularly. Every time a standard is ma’de, it is re- 
corded in the current standards logbook. 
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Som-nws~ LABORATORY OF O~AH~MA, INC. MS515 
STANDARD OPERA~NG PROCEDURE FOR THE EXTRACIION OF 
SEMIVOLATILE ORGANICS REV: 3.2 - 11/16/93 

I. SUMMARY 

A. Summary of Method 

l.A measured volume of sample or a measured weight of sample (soil/sediment) is extracted 
with methylene chloride. For water samples the pH is adjusted if needed to 2. ‘The methylene 
chloride extract is dried and concentrated to a volume of 1.0 mL. Chromatographic conditions 
are described which permit the separation and measurement of the parameter,s in the extract. 
Qualitative identification is performed using the retention time and the relative abundance of 
three characteristic ions. Quantitative analysis is performed using internal standard techniques 
with a single characteristic ion. 

II. EXTRACTlON OF BASE NEUTRAL/ACIDS FROM WATER 

A. &fraction Procedure 

1. Shake bottle well. 

2. Prerinse all glassware and apparatus used with the extraction solvent to be used. 

3. Make sure enough sample is retained for pH determination. 

4. A one liter portion of sample water is measured out and put into a continuous liquid-liquid 
extractor (see note 1). Record the volume on the extraction data sheet. 

5. All solutions are pH adjusted to 2, checking the pHwith pH paper. To all solutions is added 
0.5 mLof surrogate spiking solution and to the matrix and matrix duplicate samples is added 
0.5 mL of the matrix standard spiking solution. Record amount and ID of spiking solutions 
on extraction sheets when added (see note 2). 

B. Continuous Extractor 

1. When a continuous extractor is used, 250 mLs of methylene chloride is added to the 
continuous extractor and 200 mLs to the boiling flask. Adjust the pH of the solutions to 2 
and extract for 1.8 hours. Turn off the continuous extractor and label as Base Neutral/Acid 
fraction. In transferring the extract to the distillation flask tilt the extractor allowing the 
solvent to flow into the flask. Prevent water or sediment from being transferred in this step. 
Disconnect the flask from the extractor. Place a glass funnel with S&S #.595 filter paper and 
10 grams of Na2S04 into a KD flask. Add the solvent from the distillation flask to the funnel 
with the Na2SQ4 Rinse the flask with 3, 10 mL portion of solvent and put these rinses 
through the Na12S04 and collect all in the KD. 

2. Add one clean boiling bead and attach a three-ball Snyder column. Prewet it with about 1 
mL of methylene chloride. Put the concentrator in a hot water bath (about 75°C ) so that 
the concentrator tube is partially immersed in the water and the entire Ilower rounded 
surface is bathed with hot vapor. 

3. The position of the water bath and its temperature should be such that the. concentration 
is completed in lo-15 minutes. The balls of the column should actively cfhatter and the 
chambers should not flood with condensed solvent. When the apparent volume of liquid 
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STANDARD OPERATING PR0cE~uitE FOR -mu3 EXTIb4ClION OF 
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reaches lOmL, remove fromwater bath and allow the apparatus to drain and cool for at least 
10 minutes. Remove the column and rinse the flask and lower joint into the concentrator 
tube with 1-2 mLs of methylene chloride. 

4. Place the concentrator tube on the nitrogen evaporator and evaporate the solvent volume 
to just below 1 mLwith rinsing down of the inside wall of the tube several times with about 
1 mL of methylene chloride. The final volume is brought to 1 mLwith methylene chloride. 
During evaporation, the tube must never be allowed to become dry. Transfer these 1 mL 
extracts to the appropriate vials labeled for base neutral /acid fractions. Also include on the 
label the date and beginning amount of sample and the final volume. All data is to be 
recorded on the extraction data sheet (see figure 1) which follows the sample to the actual 
analysis, and in t:he extraction lab record book. 

Note 1. If the sample is in a 1 liter bottle mark the menicus before transfer of the sample. 
After transferring the sample fill the bottle with tap water to the mark. Transfer this to a 
1 liter graduate to determine sample volume. 

Note 2. To ensure spiking solutions are added mark extraction vessels with a check mark 
for each spiking solution added. 

111. EXTRACTION OF RN/A FRACTIONS FROM SOll/SRDlMENTS (LOW LEVEL] 

A. Sample Preparation Procedure 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

Homogenize sample before taking sub samples. 

Determine pH and moisture content of each sample. If the pH is less than ‘5 or > 11, then 
report to the supervisor. 

Calibrate the balance before weighing samples. Weigh about 30 grams of the: sample to the 
nearest 0.1 gram into a 400 mL beaker and add 60 grams of preextracted anhydrous sodium 
sulfate. Mix well with glass rod. Immediately add 100 mLs of 1:l methylene chloride/ 
acetone. 

Add 0.5 mL of BNA surrogate standard to the B/N/A samples. 

For BNA matrix spike samples, a’dd 0.5 mL of the BNA m&ix spike. These are the BNA 
matrix spike and the BNA matrix spike duplicate. Record volume and spiking ID on the 
extraction data sheet at this time. 

Sonicate the samples one at a time using the 3/4” probe held about l/2” below the liquid 
surface but l/2” above the sediment level. Use full power and a 50% pulse for 3 minutes. 
Decant and filter the extracts through a filter paper in a glass funnel, collecting the extracts 
in a 500 mL K D flask. Repeat the extraction 2 more times with 2 more 100 mL portions 
of the 1:l methylene chloride/acetone. Decant the solvent after each sonication, pouring 
the entire sample into the funnel the last time. Rinse the beaker and soil/sediment with 
about 100 mLs more extraction solution. 

After each of the “soils” have been extracted, dry the extract over Na2S04. Concentrate in 
the K D assembly consisting of a 10 mL concentrator tube a.nd a 500 mL evaporative flask. 
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SEMIVOLATILE ORGANICS REV: 3.2 - 11/16/93 

Add one or two clean boiling chips and attach a 3-ball Snyder column. Wet the column with 
1 mL methylene chloride. Evaporate the solution in the manner given in the BNA from 
water procedure until there is an apparent volume of 5 mL. Remove the K D assembly from 
the heat and allow it to cool and drain for 10 minutes. Rinse the flask and lower joint with 
1-2 mLs of methylene chloride. Make the final volume to 1.0 mL with methylene chloride 
for BNA. Use the nitrogen blowdown apparatus with new Ipipettes to avoid (contamination. 

8. Label the 2 mL. vial with the EPA ID, LAB ID, CASE # and date. Store all vials in a rack 
in the extract storage refrigerator and give the extraction data sheets to the GCMS operator 

9. For GPC cleanup, dilute the 1 mL extract to 10 mL and load into the GPC. Calibrate the 
GPC before loading any samples. Collect the required fraction and concentrate to 1 mL by 
N2 blow down technique. Record all activity in the GPC log (see figure 2). 

IV. EXTRACTION OF RN/A FRACTIONS FROM SOILS/SEDfMENTS (MEDIUM LEVEL) 

A. Sampb? Prep&ion Procedure 

1. At this time a moisture determination should be done since concentrations of individual 
analytes will be reported relative to the dry weight of sediment. Also at this time, the pH 
should be determined. (See section V and VI below for pH and moisture determination..) 

2. 

3. 

In a fume hood, open the sample container and mix the sample discarding any foreign 
objects such as sticks, leaves and rocks. Transfer approximately 1 gram (record to the 
nearest 0.1 g) of sample to a 20 mL vial. Clean off the vial mouth, weigh and cap. 

Add 0.5 mL of B/N/A surrogate spiking standard to each vial. Add 0.5 mL of Matrix 
standard spiking solution to two of the sample vials (label them). 

4. 

5. 

6. 

Add 2 grams preextracted sodium sulfate to each vial. 

Prepare a blank. using reagents used in sample extraction,, 

Immediately add 9.5 mLmethylene chloride to the blank and plain sample amd 9 mls to the 
matrix and matrix duplicate and disrupt the sample by ultra sonic probe for two minutes at 
100 watts power. 

7. Loosely pack disposable Pasteur pipets with 2-3 cm glass wool plugs. Filter the extract 
through these tubes collecting 5 rnIs in a concentrator tube. Concentrate to 1 mL on the 
nitrogen evaporator. Transfer the 1 mL to a sample vial, l.abel this with EPA ID, LAB #, 
CASE #, and DATE (see proper labeling in diagram). 

8. For GPC cleanup use 10 mL of the extract. 

Page 3 of 21 



SOUTHWJBT LABORATORY’ OF OKLAHOMA, INC. MS515 
STANDARD OPERATING PROCEDURE PY)R THE EXTRACI-ION OF 
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V. PH DETERMlNAllON OF SOIL AND WATER SAMPLES 

A. Water Samples 

1. The pH meter is to be calibrated before use and calibration data recorded in the pH meter 
log book. 

2. Shake the Sample. Transfer approximately 50 mls of the sample to a clean beaker. Add a 
magnetic stirring bar and place on the stir plate and adjust the speed to give a good mixing 
action but not to aerate the sample. Place the probe into the liquid and allow the meter to 
obtain a stable reading. Record this answer on the sample data. sheet and in the extraction 
lab record book. 

B. Soil Samples 

1. The pH meter is to be calibrated before use and calibration data recorded in the pH meter 
log book. 

2. Homogenize the Sample. Weigh 50 grams of sample into a clean beaker and add 50 mls of 
DI water. Add a magnetic stir bar and place on the stir pla.te and allow to mix for one hour. 
Do not agitate fast enough as to entrain air in the sample. While the sample is mixing, keep 
it covered with a plastic fihn or aluminum foil. After 1 hour, place probe in the slurry and 
record the value on the data sheet and in the record boo!k. 

A. hedure 

1. Weigh 5-10 grams of the sediment into a tared crucible. Determine the percent moisture 
by drying overnight at 105°C. Allow to cool in a desiccator before weighing. Concentration 
of individual analytes will be reported relative to the dry ,weight of sediment. 

Percent Moisture = 
gm of sample - gm of dry sample 

_ x 100 
gm of sample 

VI. STANDARDS PRBlPARATlON FOR RXTRACTIONS L(cBORATORY 

A. Working Surrogate RNA Spiking Solution 

1. BNA Surrogate spiking solution is prepared from ampules received from vendor. Base- 
Neutral compounds are at a concentration level of 1000 &/mL. Acid compounds are at a 
concentration level of 1500 PIJmL. Working standards are prepared in Methanol at a 
concentration of lOO$JmL for the Base Neutral compounds and 15OpUmL for the Acid 
compounds. ‘This solution is prepared in either 250 mL or 100 mL volumetric flasks. The 
solution is verified by the GC/MS department prior to use. 
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2. FOR 100 mL VOLUME: 

COMPOUND 

2-Chlorophenol-d, 
Phenol-d, 
2,4,6-Tribromophenol 
2-Fhtorophenol 
Nitrobenzene-d, 
Terphenyl-d,, 
2-Fluorobiphenyl 
1,2-Dichlorobenzene-cl4 

Primary 
Cone 

15OO~UmL 
15OO~UmL 
15OOjWmL 
1500 &/rnL 
1OOOjJJmL 
1OOO~UmL 
1OOO~UmL 
1000 PUmL 

PL Final 
Used Volume 
10000 100 
10000 100 
10000 100 
10000 100 
10000 100 
10000 100 
10000 100 
10000 100 

Final 
Cont. 

150 PUmL 
150 PUmL 
150 &mL 
150 PUmL 
1OO~UmL 
100 ,uUmL 
1OO~UmL 
1OOfiUmL 

3. FOR 250 mL VOLUME: 

COMPOUND 
Primary 

Cone 
CCL 

used 
Final 

Volume 
Final 
Cont. 

2-ChIorophenol-d, 
Phenol-d, 
2,4,6-Tribromophenol 
2-Fhtorophenol 
Nitrobenzene-d, 
Terphenyl-d,, 
2-Fhtorobiphenyl 
1,2-Dichlorobenzene-d, 

1500 PUmL 
15OO~UmL 
15OO~UmL 
15OO~UmL 
1OOO~UmL 
1OOOflUmL 
1OOO~UmL 
1OOO~UmL 

25000 
25000 
25000 
25000 
25ooo 
25ooo 
25ooo 
25ooo 

250 150 PUmL 
250 150 MUmL 
250 150 PUmL 
250 150 $JmL 
250 1OO~UmL 
250 1OO~UmL 
250 100 PUmL 
250 lOO$JmL 

B. BNA Matrix Spiking Solutions 

1.. BNA Matrix Spiking Solutions are prepared using ampules from Supelco, Inc.. These 
solutions are made in Methanol at a concentration of 100 PUmL for Base/Neutral 
compounds and 150 @JrnL for Acid compounds. 

2. FOR 250 mL VOLUME: 

Primary 
COMPOUND 

1,2,4-Trichlorobenzene 
Acenaphthene 
2,4-Dinitrotoluene 
pur ene 
N-Nitrosodi-N-Propylamine 
1,4-Dichlorobenzene 
Pentachlorophenol 
Phenol 
2-Chlorophenol 
4-Chloro-3-Methylphenol 
4-Nitrophenol 

CCL 
cciilc 

lOOOj.WmL 

Final 
used 
25000 

lOOO&mL 25000 
1OOO~UmL 25000 
lOOO&/mL 25ooo 
1OOO~UmL 25000 
1000 PUmL 25000 
15OOjJJmL 25000 
1500 @mL 25000 
15OOpUmL 25000 
1500 $JrnL 25000 
1500 @JmL 25000 

Cont. 
1OO~UmL 

Final 
Volume 

250 
250 100 &.JmL 
250 100 PUrnL 
250 1OO~UmL 
250 1OO~UmL 
250 1OO~UmL 
250 150 $/mL 
250 150 FUmL 
250 150 flUmL 
250 150 PUmL 
250 15OpUmL 
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3. FOR 100 mL VOLUME:: 

Primary YL Final Final 
COMPOUND Cone Used Volume Cont. 

1,2,4-Trichlorobenzene 
Acenaphthene 
2,4-Dinitrotoluene 
w rene 
N-Nitroso-di-N-Propylamine 
1,4-Dichlorobenzene 
Pentachlorophenol 
Phenol 
2ChIorophenol 
4-Chloro-3-Methylphenol 
4-Nitrophenol 

1000 &mL 
1OOO~UmL 
1OOO~UmL 
1000 @mL 
lOOO@mL 
lOOO@mL 
1500 &mL 
1500 PUmL 
15OO~UmL 
15OO&/mL 
15OOpUmL 

10000 
10000 
10000 
10000 
10000 
10000 
10000 
10000 
10000 
10000 
10000 

100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 

100 FUmL 
100 PUmL 
100 PUmL 
100 PUmL 
100 PUmL 
100 PUmL 
150 PUmL 
150 &/mL 
150 FUmL 
150 PUmL 
150 PUmL 

VII. GC/MS ANALYSIS OF EXTRACTARLR ORGANIC COMPOUNDS 
(RASE/NEUTRALS AND ACIDS) 

A. GUMS System 

1. Column - 30 m x 0.25 mm ID (or 0.32 mm) bonded-phase silicone coated fused silica 
capillary column (J & W Scientific DB-5 or equivalent). A film thickness of 1.0 micron is 
recommended because of its larger capacity. A film thickness of 0.25 microns may be used. 

2. GC/Mass Spect:rometer - capable of scanning from 35 to 500 amu every 1 second or less, 
utilizing TO volts (nominal) electron energy in the electron impact ionization mode and 
producing a mass spectrum which meets all required criteria when 50 ng of 
decafluorotriphenylphosphine (DFTPP) is injected through the GC inlet. 

3. NOTE: DFTPP criteria (QA/QC SOP) must be met before any sample extracts and/or 
standards are analyzed. 

B. Reagents 

1. Internal Standards -1,4-Dichiorobenzene-d4, Napthalene-dg, Acenaphthene-dl0, 
Phenanthrene-dl0, Chtysene-d12, Perylene-d12. An internal standard solution can be 
prepared by dissolving 100 mg of each compound in 50 ImL of methylene chloride. The 
resulting solution will contain each standard at a concentration of 2000 ng/pL. A 10 PL 
portion of this solution should be added to each 1 mL of sample extract. This will give a 
concentration of 40 ng/2 PL of each constituent. 
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C. GCMS Operating Conditions 

1. The following instrumental parameters are required for all performance tests and for all 
sample analyses: 

a. Electron Energy - 70 volts (nominal) 

b. Mass Range - 35 to 500 amu 

c. Scan Time - 1 second per scan 

D. Calibration 

1. An Initial Calibration must be performed prior to the analysis of any samples and blanks, 
and after the DFTPP performance check criteria has been met. The concentration of the 
initial calibration standard 20,50,80, 120, 160 ng/&L injection. The calibration must be 
checked against the criteria outlined in Table 8, with allowance for up to four target and 
surrogate compounds. If time remains in the 12 hour time period after the initial calibration 
has been performed, samples may be analyzed. Quantify the samples using the response 
factors from the 50 ng/&L standard. 

2. A continuing ctalibration must be analyzed each 12 hour time period to check the calibration 
curve. The criteria in Table 8 must be met prior to the analysis of any blanks or samples, and 
after the DFI’PP Performance Check. As with the initial calibration, up to four target 
compounds may fail the criteria. The concentration of the continuing calibration standard 
is 50 j&2&. 

E. Sample Analysis 

1. Internal standard solution is added to each sample extract. For water and/or medium soil 
extracts, add 10 ,uL of internal standard solution to eacln accurately measured 1.0 mL of 
sample extract.. Analyze the 1.0 mLextract by GC/MS using a bonded-phase silicone-coated 
fused silica capillary column. The recommended GC operating conditions to be used are as 
follows: 

a. Initial Column Temperature Hold - 45°C for 4 :minutes 

b. Column Temperature Program - 45-300°C at 12 Urnin. 

C. Final Column Temperature Hold - 300X for 10 minutes 

d. Injector Temperature - 280°C 

e. Transfer ILine Temperature - 300°C 

f. Source Temperature 

g. Injector-Grob-type, splitless 
Sample Volume 

- according to manufacturer’s specifications 

- 2/.LL 
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F. Dairy Semivoiatiie Laboratory Procedures 

MS515 

REV: 3.2 - 11/16/93 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

Take out standards from refrigerator and set out to equi1ibrat.e to room temperature. 

The operator who removes the standards is also responsible for recording the temperature 
of the refrigerator into the temperature log. 

Check the dat,a (surrogate recoveries, internal standard areas linearity) for all of the 
samples analyzed on the previous day. Complete the instrument log. The details of the QC 
criteria are described in the SOP attached. The raw data for all of the good data along with 
DFTPP and ca:librations should be kept in “black bins”. Complete the instrument run log. 

Make a list of all reanalysis and reextractions. Fill out corrective action form (copy is 
attached) and get it approved by your supervisor and send the form to extraction lab for 
further action. 

Change the septum and liner. Check for air leaks. 

Inject 50 ng DFTPP. Check the spectrum by averaging + 1 and background subtracting. If 
the spectrum. meets the criteria, then proceed further. If the criteria is not met, then 
reanalyze DFTPP or retune the instrument with PFTBA and reanalyze DFTPP. If problem 
still exists, then, check with your supervisor for cleaning of the source. Make a RR file for 
DFTPP (RR,,>datafile,,,=DFTPP,,lP). 

While the standard is running, makeup a batch file sequence for the samples to be analyzed. 
Record all of the samples on the instrument run log. 

Add 1OpL of internal standard mix (2000ppm) to 1 mL of ,sample extract. Mark the septum 
of thevial with blue ink to indicate that the internal standard has been added. Take out about 
100 PL in the autosampler vial and seal the vial. The sample extract is ready for injection 
by autosampler. 

Load the autosampler making sure that the extract is placed exactly in the same location as 
reported in the sequence file. Make a hard copy of the sequence file to check that all of the 
header information is correct. 

10. Setup to run “FITIC” program to run “TICS” for the samples analyzed on previous day. 

11. Replace the standards and sample extracts exactly in the same place in the refrigerator. 

12. Tables No. 1 to 11 give a quick reference to the QC requirements. 
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G. Qtumtitution 

1. TCL components identified shall be quantified by the internal standard method. The 
internal standard used shall be the one nearest the retention time to that of a given analyte. 
The EICP area of characteristic ions of analytes listed in Tables 4,5, and 6 are used. The 
response factor (RF) from the daily standard analysis is used to calculate the concentration 
in the sample. Secondary ions may be used if interferences are present. The area of a 
secondary ion cannot be substituted for the area of a primary ion unless a response factor 
is calculated using the secondary ion. 

2. Calculate the concentration in the sample using the response factor (RF) and the following 
equation: 

3. Water 

Concentration &g/L) = 6%) (4) (Vt) (Jw 

CAis) tRF) Vd PiI 

Ax = Area of the characteristic ion for the compound to be measured. 
Ais = Area of the characteristic ion for the internal standard. 
Is = Amount of internal standard injected in nanograms (ng). 
vo = Volume of water extracted in millimeters (mL). 
vi = Volume of extract injected @L). 
vt = Volume of concentrated @L) extract. 
Df = Dilution factor. If no dilution is performed, Df = 1.0 Sediment/Soil 

Concentration (&Kg) = (4) (1s) Wt) CWPQ 

CAis) tRF) Vi) CwJ CD) 

~(Dry weight basis) 

A,, Is, Als=Same as given for water, above. 
vt = Volume of low level concentrated extract. 
vi = Volume of extract injected @L). 
D := 100 - % moisture 

100 
K := Weight of sample extracted (grams). 
Df := Dilution factor. If no dilution is perfonmed, Df = 1.0. 

4. The factor of 2,,0 is used to account for extract not recovered from the GPC cleanup. 

5. An estimated lconcentration for Non-TCL components; tentatively identified shall be 
quantified by the internal standard method. For quantification, the nearest internal 
standard free of interferences shall be used. 

6. Calculate surrogate standard recovery on all samples, blanks and spikes. Determine if 
recovery is withlin limits and report on appropriate form. 
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VfII.OPERATOR VALIDATION, CC/MS DEPARTMENT 

A. GCIMS Operator ValWon 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

Label the intelmal standards and surrogates on the total ion chromatograms, with 
abbreviations IS-l, SS-Al, SS-Bl, etc. 

Verify that surrogate recoveries are within the appropriate limits and enter values on the 
appropriate surrogate recovery forms. (Form II). 

Output dual display for TCLcompounds and library search (ESFLS or FITIC) for non-TCL 
compounds. 

After output of the library search for the non-TCL compounds, account for all major peaks 
in the chromatogram (as either TCL compound or non-TCL compound). 

Complete the instrument log entirely on daily basis. (Copies of logbook pages are sent to 
EPA, they must be complete). 

Complete forms V (DFTPP or BFB) including the analyses performed versus a particular 
DFTPP or BFB tune. Percent abundances must be recorde.d using three significant figures. 

Verify that matrix spike compounds are within the appropriate limits and record values on 
the matrix spike: summary form (Forms III). 

Verify that therle are no saturated TCL Compounds in the run,. 

Verify that all internal standard areas are within a factor of two of the most recent 
continuing caliblration areas. 

10. After data review has been completed, make up the appropriate files to be transferred to 
the PC for diskette deliverables. The files made up and their names must be written in the 
instrument logbook at the top where it says “other” below the header information. 

11. Hard copies of all the manual integrations must be submitted along with the raw data. 

12. Make copies of Initial and Continuing Calibration as the calibration may be used for several 
cases and file them away in your QC file cabinet for the appropriate month. 

13. Complete the extraction logs for BNA runs. Initials, date of analysis and QLF. 

B. Remedial Action If Ckiteria Are Not Met. 

1. If peaks are saturated, the sample must be diluted and reanalyzed. If saturation still persists, 
the sample must be extracted at a higher level (i.e. mediumi) and reanalyzed. (IS intensities 
should be at least 20% or greater in the sample for correct dilution). 

2. If a sample is a:nalyzed at medium level, matrix spike and blanks analyses must also be 
performed for that level. 

3. If a surrogate re’covery for semivolatiles in any sample is less than lo%, the sample must be 
reextracted and. reanalyzed. If two acid surrogates or two base surrogates are out of 
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specifications in any sample, the sample must be reextracted and reanalyzed. Before a 
sample is reextracted, make sure your surrogate spike check is analyzed to ensure that there 
are no problems with the spiking solution itself. No sunrogates can be out of the criteria 
limits for VOAs or for the blanks for semivolatiles. 

IX. INSTRUMENT MAINTENANCE PROCEDURES 

A. Procedures 

1. 

2. 

3. 

4. 

Change septum every day. 

Change liners if dirty samples were run the previous day. 

Cut column if dirty samples were analyzed the previous day - 10 cm to -1 ft. in length. 

Change columns when poor chromatography is exhibited by the performance check 
solution. 

5. Clean the source if the septum gets dirty based on your tune and sensitivity. 

6. Use the spare source and clean the source from your system as soon as possible. 

7. Pump oil will be changed every quarter by HP maintenance (service people). 

8. Data system -- Heads will be cleaned by HP service and filters changed for disc drives. 

9. If there is any other system problems, check with your supervisor. 
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0 RUSH 0 REEXTRACT O TCLP O DIOXIN SAMPLE EXTRACL 
CLIENT _ DATE RfCEIVfD: 5 

roulh*r 
CASE: - EXlRACT DATE: 

Figure 7. Sample Extraction Log 
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GEL PERMEATION BENCHMATE: 

fZJ-lR~s~~4~~RAPHY coL;:;; 
FAACTION: N 

PAOTOCOL: 
-- 

CYCLE: 

CASE NLIMEEA: - 
--.- 

nME ) POSITIONI 1 SAMPLE I.D. -~ I I 

- - -- - -- - -- 
._- 

-- -- _-- - 3 
--.- -- -- 

COMPOUND 

F+llHMm a- 
Mo)KIxmMR 

PEAWNE - 

I 1 
INITIAL R.T. RNAL R.T. 

-- 

SWlJMTS l 1700 W.kur l 9nawkru,~‘74C12 l Oma 19111) 251.2858 l FAX (919) 2!il-2599 [EX0024M9241 I 

Flgure 2. Gel Petmeatfon Chromatography (GPC) Log 
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TABLE 1. 
DFTPP Key Ions and Abundance Criteria 

Mass Ion Abundance Criteria 

51 30.0 - 80.0 percent of mass 198 
68 less than 2.0 percent of mass 69 
69 Present 
70 less than 2.0 percent of mass 69 

127 25.0 - 75.0 percent of mass 198 
197 less than 1.0 percent of mass 198 
198 base peak, 100 percent relative abundance 
199 5.0 - 9.0 percent of mass 198 
275 10.0 - 30.0 percent of mass 198 
365 greater than 0.75 percent of mass 198 
441 present but less than mass 443 
442 40.0 - 110.0 percent of mass 198 
443 15.0 - 24.0 percent of mass 442 

TABLE 2. 
Surrogate Spike Recovery Umlb; 

Fraction 

BNA 
BNA 
BNA 
BNA 
BNA 
BNA 
BNA 
BNA 

Surrogate Compound 

Nitrobenzene-d, 
2Plourobiphenyl 
p-Terphenyl-d,, 
phenol-d, 
2-Flourophenol 
2,4,6-Tribromophenol 
2-Chlorophenol-d4 
1,2-Dichlorobenzene-d4 

Water Low/Medium Soil 

35-114 23-120 
43-l 16 30-l 15 
33-141 18-137 
10-94 24-113 
21-100 25-121 
lo-123 19-122 
33-110 20-130 (Advisory) 
16-110 20-l 30 (Advisory) 

TABLE 3. 
Matrix Spike Recovery Limits 

Fraction 

BN 
BN 
BN 
BN 
BN 
BN 
Acid 
Acid 
Acid 
Acid 
Acid 

Matrix Spike Compouiid Water Soil/Sediment 

1,2,4-,Trichlorobenzene 39-98 38-107 
Acenaphthene 46-l 18 31-137 
2,4Dinitrotoluene 24-96 28-89 
Pyrene 26-127 35-142 
N-Nitroso-Di-n-Propyiamine 41-116 41-126 
1 ,bDichlorobenzene 36-97 28-104 
Pentachlorophenol 9-103 17-109 
Phenol 12-110 26-90 
ZChlorophenol 27-123 25-102 
4-Chloro-3-Methylphenol 23-97 26-103 
4-Nitrophenol 10-80 11-114 
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TABLE 4. 
Characteristfc Ions for SemivolatIle TCL Compounds 

: : 
.... ,, ...... 

bis (-ZChloroethyll) Ether ................. 93 .... SI ...... 
2Chlorophenol .......................... 128 ...... I, ...... 
1,3dichlorobenzene 

64,130 
...................... 146 ...... ,, ..... 

1,6Dichlorobenzene 
.148,113 

...................... 146 ............. 
1,2-Dichlorobenze:ne 

.148,113 
...................... 146 ............ 

2-Methylphenol 
.148,113 

.......................... 108 .............. .107 
2,2’-oxybis( 1-Chloropropane) ............... 45 ............. 
rlMethylpheno1 

77, 79 
........................ ..lO 8 ............. ..lO 7 

N-Nitroso-Di-Propylamine ................. 70 ........... 
Hexachloroethane 

42,101,130 
........................ 117 ............ 

Nitrobenzene 
.201,199 

77 
Isophorone .......................................................... 82 :::::: 

.123, 65 
............. 

2-Nitrophenol 
95,138 

............................ 139 ............. 
2,4-Dimethylphenol 

65,109 
....................... 107 ............ 

bix (-ZChloroethaxy) Methane 
.121,122 

............. 93 ............. 
2,CDichlorophenol 

95,123 
....................... 162 ............ .164, 98 

1,2,4-Trichlorobenzene .................... 180 ............ 
Naphthalene.............................12 8.. 

.182,145 

4Chloroaniline 
......... ..129.12 7 

........................ ..12 7 ............. ..12 9 
Hexachlorobutadiene ................ .I. .. .225 ............. 
4-Chloro-3-methyllphenol 

223,227 
............. ... 107 ............ 

2-methyl(napthalene) 
.I. .144,142 

..................... 142 .............. .141 
Hexachlorocyclopa.tadiene ................. 237 ............ 
2,4$GTrichlorophe:nol 

.235,272 
.................... .196 ............ 

2,4,5-Trichlorophe:nol 
.198,200 

..................... 196 ............ 
2Chloronaphthalene 

.198,200 
..................... 162 ............ 

2-Nitroaniline 
.164,127 

... I, ........................ 65 ............. 
Dimethyl Phthalate 

92,138 
....................... 163 ............ 

Acenaphthylene 
.194,164 

. ., ........................ 152 ............ 
3-Nitroaniline 

.151,153 
..................... .. 

Acenaphthene 
-1. ... 138 ............ .108, 92 

............................ 153 ............ 
2,CDinitrophenol 
4-Nitrophenol 

.................................................................. 
.#. 

Dibenzofuran 
2,CDinitrotoluene 

........ 

.152,154 
.... 184 63,154 

109 
................................... 

.139, 65 
..16 8.. . ..13 9 

.............. : ........... 165 .............. 
2,6-Dinitrotoluene 

63,182 
......................... 165 ............. 

Diethylphthalate 
89,121 

.......................... 149 ............ 
4-Chlorophenyl-phenylether 

.177,150 
............... .204 ............ 

Pluorene 
.206,141 

.......................... 
4-Nitroaniline 

..~....16 6.. ......... ..165.16 7 
...................... ,, .;. ... 138 ............. 

4,6-Dinitro-2-Methylphenol 
92,108 

........... .I. ... 198 ............ .182, 77 
N-Nitrosodiphenylamine .I. 

.......................... 
....... 169 

4-Bromophenyl-phenylether .248 
........................ .168,167 

Hexachlorobenzene 
.250,141 

................... , .... 284 ............ 
Pentachlorophenol ....................... 

.142,249 
.266 ............ .264,268 

Phenanthrene............................17 8.. 
Anthracene..............................17 8.. 

......... ..179.17 6 

......... ..179.17 6 

(Table 4 continued on followingpage) 



SOUTHWEST LABORATORY OF OKLAHOMA, INC. MS515 
STANDARD OPERATING PROCEDURE FOR THE EXTRACTION OF 
SEMIVOLATILE ORGANICS REV: 3.2 - 11116J93 

TABLE 4. 
(Continuerd) 

Parameter Primary Ion 

Carbazole ............................. ..16 7.. ......... ..166.13 9 
Di-N-Butylphthalate ...................... 149 ............ .150,104 
Fluoranthene .......................... ..20 2.. ......... ..lOl,lO 0 
41: ene ................................ ..20 2 ............ .lOl,lO 0 
Butylbenzyphthalate ...................... 149 ............. 91,206 
3,3-Dichlorobenzidine .................... .252 ............ .253,125 
Benzo (a) Anthracene ..................... 228 ............ .229,226 
bis (2-Ethylhexyl) Pthalate ................. 149 ............ .167,279 
Chrysene.. ............................ ..22 8.. ......... ..226.22 9 
Di-N-Octyl Phthalate ..................... 149 - ............... 
Benzo (b) F’luoranthene .................. .252 .......... ., . .253,125 
Benzo (k) Fluoranthene .................. .252 ............ .253,125 
Benzo (a) Pyrene ........................ .252 ............ .253,125 
Indeno (1,2,3-cd) !Pyrene ................. .276 ............ .138,227 
Dibenz (a,h) Anthracene ................. .278 ............. 139,279 
Benzo (g,h,i) Perylene .................... .276 ............ .138,277 

TABLE 5. 
Characteristk Ions for Pesticides/PCBs 

Parameter Primary Ion secomialy Ion{ s) 

Alpha-BHC ........................... ..18 3.. ......... ..181,10 9 
Beta-BHC ... ,I ........................... 181 ............ .183,109 
Delta-BHC ............................ ..18 3 ........... ..181.10 9 
Gamma-BHC (Lindane) ................... 183 ............ .181,109 
Heptachlor ............................ ..lO 0.. ......... ..272.27 4 
Aldrin .................................. 66 ........... ..263.22 0 
Heptachlor Epoxidle ..................... .353 ............ .355,351 
Endosulfan I .... ......................... 195 ............ .339,341 
Dieldrin ................................. 79 ........... ..263.27 9 
4,4’-DDE ................................ .246 ............ .248,176 
Endrin.. .............................. ..26 3 ............. 82, 81 
Endrin aldehyde .......................... 67 ............ .250,345 
Endosulfan II ........................... .337 ............ .339,341 
4,4’-DDD ..................... :‘. ....... .235 ............ .237,165 
Endosulfan sulfate ....................... .272 ............ .387,422 
4,4’-DDT................................23 5 ........... ..237.16 5 
Methoxychlor .......................... ..22 7.. ........... ..22 8 
Chlordane (alpha and/or gamma) .......... .373 ............ .375,377 
Toxaphene ............................ ..15 9.. ......... ..231.23 3 
Aroclor-1016 ............................ 222 ........... ,a .260,292 
Aroclor-1221 ............................ 190 ........... I, .222,260 
Aroclor-1232 ............................ 190 ............ .222,260 
Aroclor-1242- . ,, ......................... .222 .... It ...... I, .256,292 
Aroclor-1248 ............................ 292 ............ .362,326 
Aroclor-1254 ........................... .292 .... I, ...... ,, .362,326 
Aroclor-1260 I, ........................... 360 .... I, ....... .362,394 
Endrin Ketone ........................... 317 ............. 67? 319 
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TABLE 6. 
Characterfstic Ions for Surrogate and 

Internal Standards for Scmirolaltllc Organic Compounds 

Compound 

SURROGATE STANDARDS 
Phenol-d, 
2-Huoro henol 
2,4,6-Tri romophenol & 
d-5 Nitrobenzene 
2-Flourobiphenyl 
Te henyl 
2-&orophenol-d 
1,2-Dichlorobenz&e-d, 

PrlmaFy ion 

l?l?2 
330 

i72 
244 
132 
152 

Secondary Ion(s) 

42.,71 

4;*2 141 
12R: 54 
171 
1212,212 
68,134 

115, 150 

INTERNALSTANDARDS 
1,4-Dichlorobemzne-d, 152 115 

Acenapthene-d Naphthalene-d 
Phenanthrene-d:,, 

164 136 68 16:2, 160 
188 

Chrysene-d,, 
94:, 80 

240 
Perylene-d,, 

120, 236 
264 260, 265 

TABLE 7. 
Sermivolatlle Internal Stgndasds with Corresponding 

TCL Analytes Assigned for Quantftatlon 

Phenol 
1,4-Dicblorobenzene-d, 

bis (2Chloroethyl) ether 
2-Chlorophenol 
1,3-Dichlorobenzene 
1,4-Dichlorobenzene 
1,2-Dichlorobenzene 
2-Methylphenol 
2,2’-oxybis-( 1-chloropropane 
4-Methylphenol 

1 

N-nitroso-Di-n-propylamine 
Hexachloroethane 
2-Fluorophenol (surr) 
Phenol-d6 (SW) 
2-Chlorophenol-d, (SUIT) 
1,2-Dichlorobenzene-d, (surr) 

PhenantJmne-d,, 
4,6-Dinitro-2-methylphenol 
N-nitrosodiphenylamine 
4-Bromophenyl Phenyl Ethel 
Hexachlorobenzene 
Pentachlorophenol 
Penanthrene 
Carbazole 
Anthracene 
Di-n-butyl Phthalate 
Fluoranthene 

?5u-r = surrogate compound 

0 
Napthalened. 

Nitrobenzene 
Isophorone 
2-Nitrophenol 
2,4-Dimethylphenol 
bis (2Chloroethoxy) methane 
2,CDichlorophenol 
1,2,4-Trichlorobenzene 
Naphthalene 
4-Chloroaniline 
Hexachlorobutadiene 
4-Chloro-3-methylphenol 
2-Methylnaphthalene 
Nitrobenzene-d, (SUIT) 

. . 

Chrysene-d,, 
Pyrene 
Butylbenzylphthalate 
3,3’-Dichlorobenzidine 
Benzo (a) anthracene 
bis(2-ethylhexyl) Phthalate 
Chrysene 
Terphenyl-d,, (SUIT) 

Acenaphthened,, 

- Hexachlorocyclopentadiene 
2,4,6-Trichlorophenoi 
2,4,5-Trichlorophenol 
2-Chloronaphthalene 
2-Nitroaniline 
Dimehtyl Phthalate 
Acenaphthylene 
2,4-Dinitrophenol 
4-Nitrophenol 
Dibenzofuran 
3-Nitroanatine 
l-cenaphthene 
2,4-Dinitrotoluene 
2,6-Dinitrotoluene 
DiethyP Phthalate 
4-Chlorophenyl phenyl ether 
Fluorene 
4-Nitroaniline 
2-Fluorobiphenyi (SUIT) 

_ 2,4,6-Tribromo Phenol (surr) 
Perylene-d,, 

- Di-n-octyl Phthalate 
Benzo (b) fluoranthene 
Benzo (k:) fluoranthene 
Benzo (a) pyrene 
Indeno ( 1,2,3-cd) pyrene 
Dibenz (a,h) anthracene 
Benzo (g,h,i) perylene 
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TABLE 8. 
Relative Response Factor Criteria for Initial and 

ContinuJng CaRiwtion of Semlvolatile Targ@t Cmlpounds 
Selnirolptllc 0-c Compunds Minhun RRF Maxhnuuu t%lWD M&mum %Diff 
Phenol .............................. ..0.80 0 ....... . ......... ..20.5 ............... 25.0 
bis(-2Chloroethyl)ether ................. .0.700 ................... 20.5 ............... 25.0 
2-Chlorophenol ........ ,I ............... .0.800 ................... 20.5 ............... 25.0 
1,3-Dichlorobenzene .... ................ .0.600 .................. -20.5 ............... 25.0 
1,4-Dichlorobenzene .... ,, ............... .0.500 ................... 20.5 ............... 25.0 
1,2-Dichlorobenzene .................... .0.400 .................. .20.5 ............... 25.0 
2-Methylphenol ..... ,, .................. .0.700 ................... 20.5 ............... 25.0 
4-Methylphenol ........................ .0.600 .................. .20.5 ............... 25.0 
N-Nitroso-Di-propylamine ............... .0.500 ................... 20.5 ............... 25.0 
Hexachloroethane ...................... .0.300 .................. .20.5 ............... 25.0 
Nitrobenzene ........................... 0.200 .................. .20.5 ............... 25.0 
Isophorone.............................0.4 00 ................... 20.5 ............... 25.0 
2-Nitrophenol .......................... 0.100 .................. .20.5 ............... 25.0 
2,4-Dimethylphenol .................... -0.200 .................... 20.5 ............... 25.0 
bis(-2Xhloroethoxy)metha:ne ............ .0.300 ................. .. 20.5 ............... 25.0 
2,4-Dichlorophenol ..................... .0.200 ................. .. 20.5 ............... 25.0 
1,2,4-Trichlorobenzene .................. .0.200 ................... 20.5 ............... 25.0 
Napthalene ............................ 0.700 .................. .20.5 ............... 25.0 
4-Chloro-3-methylphenol ................ .0.200 .................. .20.5 ............... 25.0 
2-Methylnaphthalene ................... .0.400 ................... 20.5 ............... 25.0 
2,4,6-Trichlorophenol .. ,, ................ .0.200 ................... 20.5 ............... 25.0 
2,4,5-Trichlorophenol ................... .0.200 ................... 20.5 ............... 25.0 
2Chloronapthalene ... ., ................ .0.800 ................... 20.5 ............... 25.0 
Acenaphthylene ........................ .1.300 ................... 20.5 ............... 25.0 
2,6-Dinitrotoluene ..................... ..0.2 00 ................. ..20.5 ............... 25.0 
Acenaphthene ......................... .0.800 .................. .20.5 ............... 25.0 
Dibenzofuran...........................0.8 00 ................. ..20.5 ............... 25.0 
2,4-Dinitrotoluene ....... (I .............. .0.200 ................... 20.5 ............... 25.0 
4-Chlorophenyl-phenylether ............. ,0.400 ................... 20.5 ............... 25.0 
Fluorene...............................0.90 0 ................. ..20 S ............... 25.0 
4-Bromophenyl-phenylether .............. 0.100 ................... 20.5 ............... 25.0 
Hexachlorobenzene ..................... 0.100 ................... 20 ..5 ............... 25.0 
Pentachlorophenol ..................... .0.050 .................. .20.5 ............... 25.0 
Penanthrene .......................... .0.700 .................. .20.5 ............... 25.0 
Anthracene ........................... .0.700 .............. ..... 20.5 ............... 25.0 
Fluoranthene ......................... ..0.6 00 ................. ..20.5 ............... 25.0 
Pyrene ................................ 0.600 ................... 20.5 ............... 25.0 
Benzo(a)anthracene .................... .a.800 .................... 20.5 ............... 25.0 
Chrysene .............................. 0.700 ................... 20.5 ............... 25.0 
Benzo(b)fIuoranthene .................. .0.700 ................... 20.5 ............... 25.0 
Benzo(k)Fluoranthene .................. .0.700 ................. .20.5 . ............. 25.0 
Benzo(a)pyrene ....... ., ................ .0.700 .................... 205 ............... 25.0 
Ideno(l,2,3-@pyrene .................. .0.500 ................... 20.5 ............... 25.0 
Dibenzo(a,h)anthracene ................. .0.400 ................... 20.5 ............... 25.0 
Benzo(g,h,i)perylene .................... .0.500 ................... 20.5 ............... 25.0 
Nitrobenzene-d, .......................................... 0.200 ................... 20.5 ............... 25.0 
2-Fiuorobiphenyl ..... ................... .0.700 ................... 20.5 ............... 25.0 
Terphenyl-d,, ............... ............................... 0.500 ................... 20.5 ............... 25.0 
Phenol-d, ................................................... 0.800 ................... 20.5 ............... 25.0 
2-Fluorophenol ........................ .0.600 ................... 20.5 ............... 25.0 
2-Chlorophenol-d, ....... ............................... 0.800 ................... 20.5 ............... 25.0 
1,2-Dichlorobenzene-d, ................................ 0.400 ................... 20.5 ............... 25.0 

Eight compounds: 2,&Dinitrophenol, 2,4,STrichlorophenoI, 2-Nitroaniline, 3, 
Nitroaniline,~Nitroaniline,CNitrophenol,4,6-Dinitro-2-Methylphenol,andPentachlo- 
rophenol will only require a four-point initial calibration at 50,80, 120 and 160 total 
nanoerams since detection at less than 501 nanoprams oer iniection is diffkult. 

Initial calibration 20,50,80, 120, and 160 ng. 
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TABLE 9. 
Target Compound List (TCL) and 

Contract Required Quantitatfon Umlb (CRQL) 

. OuaaEftatipnLunits ** 
Water Low SoWsedimentb 

Semivolatiles CAS Number CL@ mm 
1. Phenol .............................. ..108-95 2 ............. ..lO .............. 330 
2. bis(2ChIoroethyl)ether ................. .111-44-4 .............. .10 .............. 330 
3. 2-ChIorophenol..........................95-57- 8 ............. ..lO .............. 330 
4. 1,3-Dichlorobenzene ................... .541-73-l ............... 10 .............. 330 
5. 1,4-Dichlorobenxene ................... .106-46-7 .............. .10 .............. 330 

6. 1,2-Dichlorobenzene ................... ..95-50- 1 ............. ..lO .............. 330 
7. 2-Methylphenol ......................... .95-48-7 ............... 10 .............. 330 
9. 2,2’-oxybis(chloropropane) ............... .108-60-l ............... 10 .............. 330 
9. 4-Methylphenol ........................ .106-44-j ............... 10 .............. 330 

10. N-Nitrosodi-n-propylamine ............. .621-64-7 ............... 10 .............. 330 

11. Hexachloroethane .. ,I .................... .67-72-l ............... 10 .............. 330 
12. Nitrobenzene .... ,, . ..................... .98-95-3 ............... 10 .............. 330 
13. Isophorone .............................. 78-59-l ............... 10 .............. 330 
14. 2-Nitrophenol ..... ., .................... .88-75-j ............... 10 .............. 330 
15. 2,CDimethylphenol 1, ................... .105-67-g ............... 10 .............. 330 

16. bis(2ChIoroethoxy)methane ............. .111-91-l ............... 10 .............. 330 
17. 2,4-Dichlorophenol ..................... .120-83-2 ............... 10 .............. 330 
18. 1,2,4-Trichlorobenzene ................. .120-82-l ............... 10 .............. 330 
19. Naphthalene ........................... .91-20-3 ............... 10 .............. 330 
20. 4ChIoroaniline ........................ .106-47-8 ............... 10 .............. 330 

21. Hexachlorobutadiene .................... .87-68-3 ............... 10 .............. 330 
22. 4-ChIoro-3-methylphenol 

(para-chloro-meta-cresol) ................ .59-50-7 ............... 10 .............. 330 
23. 2-Methylnaphthalene . ,I .................. .91-57-6 ............... 10 .............. 330 
24. Hexachloroqclopentadiene ............... .77-47-4 ............... 10 .............. 330 
25. 2,4,6-Trichlorophenol . ................... .88-06-2 ............... 10 .............. 330 

26. 2,4,5-Trichlorophenol . %I .................. .95-95-4 .............. .25 .............. 800 
27. 2-Chloronaphthalene ..................... .91-58-7 ............... 10 .............. 330 
28. 2-Nitroaniline ....... I, ..................... 88-74-4 ............... .25 .............. 800 
29. Dimethylphthalate ...................... .131-11-3 ............... 10 .............. 330 
30. Acenaphthylene ....................... .208-96-8 ............... 10 .............. 330 

31. 2,6-Dinitrotoluene ..................... .606-20-2 ......... ,, ..... 10 .............. 330 
32. 3-Nitroaniline .... ...................... .99-09-2 ......... ,, .... .25 .............. 800 
33. Acenaphthene .......................... .83-32-g ............... 10 .............. 330 
34. 2,4-Dinitrophenol ....................... .51-28-j ......... ,, .... .25 .............. 800 
35. 4-Nitrophenol ......................... .lOO-02-7 ......... ,, ..... 10 .............. 800 

36. Dibenxofuran ........................ ..132-64- 9.. ........... ..2 5 .............. 330 
37. 2,4-Dinitrotoluene ...................... 121-14-2 ......... ,, .... .25 .............. 330 
38. Diethylphthalate ........................ .84-66-2 ............... 10 .............. 330 
39. 4ChlorophenyLphenyl ether ............ .7005-72-3 ............... 10 .............. 330 
40. Fluorene ............................. ..86-73- 7.. ........... ..lO .............. 330 

(Table 9 continued on followingpage) 
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T-9. 
{ConU.wedJ 

to 

Il;antftrmtfonLlmftfp* 

Water Low Sdl/Sedimentb 
Semivolatiles CAS Number I P%L EC@% 

41. 4-Nitroaniline ...... ., .................. .lOO-01-6 .............. .25 .............. 800 
42. 4,6-Dinitro-2-methylphenol ......... .534-52-l ......... I, .. .25 ............. 00 
43. N-nitrosodiphenylamine ............. .86-30-6 .............. 10 ............ 330 
44. 4-Bromophenyl-phenyl ether ......... 101-55-3 ......... II .. .10 ............ 330 
45. Hexachlorobenzene ................. 118-74-l ......... II ... 10 ............ 330 

46. Pentachiorophenol .................. .87-86-5 .......... .. .25 ............ 800 
47. Phenanthrene ...................... .85-01-8 ............. .lO ............ 330 
48. Anthracene ........................ 120-12-7 ............ .10 ............ 330 
49. Carbazole ......................... .86-74-8 ............ .10 ............ 330 
50. Di-n-butyiphthalate ................. .84-74-2 ............ .10 ............ 330 

51. Fluoranthene ..~...................X&4$- i ........... ..lO ............ 330 
52. Pyrene - - ............................ ............. 

:i :::: 
........ 330 

53. Butylbenzylphthalate ................. 85-68-7 ............. 330 
54. 3,3’-Dichlor0benzidin.e.. ............. .91-94-l ............ .10 .... :::::::: 330 
55. Benzo(a)anthracene ................ .56-55-3 ............. 10 ............ 330 

56. Ch 
2 

sene ......... ................ .218-01-g ............ .lO ............ 330 
57. bis( -Ethylhexyl)phth.alate ........... 117-81-7 ............ .10 ............ 330 
58. Di-n-oc 1 

rl 
H 

hthalate ................. 117-84-O ............ .lO ............ 330 
59. Benzo b uoranthene ............... 205-99-2 ............ .10 ............ 330 
60. Benzo k fluoranthene ............... 207-08-g ............ .lO ............ 330 

61. Benzo(a 
IT 
p ene .................... .50-32-8 ............ .lO ............ 330 

62. Indeno( , ,3-cd)pyrene .............. 193-39-5 ............. 10 ............ 330 
63. Dibenz(a,h)anthracene .............. .53-70-3 ............ .10 ............ 330 
64. Benzo(g,h,i)pervlene ................ 191-24-2 ............ .10 ............ 330 

b Medium Soil/Sediment Contract Required Quantitation Limits (CRQL) for SemiVolatile TCL 
Compounds are 60 times the individual Low Soil/Sediment CRQL. 

* Specific quantitation hmits are highly matrix dependent. The quantitation limits listed herein 
are provided for guidance and may not always be achieveable. 

. . 
** Quantitation limits ilsted for soil/sediment are based on wet weight. The quantitation limits 

calculated by the laboratory for soil/sediment, calculated on dry weight basis as required by the 
contract, will be higher. 
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TABLE IO. 
Standards Preparation 

Cont. Aliquot Total cont. Volume 
Compound P&d PL Vol. Ec.&/mL used&L 

Supelco Internal Std. Mix 2000 2000 4mL 1000 40 

STOCKSTANDARD 

Phenolic Mix 2000 400 
Haz. Subst. Mix 2000 400 
Haz. Subst. Mix 2000 400 
PAH Mix 2000 400 
B-N Mix-l 2000 400 
B-N Mix-2 2000 400 
Benzidine Mix 2000 400 
Acid Surr. Mix 2000 400 
B-N SUIT. Mix 1000 800 

1 

200 - 
200 - 
200 - 
200 - 

4mL 200 - 
200 - 
200 - 
200 - 
200 - 

Stock Std. 200 750 50 - 
IS Mix 1000 120 

I- 
3mL 50 - 

Stock Std. 200 400 1 80 - 
IS Mix 200 40 1mL 80 - 

Stock Std. 200 600 120 - 
IS Mix 1000 40 

I- 
1mL 120 - 
-- 

Stock Std. 200 800 160 
IS Mix loo0 40 

?- 
1mL 160 - 

Stock Std. 200 100 I- 20 - 
IS Mix 1000 40 1mL 20 - 

These standards are verified with EPA standards regularly. Every time a standard is made, it is re- 
corded in the current standards logbook. 
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SECTION 1 .O INDUCTIVELY COUPLED ARGON 
PLASMA 

1. INTRODUCllON 

A. This method is used for the determination of dissolved, suspended or total metals in a variety 
of matrices. Table I lists elements for which this method applies with current wavelengths used 
and laboratory detection limits. Elements and wavelengths will be added as new methods are 
developed. Detection limits are updated quarterly. 

B. This method describes the technique for the simultaneous multi-element determination of 
trace metals in solution using a Thermal-Jarrel Ash ICAP-61. The basis of this method is the 
measurement of atomic emission by an optical spectroscopic technique. Samples are nebulized 
and the aerosol that is produced is transported to the plasma torch where excitation occurs. 
Characteristic atomic-line emission spectra are produced by a radio-frequency inductively 
coupled plasma. The spectra are dispersed by a grating spectrometer and the intensities of the 
lines are monitored by photomultiplier tubes. The photo currents from the photomultiplier 
tubes are processed and controlled by a computer system. 

TABLE 1. ELEMENTS ANALYZED BY ICI’ AND THEIR 
CORRESFOIVDINC WAV$LENGTHS AND DETECTIOh! LIMITS. 

Element 
Detection 

Wavelength (nm) Limits, ug/L 
Aluminum.. ............... 308.215 ..................... 36.0 
Antimony.. ................ 217.581 ..................... 25.8 
Arsenic.. .................... 193.606 ..................... 32.1 
Barium ...................... 493.409 ..................... 16.1 
Beryllium .................. 313.042, ....................... 0.7 
Boron ........................ 249.678 ..................... 42.0 
Cadmium .................. 228.802 ....................... 2.8 
Calcium.. ................... 317.933 ................... 207.0 .. 
Chromium ................ 267.716 ....................... 1.9 
Cobalt ....................... 228.616 ....................... 7.6 
Copper ...................... 324.754 ....................... 3.9 
Iron ............................ 249.940 ..................... 27.0 
Lead .......................... 220.353 ..................... 17.4 
Magnesium ............... 279.079 ................... 126.0 
Manganese ................ 257.610 ....................... 2.5 
Mercury .................... 194.220 ..................... 50.0 

Detection 
Element Wavelength (nm) Limits, ug/L 

Molybdenum ........... . 202.030 ..................... 32.9 
Nickel.. ..................... . 221.604 ....................... 6.2 
Osmium 225.585 -- ................... ..................... 
Phosphorus.. .............. 214.914 ................... 100.0 
Potassium.. ................. 766.491 ................... 453.0 
Selenium .................... 196.026 ..................... 27.7 
Silicon ........................ 288.158 ................... 100.0 
Silver ........................ *I 328.068 ....................... 9.0 
Sodium ....................... 588.995 ................... 287.0 
Thallium.. .................. 190.864 ..................... 32.4 
Tin ............................. 189.989 ..................... 80.0 
Titanium ................... 334.941 ..................... 80.0 
Vanadium.. ................ 292.402 ....................... 6.0 
Zinc ........................... 213.856 ....................... 4.0 
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II. INT&SRPWRENCES 

A. Spectral Interferences 

1. Overlap of a spectral line from another element compensated by interelement correction 
by instrument. 

2. Unresolved overlap of molecular band spectra may require selection of an alternate 
wavelength. 

3. Background contribution from continuous or recombination phenomena. 

4. Background contribution from stray light from the line emission of high concentration 
elements. 

Note: Number 3 and 4 effects can usually be compensated by a background correction 
adjacent to the anaiyte line. 

B. Physical Interferences - affects associated with the sample nebulization and transport 
processes. Dilution may be necessary. 

111. APPARATUS 

A. Thermal-Jarrel Ash ICAP- optical emission spectrophotometer. 

B. IBM PC/AT computer with ThermoSPEC operating software. Automated background 
correction and interelement corrections. 

C. Radio frequency power supply with 2500 watts capacity. 

D. Liquid argon supply, 4300 cu.ft. 

E. Gilson - 240 Autosampler with 240 sample positions and 14 Q.A/QC position. 

M OPERATING CONDITIONS 

A. Start-Up 
I. 

1. Check that the argon tank main valve is open and the pressure is set to at least 60 psi. 

2. Turn on the plasma work coil coolant water and exhaust vents. 

3. Check that the drain tube is inserted into a plastic water bottle containing at least 8 inches 
of water. 

4. On the R.F. generator control panel, turn the forward power manual control rheostat 
knob counter clockwise to the off position. 

5. Turn the line and control circuit breaker switches on. The ,white power on lamp should 
be illuminated. 

6. Turn the torch gas toggle switch on and adjust flow meter to 18, turn the awdliary flow 
on to 0.5 and the sample gas flow to 0.6. 
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7. Purge the torch surfaces, the capillary tube and the drainage tube of air for at least 3 
minutes. 

8. 

9. 

10. 

11. 

Check that the blue R.F. off lamp on the generator is illuminated. 

Turn the Automatic Power Control switch to the manual position. 

Press the red R.F. on button. 

Turn the sample gas flow control knob counter clockwise until the fl owmeter ball stops 
falling. 

12. To ignite, slowly turn the forward power manual control .rheostat knob clockwise until 
the forward power meter reads 0.5 KW. 

13. Press the ignitor button on the front panel of the generator. You should see a faint 
filamentary plasma swirling in the outer tube of the torch. Gradually increase the forward 
power until the :plasma ignites. 

14. Once the plasma is lit, rotate the forward power rheostat knob until the forward power 
meter reading is 1.0 - 1.1 KW. 

15. Turn the autom,atic power control switch to the automatic position. 

16. Introduce the rinse solution into the plasma by rotating th.e sample gas control knob to 
a reading of 0.6. 

B. Shutdown 

1. Press the R.F. OFF button on the R.F. generator control panel. 

2. Turn off the gas at the tank while the toggle switches are still open. When both gauges 
on the tank read. 0, turn OFF the toggle switches. 

3. Turn off the torch coolant water. 

4. Turn the R.F. generator line and control circuit breakers off. 

REAGENTS AND STANDARDS ,. 

A, Nitric Acid, cont.: Baker Instra-analyzed for trace metal Analysis. 

B. Nitric Acid (1:l): Add 500 mL cont. HNO, to 400 mL ASTM Type II water and dilute to 
1 liter. 

C. Hydrochloric Acid, cont.: Baker Instra-analyzed for trace metal analysis. 

D. Hydrochloric Acid (1:l): Add 500 mL cone HCI To 400mL ASTM Type II water and dilute 
to 1 liter. 

E. Hydrogen Peroxide, 30%: Method Control Blank meets ACS !Standards. 

F. Standard Stock Solutions 

1. Inorganic Ventures, Inc. - use high purity inorganics as starting materials. Place into 
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solution with purified acids and 18 mega-ohm double deionized water. All standards are 
traceable to national standards. 

2. Spex Industries, Inc. - prepared from 99.995% - 99.999% pure elements assayed by wet 
chemical methods dissolved in 18 mega-ohm, double deionized water and electronic 
grade acids. Date solutions are received and opened are posted on each bottle. 

G. Blank Solutions 

1. Calibration blanks - dilute 2.0 mL of (1:l) HNO, and 10.0 mL of (1:l) HCL to 100 mL 
with ASTM Type II water. This blank is used in establishing the analytical curve and to 
flush the system between standards and samples. 

2. Preparation Blank - contains all the reagents and in the s,ame volumes as used in the 
processing of the samples. The preparation blank is carried through the complete 
digestion procedures and contains the same acid concentration in the final solution as the 
sample solution. 

H. Calibration Check Standard: A standard made from a different stock solution as that used for 
the calibration standards and analyzed immediately after calibration to validate calibration. 
Concentration of the calibration check standard is approximately at the mid-point of the 
calibration curve. 

VI. SAMPLE PREPARATION 

A. Separate operating procedures are written for the digestion of samples to be analyzed by the 
ICP depending on the matrix of the sample. 

A. 

B. 

C. 

D. 

E. 

Set up the instrument with proper operating parameters already established. The instrument 
must be allowed to become thermally stable before beginning. This usually requires at least 30 
minutes of operation prior to calibration. 

Initiate appropriate method file configuration on computer. 

Calibrate the ICP starting with the highest mixed standard.’ Plush the system with the 
calibration blank between each standard. Use at least three replicate exposures for both 
standardization and sample analysis. 

Begin the sample run by analyzing the calibration blank and calibration verification check 
samples. Analyze the blank and calibration check samples every 110 samples. Plush the system 
with the calibration blank between each sample. 

Record the analytical sequence on the ICPrun log. 
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VIII. CALCULAWON 

A. If dilutions were performed, the appropriate factor must be applied to sample values. 

B. Data should be reported in ug/L up to three significant figures. 

C. When rounding off vahres, use guidelines specified in EPA “Handbook for Analytical Quality 
Control in Water and Wastewater Laboratories”. 

IX. QUAUTYCONTROL 

A. Initial Calibration Verification 

1. Immediately after the ICP has been calibrated, the accuracy of the initial calibration is 
verified and documented for every analyte by the analysis of EPA Initial Calibration 
Verification Solution at each wavelength used for analysis. If the measurements exceed 
the control limits of 90 - 110% of the true value, the analysis must be terminated, the 
problem corrected, the instrument recalibrated, and the calibration reverified. 

B. Continuing Calibration Verification 

1. To ensure calibration verification during the analysis run, a continuing calibration 
verification standlard is analyzed for every analyte at each wavelength at a frequency of 
10% or every 2 hours during an analysis run, whichever is more frequent. The standard 
is also analyzed for every wavelength used for analysis at the beginning of the run and after 
the last analytical sample. The same continuing calibrat:ion standard must be used 
throughout the analysis runs for a case of samples received. If the measurements exceed 
the control limits of 90-110% of the true value, the instrument must be recalibrated and 
the preceding samples analyzed since the last good calibration verification must be 
reanalyzed. 

C. CRDL Standard 

1. To verify linearity near the CRDL an ICP standard at two times the CRDL or two times 
IDL, whichever is greatest, is analyzed at the beginning and end of each sample analysis, 
or a minimum of twice per 8 hour working shift, whichever is more frequent. This 
standard is run for every wavelength used for analysis except these for Aluminum, 
Barium, Calcium, Iron, Magnesium, Sodium, Potassium; No control limits for this 
standard have been set at this time. 

D. Initial and Continuing, Calibration Blank 

1. A calibration bla.nk is analyzed at each wavelength used for analysis immediately after 
each every initial and continuing calibration verification, at a frequency of 10% or every 
2 hours during the run, whichever is more frequent. If the absolute value of the blank 
exceeds the CRDL, terminate analysis, correct the problem, recalibrate and reanalyze 
all analytical samples analyzed since the last good calibration blank. 

E. Preparation Blank 

1. At least one preiparation blank must be prepared and analyzed with every Sample 
Delivery Group (SDG), or with each batch of samples digested, whichever is more 
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ANALYST: DATE 
cAuERAlloN 

IN(CIRUYENt sm: SOURCE 

1 Fe. K. Ma. Mn. Na. Ni, Pb, Sb. V. 21 
1 AQ, Al. Ba 8s. ca. cd, a. 
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frequent. This blank is used to ascertain whether sample concentrations reflect 
contamination in the following manner: 

a. If the absolute value of the blank is less than or equal to the CRDL no corrective 
action is necessary. 

b. If any analyte concentration in the blank is above the CRDL, the lowest concentration 
of that analyte in the associated samples must be 10x the blank concentration. If not, 
all samples less than 10x the blank concentration an.d above the CRDL, must be 
redigested and reanalyzed for that analyte. 

C. If the concentration of the blank is below 10x CRDL, all samples associated with 
the blank must be redigested and reanalyzed. 

F. Interference Check Sample (ICS) 

1. To verify interelement and background correction factors an ICP interference check 
sample is analyzed at the beginning and end of each analysis run or a minimum of twice 
per 8 hour working shift, whichever is more frequent. The ICS is obtained from EPA and 
consists of two solutions. Solution A consists of the interferants and solution AB consists 
of the analytes mixed with the interferants. An ICS analysis consists of analyzing both 
solutions consecutively for all wavelengths used. Results for the analyses of solution AR 
must fall within the control limits of + 20% of the true value for the analytes. If not, 
terminate the analysis, correct the problem, recalibrate and reanalyze the analytical 
samples analyzed since the last good ICS. 

G. Matrix Spike Sample 

1. The spike solution is added before digestion to provide information about the effect of 
the sample matrix on the digestion and measurement met.hodology. At least one spike 
analysis is performed on each group of samples of a similar matrix type and concentration 
or for each Samlple Delivery Group (SDG), whichever is :more frequent. 

2. Samples identified as field blanks cannot be used for spiked sample analysis. 

3. If the spike recovery is not within the limits of 75125% the data of all samples received 
associated with tlhat spike sample and determined by the same analytical method will be 
flagged with the letter “N”. An exception to this is when the sample concentration 
exceeds the spike concentration by a factor of four or more. 

H. Post Digested Spike 

1. When the pre-digested spike recovery falls outside the control limits and the sample 
result does not exceed 4x the spike added, a post-digested spike is performed except for 
Silver. 

2. Spike the unspiked aliquot of the sample at 2x the indigenous level or 2x CRDL 
whichever is greater. 

I. Duplicate Sample 

1. One duplicate sample is analyzed from each group of samples of a similar matrix type and 
concentration or for each Sample Delivery Group, whichever is more frequent. 
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2. Samples identified as field blanks cannot be used for duplicate sample analysis. 

3. A control limit of 20% for relative percent difference (RPD) is used for original and 
duplicate sample values greater than or equal to 5x CRDL. A control limit of + 
CRDL is used for sample values less than 5x CRDL. 

J. Laboratory Control Sample (LCS) 

1. Aqueous and solid LCS are analyzed for each analyte using the same sample preparations, 
analytical methods and QA/QC procedures employed for the samples. The aqueous LCS 
is obtained form EPA (or use the initial calibration verification solution). One aqueous 
LCS is prepared and analyzed for every group of aqueous samples in a Samples Delivery 
Group, or for each batch of aqueous samples digested, whichever is more frequent, If the 
percent recovery for the aqueous LCS falls outside the control limits of 80-120% 
(exception: Ag and Sb), the analyses must be terminated, the problem corrected, and the 
samples associated with that LCS redigested and reanaiyzed. 

2. The EPA provided solid LCS is prepared and analyzed using the same procedures as the 
samples, one solid LCS must be prepared and analyzed for every group of solid samples 
in a Sample Delivery Group, or for each batch of samples digested, whichever is more 
frequent. If the result for the solid LCS falls outside the control limits established by the 
EPA, the analyses must be terminated, the problem corrected and samples associated 
with that LCS redigested and reanalyzed. 

K. ICP Serial Dilution 

1. The ICP Serial Dilution analysis is performed on each group of samples of a similar 
matrix type and concentration or for each Sample Delivery Group, whichever is more 
frequent. 

2. Samples identified as field blanks cannot be used for serial dilution analysis. 

3. If the analyte concentration is at least a factor of 50 above t.he instrument detection limit 
in the original sample, an analysis of a 5 fold dilution must agree within 10% of the original 
determination. 

L. Instrument Detection. Limits 

1. Detection limits for the ICP are determined quarterly (every 3 months). The detection 
limits are determined on three nonconsecutive days using the following protocol: 

a. Alow level standard at three to five times the estimated IDLis measured seven times 
and the standard deviation is multiplied by three. 

b. The average detection limit for the three days is the IDL. 

M. Interelement Corrections 

1. Interelement corrections are determined quarterly by analiyzing 1000 ppm standards of 
the interferants and determining the effect on the analytes. 
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N. Linear Ranger 

1. A linear range check standard is analyzed quarterly for each element analyzed by ICP. 
The analytically determined concentration must be within + 5% of the true value. This 
concentration is the upper limit of the ICP linear range beyond which results cannot be 
reported without dilution of the analytical sample. 
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SECTION 2.0 MATRIX SPiKE SOLUTIONS 

A. At least one predigested spike sample analysis must be performed on each group of samples 
of a similar matrix type and concentration or for each Sample Delivery Group, whichever is 
more frequent. The following is the procedures for preparing %the spiking solutions used. 

II. ICP/AA SOWTION WI 

A. Using Class A volumetric pipettes, add IV-30, IV-40,lOOO ppm (antimony and cadmium at the 
following volumes to a 100 mL volumetric flask. Add 2 mL of cont. HNO, and dilute to 100 
mL with ASTM Type: II water. 

ELEMENT 
Aluminum 
Antimony 
Barium 
Beryllium 
Cadmium 
Chromium 
Cobalt 
Copper 
Iron 
Manganese 
Nickel 
Vanadium 
Zinc 

Cont. of mL of stock 
Stock Sol. Sol./100 mL 

20000 1.0 
1000 5.0 

20000 1.0 
50 10.0 

1000 0.5 
200 1.0 
500 10.0 
250 10.0 

1000 10.0 
500 10.0 
500 10.0 
500 10.0 
500 10.0 

Final Cone. Cont. in 
spiking matrix spike 

soQqun) 0w.J 
200 2000 
50 500 

200 2000 
5 50 
5 50 

20 200 
50 500 
25 250 

100 1000 
50 500 
50 500 
50 500 
50 500 

B. For aqueous samples add 1.0 mL of spiking solution. Final volume of digestate = 100 mL. 

C. For soil samples add 2.0 mL of spiking solution. Final volume of digestate = 200 mL. 

III. ICP/AA SOwTION #2 

A. Using a Class A volumetric pipette add the 1000 ppm stock standard at the following volume 
to a 100 mL volumetric flask. Add 2.0 mL of cont. HNO, and dilute to 100 mL with ASTM 
Type II water. This solution should be made fresh weekly. 

ELEMENT 
Silver 

mL of 1000 Cont. of Spiking 
PPM SW100 mL Solution (PPM) 

0.5 5 

Final Cont. in 
Matrix Spike (u&L) 

50 

B. For aqueous samples add 1.0 mL of spiking solution. Final volume of digestate = 100 mL. 

C., For soil samples add 2.0 mL of spiking solution. Final volume of digestate = 200 mL. 
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IVL ICP/AA SOUJTlON #3 

A. Using Class A volumetric pipettes add the 100 ppm stock standards at the following volumes 
to a 100 mL volumetric flask. Add 2 mL of cont. HCl and dilute to 100 mL with ASTM Type 
II water. 

ELEMENT 
Arsenic 
Lead 
Selenium 
Thallium 

mL of 1000 
PPM SW100 mL 

20.0 
5.0 

20.0 
20.0 

Cont. of Spiking 
Solution (PPM) 

200 
50 

200 
200 

Final Cont. in 
Matrix Spike (ug/L) 

2000 
500 

2000 
2000 

B. For aqueous samples add 1.0 mL of spiking solution. Final volume of digestate = 100mL. 

C. For soil samples add 2.0 mL of spiking solution. Final volume of digestate = 200 mL. 

v. FURNACE SOLlJTlOhl#4 

A. Using Class A volumetric pipettes make a 100 ppm intermediate stock solution for the 
elements listed below. This is done by adding 10 mL of the 1000 ppm stock solution to a 
separate 100 mL volumetric flask. Add 2 mL of cont. HNO, and dilute to 100 mL. For the 
matrix spike solution add the appropriate amounts of the 100 ppm intermediate stock solution 
to a 100 mL volumetric flask. Add 2 mL of cont. HNO, and dilute to 100 mL with ASTM 
Type II water. 

ELEMENT 
ml.4 of 1000 Cont. of Spiking 

PPM SW100 mL Solution (PPM) 
Final Cone. in 

Matrix SDike (w/L) 
Arsenic 4.0 4.0 40 
Cadmium 0.5 0.5 5 
Lead 2.0 2.0 20 
Selenium 1.0 1.0 10 
Thallium 5.0 5.0 50 

B. For aqueous samples add 1.0 mL of spiking solution. Final volume of digestate = 100 mL. 

C. For soil samples add 12.0 mL of spikingsolution. Final volume ‘of digestate = 200 mL. 

VI. MERCURY SOLUTION #5 

A. Using Class A volumetric pipettes make a 10 ppm intermediate stock solution by adding 1.0 
mL of the 1000 ppm stock solution to a 100 mL volumetric flask. Add 2 mL of cont. HNO, 
and dilute to 100 mL. For the matrix spike solution add the appropriate amount of the 10 ppm 
intermediate stock solution to a 100 mLvolumetric flask. Add 2.0 mL cont. HNO, and dilute 
to 100 mL with ASTM Type II water. 

ELEMENT 
Mercury 

IUL of 1000 
PPM SW100 mL 

1.0 

Cont. of Spiking 
Solution (PPM) 

100 

Final Cont. in 
Matrix Spike (ug/L) 

1.0 
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B. For both aqueous and soil samples add 1.0 mL of spiking solution. Final volume of digestate 
= 100 mL. 

C. The matrix spike solution should be made fresh each day of use. 

VII. CYANIDE SOLUWON #6 

A. Using a Class A volumetric pipette add the 1000 ppm stock standard at the following volume 
to a 100 mL volumetric flask. Add 1.0 gram of NaOH and dilute to 100 mL with ASTM Tjpe 
II water. This solution should be made fresh daily. 

mL of 1000 Cont. of Spiking Final Cont. in 
ELEMENT PPM SW100 mL Solution (PPM) Matrix Spike (ug/L) 
Cyanide 5.0 50 100 

A. For both aqueous and soil samples add 1.0 mL of spiking solution. Final volume of digestate 
= 250 mL. 
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SECTION 3,O Summary of Furnace Analysis 

I. SAMPLES ARE RECEJVED FROM CLIENTS 

II. SAMPLE LOG IN TO UMS SYSTEM 

A. Sample Custodians will assign the proper test codes to each sample according to the customers 
traffic log. 

Ill. SAMPLE PREPAJ?ATJON FOR FURNACE AND MERCURY MEBTALS 

A. By looking at LIMS t.he Inorganic or Metals Program Manager will assign digestions that are 
required. 

B. The Sample Prep Technician will then digest or prep samples according to the procedure of 
the methods used. 

C. After being prepped,, he/she will place the digestion in the designated cabinet. 

N. WORKSHEETS AND PRIORITY LIST 

A. The Furnace Supervisor or the Senior Furnace Operator will make up the worksheets for the 
furnace metals. 

B. Then they will place the digestion on the priority list. 

v. ANALYSIS FOR REOUJRED METALS 

A. The first thing the anaiyst will decide is which digestion he/she will do. This will be dictated by 
the priority list. 

B. Before starting the actual analysis, the analyst will decide what protocol they will have to use 
(either Private or CL,P), then run samples according to that protocol. _. 

C. Once an analyst finish.es what he/she is working on, they will look: the priority list and the folder 
with the rest of the worksheets, and start working on the next group of digested samples that 
is due. 

VJ. WRITE-UPS FOR EACH RUN TO BE DONE 

A. When the run is done, the analyst will fill out the worksheet and do the write-up according 
to protocol. 
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VII. DATA REVIEW 

A. Once the write-up is done it will be required to be given to the Furnace Supervisor or the Senior 
Furnace Operator for data review. 

VIII. DATA GlVEN TO DATA CLERKS 

A. After the data has been reviewed, all CLP protocol data will go to the Inorganic Data Clerks, 
and the Private protocol will go into the instrument box for st.orage. 

UC. DATA TAKEN OFF LIMS AND WORKBOOK 

A. After the data has been reviewed and the digestion is completely analyzed, the Furnace 
Supervisor will designate a person to enter the results in LIMS and put it in the book if 
necessary. 

X STORAGE AND DISPOSAL OF SAMPLES 

A. After each digestion has been analyzed for all elements required, they will be stored for a 
predetermined length of time. 

B. After the predetermined length of time is up, the samples will be disposed of according to 
protocol. 
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SECT1OW 4.0 Graphite Furnace Atomic 
Absbrption Spectrometry 

I. INSTRUMENTATlON 

A. 1 - Perkin Elmer 5000 spectrophotometer HGA500 Furnace Zeeman background correction 

AS-40 auto sampler 

As, Se EDL lamps 

B. 1 - Therm0 Jarrell Ash Video 22E AA spectrophotometer 

CTF 188 Atomizer 

Smith-Hieftye background correction 

ISC 75 microprocessor controlled auto sampler 

Pb, Tl HCL lamps 

*The TJA22 is also supplied with air which powers the door mechanism on the auto 
sampler. 

c. 2 - Perkin Elmer 5100 spectrophotometer 

HGA-600 Furnace 

Zeeman background correction 

AS-60/70 auto sampler 

As, Pb, Se, Tl EDL lamps 

Pb, Tl HCL lamps 

*All instruments are supplied with zero grade Argon and cooled with water coolers 
filled with distilled water. 

,. 

II. DAlLY OPERATION 

A. If the analyst has any problem with the daily operation of the instruments, they are instructed 
to look at the accompanying manuals 

Ill. THEORY OF GRAPHITE FURNACE ATOMIC ABSORPTION 
SPECl’ROPHOTOMEl’RY 

A. Every analyst should thoroughly understand the principles and practices of atomic absorption. 
Should you need references upon this subject, consult the following text: 

1. Graphite Furnace: AAS, a Source Book, Slavin, W. 
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2. Concerns. Instrumentation, and Techniques in Atomic Absorption Snectronhotometrv, 
Beaty, R.D. 

M SAFETY INFORMATION 

A. Never look directly at the furnace during the atomization state without the proper eye 
protection. 

B. Never touch the ato.mizer cell until it has returned to ambient temperature. 

C. Follow standard safety procedures for the handling of hazardous materials. 

v. PARAMETRRS 

A. Parameters for each instrument and element are placed in a logbook (which is explained in the 
last section of this SOP). It should be noted that the temperatures are employed as guidelines. 
Since temperature sensing mechanisms and temperature controllers can vary with time, the 
validity of the furnace parameters must be periodically confirmed by systemically altering the 
furnace parameters while analyzing a standard. In this manner, losses of analyte due to higher 
than necessary temperature settings or losses in sensitivity due to less than optimum settings 
can be minimized. 

VI. ROUTlNEMAlNTENANCE 

A. Everyday before replacing the graphite tube, wipe off the excess carbon residue on the contact 
rings. 

B. As the contact rings are being wiped off, check for wear and if worn, replace them. 

C. Clean the quartz windows daily with methanol and dry with a soft, lint-free cloth. 

D. Clean the workhead surface daily. 

E. Make sure the water reservoir is full and empty the waste bottle daily. 

F. For other required maintenance, check with the accompanying.instrument manual. 
* Directions for changing contact rings and replacing graphite tubes are in the respective 

instrument manuals. 

VII. TROUBLE SHOOTING 

A. Each instrument manual has a section on trouble shooting common problems within each 
system. It is the.refore advised that each analyst consult these manuals first. 

B. If the instrument manual fails to show any light on the problem, it is advised to ask one of the 
managers or the Lead Furnace Operator. 

C. If none of these are alround, you are advised to call one of the following: 
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1. Electronics Plus (Alan Brasil or Rollie Scot) 
Telephone Number (918) 250-1505 

Electronics P1u.s has our maintenance contracts for the TJA22 and the PESOOO. They will 
be helpful for most problems with these instruments. 

2. Perkin-Elmer (Ernie Riggs or Art Ingraham) 
Telephone Number (918) 743-5302 or 743-5303 

Ernie and Art are our Field Service Engineers for both of the PESlOOs. Call either one 
of them if we have any mechanical problems with the instrument. They will also be able 
to answer a limited amount of technical questions. 

3. Perkin-Elmer (Martha Cole) 
Telephone Nulmber (713) 530-5554 

Martha is an applications specialist and should be able to answer all technical questions. 

4. Thermo-Jarrel Ash (ask for AA specialist) 
Telephone Number (508) 520-1880 

At this phone number you should be able to get any answers you have that Electronics 
Plus could not answer. 
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SECTION 5.0 Elemental Analysis - As, Pb, Se, TI 

1. APPLlCAllON 

A. Tested Concentratioln Range: 

1. Arsenic: 10.0 - 100.0 ug/l 

2. Lead: .3.0 - 100.0 ug/l (Perkin-Elmer 5100s) 
.3.0 - 50.0 ug/l (TJA22) 

3. Selenium: .5.0 - 50.0 ug/l 

4. Thallium: 10.0 - 50.0 ug/l 

B. Instrument Detection Limits 

1. We will determi:ne these every three months as required by the EPA. They are determined 
by running 7 consecutive measurements of a 3x - 5x standard solution on three 
nonconsecutive days. Then taking the standard deviations of each day and adding them 
together, we will1 receive the IDL for that instrument. 

C. Interferences 

1. Molecular absorption bands - the use of background correction should eliminate this 
interference. 

2. Memory effects - clean tube by operating at atomization temperature. 

3. Carbide formation - the use of a pyrolytically coated. graphite tube reduces this 
interference. 

4. Anion interference - the use of nickel nitrate matrix modifier reduces this effect. 

D. Safety Information 

1. Never look direlctly at the furnace during the atomization. state without the proper eye 
protection. 

2. Never touch the: atomizer cell until it has returned to ambient temperatures. 

3. Follow standard safety procedures for the handling of hazardous materials. 

II. PREPARATION OF STANDARDS 

A. Source of all the standards we use are from separate Plasma-Chem standards containing 
1000.0 mgil of each of the elements. The exception is the standard for the ICV and LCSW, 
which we receive from the EPA. 

B. Two intermediate standards are made every 8 weeks, while two more intermediate standards 
are made every week,. 

C. All calibration standalrds are made up every day. 
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D. All calibration standards are made up with ASTM Type II water and made as 1% HNO . 
Specific directions of how to make them up and when, are at the beginning of the calibration 
and standards notebook. 

III. INSTRUMENT CAlJBRA’TlON 

A. Calibration 

1. Set up spectrophotometer, furnace and autosampler according to manufacturers 
recommendations.. 

2. Analyze the calibration blank to establish the baseline. 

3. Optimize the instrument by adjusting operating parameters to achieve maximum 
response. 

4. Beginning with the blank and working toward the highest standard, inject the solutions 
and record the readings. 

B. Analysis of Calibration Data 

1. Tabulate the calibration standard concentration versus peak area response for each 
calibration standard. 

2. Analyze the data by linear regression on calculator. Correction coefficients must be 
greater than 0.995 before proceeding with analysis. 

A. Set up instrument para.meters according to current optimized parameters, as discussed in 
Section V of the Graphite Furnace AA Spectrometry. 

B. Calibrate instrument following procedure in Section III. 

C. Analyze samples using lthe appropriate Protocol as explained in ,the next section. 

,. 
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SECTION 6.0 Protocol - CLP & Private 

I. CAIJBRATION CHECKS 

A. Initial Calibration Verification 

1. After the system has been calibrated, the accuracy of the initial calibration shall be 
verified and documented by the analysis of an EPA supplied standard at a concentration 
other than that used for calibration, but within the calibration range. 

2. The measurement must be within + or - 10% of the trace value or the analysis must be 
terminated, the problem corrected, the instrument recahbrated, and the calibration 
reverified. 

B. Calibration Blank 

1. A calibration blank is analyzed immediately after the calibration verifications. 

2. Blanks are to be reported down to the instrument detection limit. 

3. If the absolute value of the blank is greater than 3.0 ppb, terminate analysis, correct the 
problem and recalibrate. 

C. Continuing Calibration Verification 

1. To assure calibration accuracy during each analysis run, an independently prepared 
standard solution, will be analyzed at the frequency of 10% or 20 injections after the last 
analytical sample. 

2. If the deviation of continuing calibration verification is greater than + or - 10% of the 
true value, the instrument will be recalibrated and the proceeding 10 samples reanalyzed. 

D. Sample Analysis 

1. Analyze each salmple, except during Full Method of Standard Addition (MSA) with 
duplicated injections. If the value is within the calibration range, record the concentration 
values for both injections, the average value and the coefficient of variation (CV). For 
concentrations greater than the CRDL, the CV between duplicate injections must agree 
within 20%, or the sample must be rerun once. 

2. All analytical samples, except the predigested spike sample, requires an analytical spike 
to determine if the MSAwill be required for quantitation. For lead the spike concentration 
will be 20.0 ppb., all others will be 2 x CRDL. The analytical spike of a sample will be run 
immediately after that sample. The percent recovery (!%R) of the spike will then 
determine how the sample will be quantitated as follows: 

a. If the spike recovery is less than 40%, the sample will be diluted by a factor of 5 and 
rerun with another spike. If after dilution the spike recovery is still <40%, the data 
will be reported and flagged with an “E” to indicate interference problems. 

b. If the spike :recovery is greater than 40% and the sample concentration is ~50% of 
the spike, the sample result will be reported to the IDL. If the spike recovery is less 
than 85% o.r greater than 115%, the data will be flagged with a “W”. 
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C. If the sample concentration is >.50% of the spike and the spike recovery is between 
85%-115%, the sample will be quantitated directly from the calibration curve and 
reported to the IDL. 

d. If the sample concentration is 2 50% of the spike and the spike recovery is ~85% 
or >115%, the sample must be quanritated by MSA. 

3. The following will be used for MSA analysis: 

a. 

b. 

C. 

d. 

e. 

Data from MSA calculations will be within the linear range as determined by the 
calibration curve generated at the beginning of the analytical run. 

The sample and three spikes will be analyzed consecutively for MSA quantitation, 
only single injections will be used. 

Spikes will be prepared such that: 

Spike 1: is approximately 50% of the sample absorbance. 

Spike 2: is approximately 100% of the sample absorbance. 

Spike 3: is a.pproximately 150% of the sample absorbance. 

The data for each MSA analysis will be identified in the raw data documentation 
along with the slope, intercept, and correlation coefficient (r) for the least squares 
fit of the data. Reported values obtained by MSA will be flagged on the data sheet 
with the letter “S” if the correlation coefficient is greater than or equal to 0.995. 

If the correlation coefficient (r) is less than 0.995, the MSA analysis will be repeated 
once. If the correlation coefficient is still less than 0.995, the result with the best 
correlation coefficient will be reported and flagged with a “+“. 

E. The above procedure is the procedure for CLP protocol. It is also further explained in Section 
E of your SOW 7/88 & 7/89. For Private Client protocol, ask your supervisor. 
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SECTTON 7.0 Raw Data Requirements 

I. SAMPLE LABELING 

A. All CLP Protocol must be labeled with EPA Sample Number and AATS I.D. Number. 

B. All Non-CLP Protocol must be labeled with AATS I.D. and client name. 

II. CODES FOR LABELING DATA 

A. Table 1 located on page B-11 of SOW 7/88 is used to identify t.he following on all raw data: 

1. Calibration standards, including source and preparation date. 

2. Initial and Continuing Calibration Blanks and Preparation Blanks. 

3. Initial and Continuing Calibration Verification standards, CBA standards. 

4. Diluted and undiluted samples and all dilutions and volumes used to obtain the reported 
values. 

5. Duplicates. 

6. Spikes (indicating standard solutions used, final spike concentrations, and volumes 
used). 

7. Instrument used, any instrument adjustments, data corrections or other apparent ab 
normalities in th.e measurement record, including all data voided or data not used to 
obtain reported values and a brief written explanation in the case narrative. 

8. All information for each furnace analysis clearly and sequentially identified on the raw 
data: 

a. EPA Sample Number 

b. Sample and analytical spike data 

C. Percent rec:overy ,. 
d. Coefficient of variation 

e. Full MSA diata: 

. MSA correlation coefficient 

. Slope 

. Intercepts of linear fit 

. Final sample concentration (standard addition concentration) 

. Type of background correction used: 

BZ for Zeeman 

BS for Smith-Heiftje 
Page 23 of 42 



SOUTHWEST LABORATORY OF OKLAHOMA, INC. MT910 
STANDARD OPERATING PROCEDURE 
FOR THE ANALYSIS OF METALS REV: 2.1 - 4f lW94 

*NOTE: For any samples on which MSA ‘s are required, the samples will be labeled 
“0’: “I”, Y?: or “3” at the end of the Sample I.D., with the value of the spike added 
by “1’: “2’: or “‘3”. 

9. Time and date of each analysis. Instrument run logs can be submitted if they contain this 
information. 

a. If the instrument does not automatically provide times of analysis, these must be 
manually entered on all raw data for Initial and Continuing Calibration Verifications 
and Blanks, as well as Calibration standards and CRDL standards. 

10. Integration times for AA analysis. 
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SECTIOIU 8,O Logbook Write-up [Manually) 

1. HEADER INFORMAnON 

A. Analyst: Fill in the analyst’s initials, then your initials (JDRJDR). 

B. Date: Write in the day or days it was done on in the following, format; mm/dd/yy. 

C. Instrument: Fill in the instrument that the data was run on. 

D. Bkgrd: Fill in the background correction used upon the analysis. 

E. Element: Write in th.e element being analyzed. 

F. Wavelength: Fill in the element’s wavelength. 

G. Calibration Source: ‘Write in “Plasma-Chem STD 1A.” 

H. Calibration Prep Da,te: Fill in the first day of analysis. 

II. CAUBRATION FOR ANALYSIS 

A. Underneath the concentration column write in S###, with the ### standing for the 
concentration value for that standard. 

B. Under the ABS column fill in the average absorbance for each standard (excluding SO in which 
you would write in AZ). 

1. If the analyst does happen to run more than 5 standards, then continue down into the 
samples box. 

C. Under the r column (after you cross the “r” out and write in “Time”) fill in the time for each 
analysis. 

III. SAMPLES BOX 

A. In the Client I.D. column should go the following: 

1. EPA numbers 

2. Private Client Numbers (if they are CLP Protocol) 

3. Client Names (if Private Protocol) 

*Note: The Private and EPA CLP protocol numbers at times will havelmight have one of 
the following at the end of the number: D, S, 0, I, 2, 3, or A. 

B. In the AATS I.D. column should go the following: 

1. QA/QC (ICV., ICB, CRA, CCV, CCB, PBS, PBW, LCSS, LCSW, BLK, BLK SPK); 

2. AATS LD.‘s (which include all in the following format: .####.##) 
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C. 

D. 

E. 

F. 

G. 

H. 

*Note: If there ti an MSA on the run, w&e in the AATS number for the first one, then write 
in on thk spiked samples the value it was spiked at. 

The first Burn ABS/Conc. column should be used for the times of each analysis. Cross out the 
heading and write “Time” above the box. For PE5100 runs, the times should be on the raw data 
and for the TJA22 and PE5000, the times should be written in manually. 

The second Burn AEIS/Conc. column is used only for the absorbance of MSA’s. Write in the 
absorbance only. The concentrations are not needed for MSA’s. Circle the “ABS” in the 
heading when using this column. 

In the Average ABSKonc. column should be written all of the average concentrations exactly 
how they are shown Ion the raw data. 

The Dilution Factor (column is used for designating dilutions. For example, a sample that was 
diluted 1:4 will have a final concentration X 5. Write the dilution factor in for both the straight 
sample and the analytical sample. 

The Final Concentration column should be used for all the final calculated data. For diluted 
samples, be sure to multiply by the correct factor. For CLP Protocol samples under the IDL, 
write in the IDL in this column. For Non-CLP Protocol samples under the CRDL, write in 
the CRDL. For example: a CLP Protocol sample has a value of 0.80. The IDL is 2.0, therefore, 
the value written in is 2.OU. The same applies for Non-CLP Protocol. When rounding up 
numbers, use the following rule: less than 10 = 2 significant figures; greater than 10 = 3 
significant figures. 

The Comments column is used for writing the following: 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

True Value/Percent Recovery: for ICV, CCV, matrix and analytical spikes. 

MSA: If the sarnple requires one. 

HRSD(S) or (A): with the % RSD between injections written above. (S) stands for the 
sample and (A) stands for the analytical sample. 

L%R: If the percent recovery of the analytical spike is <:40%. 

Overcal: This is for samples higher than our largest standard. 

Dil X:X: to call for a dilution next time we run that sample. 

Any explanation about the performance of the instrument or the order of samples. 

N. MULTl-PAGE WRITE-UPS 

A. When going onto the: next page with the same calibration, the calibration box does not have 
to be written up again. Only fill out the header information as d.etailed in Section I, A-H. This 
applies to all pages under the same calibration. 

Page26of42 



SOUTHWESTLABORATORY CIF OKLAHOMAJNC. Ml-910 
STANDARD OPERATING PROCEDURE 
FOR THE ANALYSIS OF METALS REV: 2.1 - 4/18/94 

SECTION 8.0 Automatic Data Write-Ups 

1. PERKIN-ELMER 51 OOS 

A. Before starting the analysis, make sure you have put in your data file of XYYYYZZ; 

1. X is either A or B depending on which instrument is used. 

2. Y is the month and day. 

3. 2 is the hour the run is started. 

B. The next step is to reformat the files. 

1. Enter “Reformat Files” in windows selection. 

2. Select the file desired to be reformatted from the selection on the screen and press 
“Enter”. 

3. From the list of selections, select Smartlog. 

4. After you have typed out the appropriate date, file select “Execute Reformat”. 

C. Now to copy the file to the diskette: 

1. Exit to DOS 

2. Go into the WCUSER\AA_FILES data directory. 

3. Type “COPY XYYYYZZ.PRN A:” 

D. The next step is to transfer it to the Telecations software. After you reach the Smartlog 
Program on another computer: 

1. Load the Furnace file 

a. Go to the ‘Load File” option and hit “Enter”. 

b. Choose “F’s” for an archive file. 

C. Type “FUFtNACE”. You are now in the \ARCHIV’ES\FURNACE directory. 

2. Load the data file 

a. Cursor to “Automatic” and hit “Enter”. 

b. Choose “F5” for ASCII file. 

C. Type “A:XYYYYZZ.PRN”, and press “Enter”. 

d. Type “8;1;16;57;40;17;41;0” to choose the fields, press “Enter”, and press “FlO” 
to load. 

E. Choose “Data Review” from the main menu, and press “F2” to review all data. You will need 
to make sure everything is entered correctly and in accordance with the manual write-up 
requirements. 

Page27of42 



SOUTHWEST LABORATORY OF OKLAHOMA, INC. MT910 
STANDARD OPERATING PROCEDUIRE 
FOR THE ANALYSIS OF METALS REV: 2.1 - 4/18/94 

F. To type out the run, after updating the data, you will need to isolate the run; 

1. Choose “Data Review” 

a. Isolate the data by “Report Name” 

b. Type in the given report name 

C. When the isolated data comes up on the screen, press “FS” for “Print Report” 

d. You would then press “F6” for “Custom” 

e. Then type in the correct report name and press “Enter. 

G. As for now the TJA22 and PE5000 do not have the capabilities for automatic write-ups, but 
are expected soon. 

l Procedures may change due to the process of an upcoming network. 

l This is a short summery covering the automatic data entry. If any further information 
is needed, refer to “Logbook Write-Up - Manually”. 

,. 
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SECTION 9.0 Worksheet Requirements 

1. WORKSHEEI’S 

A. Worksheets should be finished by the instruments that starte:d them under the same linear 
range. 

B. When starting a ne:w worksheet, always look on the prepped furnace case sheet on the 
clipboard to find the case which is due first. Always start the case which is due the soonest, 
unless told otherwise. 

1. When a sample is finished: 

a. Write your initials and the date in the Date/Analyst column. If the entire case 
worked, with no reruns, put an arrow all the way down the column. If there are any 
reruns, adljust arrows accordingly. 

b. The Result column is the actual concentration, rounded to necessary significant 
figures. The IDL or CRDL is also written in this column. When a figure is written 
in this column, this signifies that the sample has been done. 

C. The Comments column is used to write the instrument used, as well as rerun 
comments. 

(1) The following initials are used for instrument.s: 

PE5100A - A 
PE5100B - B 
PE5000 - P 
TJA22 - T 

(2) The following comments are to be written in case of reruns: 

l HRSD(S) - write %RSD above when RS.D of sample is > 20% 

l HRSD(A) - write %RSD above when RSD of analytical sample is ~20% 

* L%R- when analytical recovery is ~40% 

0 MSA- write concentration of sample above 

l H dil (X:X) - be sure to write in dilution aeeded when concentration is 
above calibration curve. 

B. Attach worksheet to raw data and logbook write-up and place in appropriate box for data 
review. 
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SECTION ‘IO.0 Keeping of Books 

1. MAINTENANCE LOGBOOK 

A. Maintenance Logbooks are kept to record any adjustments, instrument repair, part replacement, 
etc. The analyst should also note any problems or anything they might perceive to be a problem 
with the instrument in the future. After the entry, the analyst is required to initial and date it. 

II. fARAMBTERS LOGBOOK 

A. This book is designed to keep track of the most current optimized conditions of the HGA 
programs. When a HGAprogram is changed, it is up to the analyst to place the new parameters 
into the parameters book under the correct instrument, and date the most current one. 

RI. CAIJBRA’TION STANDARDS 

A. The procedure of how and when each standard, ICV, modifier needs to be made is in the front 
of the Calibration and Stock Standards book. 

B. The “Preparation Dates of Furnace Calibration Standards and Modifiers” sheet is pretty much 
self explanatory. At the top of the sheet is a place for all the Log numbers of the chemicals used. 
Each sheet is designed for a week of prep, the date of each day goes on top of the = = = = = = = 
entry. The initials of the analyst who did the prep goes on the line corresponding with the date 
and standard done. 

Iv. INVENTORY BOOK 

A. The purpose of this book is to keep track of all the parts we use on our instruments to make 
sure we have the necessary backup supplies. The three sheets are the following: 

1. Parts List: to be filled out for each instrument or instruments if similar. These should be 
updated every two weeks and then the sheet dated and signed. 

2. Running Inventory: the sheet is kept to show when we replaced or used a part on one of 
the instrument,s. 

3. Lamp Log: is kept for keeping track of each lamp as we receive them. This is done in case 
we can return it under warranty for replacement. So it is important for the analyst to 
record all information on the Lamp Log that there is room for. 
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SECTION 11 .O MERCURY ANALYSIS IN WATER BY 
COLD VAPOR 

I. APPLEAVON 

A. Tested concentration range: 0.2 to 10.0 ug/l. 

B. Approximate instrumlent detection limit: 0.15 q/l. 

C. Interferences: 

1. Sulfide - eliminated by the addition of potassium permanganate. 

II. APPwtAWS 

A. Instrumentation 

1. Leeman Labs PS200 Automated Mercury Analyzer. 

2. Instrumentation Laboratories Model 440 Atomic Vapor Accessory. 

3. Zero-grade argon. 

B. Reagents 

1. Sulfuric acid, cont.: Baker Instra-Analyzed for trace metals analysis. 

2. Sulfuric acid, 0.5 N: Dilute 14.0 mL of cont. sulfuric acid to 1.0 liter. 

3. Nitric acid, cont.: Baker Instra-Analyzed for trace metals analysis. 

4. Hydrochloric acid, cont.: Baker Instra-Analyzed for trace metals analysis. 

5. Stannous chloride: Add 25 grams stannous chloride to 500 mL 25% HCl. Filter 
solution through a #4 Whatman filter paper. 

6. Sodium chloride - hydroxylamine hydrochloride solution: Dissolve 12 grams of 
NaCl and 12 grams hydroxylamine hydrochloride in Millipore water and dilute to 
100 mL. 

. 

7. Potassium permanganate, 5% solution, w/v: Dissolve 5 grams of potassium 
permanganate in 100 mL of Millipore water. 

8. Potassium persulfate, 5% solution, w/v: Dissolve 5 grams of potassium persulfate 
in 100 m1, of Millipore water. 

C. Parameters 

1. Wavelength: 2,53.3 nm 

2. Rinse Time: 50 seconds 

3. Pump Speed: 5mUmin. 
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FURNACE RUNLOG 

AATS / SWOK 

WAVELENGTH: INTEGRATION TIME: 

Arsenic - 193.79 5.0 sec. 
Lead - 263.30 
Selenium - 199.00 BKGRND COAAECTlON: 
Thellium - 276.00 

INSTRUMENT: 

DATA FILE: 

ANALYST/DATE: 

ELEMENT RAN: 

ASPBSETL 
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4. Readout mode Absorbance 

5. Integration time: 10.0 seconds 

6. Gas Plow: 0.3Umin. 

III. PROCEDURE 

A. Standard Preparation 

1. Stock solutions for mercury are prepared solutions from PlasmaChem containing 1,000 
mg mercury/l. 

2. An intermediate stock solution of 10.0 mg/l mercury is pre:pared by diluting 1.0 mL of 
stock solution and 1.0 mL of cont. HNO, to 100 mL with ASTM Type II water. This 
standard is prepared weekly. 

3. A second intermediate solution of 0.1 mgl mercury is prepared each day of analysis by 
diluting 1.0 mL of the 10.0 mg/l intermediate stock solution and 1.0 mL of cont. HNO, 
to 100 mL with. ASTM Type II water. Make fresh daily. 

4. Calibration standards are prepared by diluting the 0.1 mg/l intermediate standard to 100 
mL with ASTM Type II water according to the following schedule: 

Standard Calibration mL of 0.1 mg/l 
Intermediate Standard 

00 
0.2 0:2 
1.0 1.0 
5.0 5.0 

10.0 10.0 
5. Working calibration standards are prepared fresh each ‘day of analysis and carried 

through the digestion procedure outlined in Section 1II.B. 

B. Sample Preparation 

1. Add the standards prepared above in Section III.A.4. to 250 mL glass bottle. 

2. Transfer 100 mL of well mixed sample to a 250 mL glass bottle. 

3. Add 5 mL of cont. sulfuric acid and 2.5 mL of cont. nitric acid to each bottle. 

4. Add 5 mL of KMn04 solution to each bottle and allow to stand at least 15 minutes. 

5. Add 8 mL of potassium persulfate to each bottle. 

6. Heat for 2 hours in a water bath at 95OC. 

7. Cool and add 5 mL of sodium chloride-hydroxylamine sulfate solution to reduce the 
excess perrnanganate. 

Page 33 of42 



SOUTHWEST LABORATORY C)F OKLAHOMA, INC. MT910 
STANDARD OPERATING PROCEDURE 
FOR THE ANALYSIS OF METALS REV: 2.1 - 4mu94 

C. Calibration 

1. Instrument Calibration 

a. Set up instrument according to manufacturers recommendations. 

b. Attach the stannous chloride to the Pump Assembly. 

C. Fill water bath with 10% HCI. 

d. Rinse system or a minimum of 40 minutes before starting calibration. 

e. Check aperature reading. If > + 100, adjust, wait 10 minutes, and recheck. 

f. Place fresh drying tube containing Magnesium Perchlorate into system. 

g* Place calibration standards into cups, then rack. 

h. Build autosampler table, then add sample to cups. 

i. Press F2, macro. Type STANDARD, then press enter key. 

2. Analysis of Calibration Data 

a. Tabulate the calibration standard concentration versus absorbance response for 
each calibration standard. 

b. Analyze data by linear regression. The correlation coefficient must be greater than 
0.995 before proceeding with analysis. 

C. If data is acceptable, press “A” to accept calibration curve. 

3. Calibration Checks 

a. Initial Calibration Verification 

. After the system has been calibrated, the accuracy of the initial calibration 
shall be verified and documented by the analysis of an EPA supplied standard 
carried through the digestion procedure, 

. The measurement must be within + 20% of the true value or the analysis must 
be terminated, the problem corrected, the instrument recalibrated and the 
calibration reverified. 

b. Calibration Blank 

(1) A calibration blank is analyzed at the beginning and end of the run and at a 
frequency of 10% during the run. 

(2) Blanks are to be reported down to the instrument detection limit. 

(3) If the blank result is greater than 0.2 ppb, terminate analysis, correct the 
problem and recalibrate. 

C. Continuing Calibration Verification 

(1) To assure calibration accuracy during each analysis run, an independently 
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., 

prepared standard solution carried through the digestion procedure will be 
analyzed at a frequency of 10% and after the last analytical samples. 

(2) The mercury concentrations will be at the mid-range level of the calibration 
curve. 

(3) If the deviation of the continuing calibration verification is greater than 20%, 
the instrument will be recalibrated and the proceeding samples since the last 
calibration verification will be reanalyzed. 

D. Instrument Analysis 

1. 

2. 

3. 

4. 

5. 

6. 

Set up instrument parameters as discussed in Section B.C. 

Calibrate instrument as discussed in Section III.C.l. 

Add samples to the autosampler and press FS sample to start analysis run. 

Report mercury concentrations as follows: 

a. Below 0.2 ug/l = 0.2 u 

b. Between 0.2 and 10 ug/l = one decimal place 

C. Above 10 ug/l = three significant figures 

After analysis remove drying tube, rinse with deionized water, then 1:l HNO,, then 
deionized water again. Place in drying oven overnight. 

Soak water bath in 1:l HCl overnight. 

M OUALl’lYCONTROL 

A. Initial calibration verification: Analyzed immediately after instrument calibration. Control 
limits are _f 20% of the true value. (Supplied by EPA). 

B. Initial calibration blank: Analyzed immediately after initial calibration verification. Control 
limits are_+ 0.2 t&l. 

C. Continuing calibration verification: Analyzed at a frequency of 10% or every two hours during 
an analysis run, whichever is more frequent. Control limits are 80% to 120% of the true value. 

D. Continuing calibration blank: Analyzed at a frequency of 10% or every two hours during 
an analysis run, whichever is more frequent. Control limits are + 0.2 ppb. 

E. Preparation blank: At least one preparation blank must be prepared and analyzed with 
every Sample Delivery Group or with each batch of samples digested, whichever is more 
frequent. 

F. Matrix spike sample: At least one spike analysis is performed on each group of samples 
of a similar matrix type and concentration or for each Sample Delivery Group, whichever 
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G. 

H. 

is more frequent. Samples identified as field blanks cannot be used for spiked sample 
analysis. 

Post-digested spike: When the matrix spike sample recovery falls outside the control 
limits of 75% to 125% and the sample concentration does not exceed 4 times the spike 
added, a post-digested spike is performed. Spike the unspiked aliquot of the sample at 2 
times the indigenous level or 2 times CRDL, whichever is greater. 

Duplicate sample: One duplicate sample is analyzed from each group of samples of a 
similar matrix type and concentration or for each Sample Delivery Group, whichever is 
more frequent. Samples identified as field blanks cannot be used for duplicate sample 
analysis. A control limit of 20% for relative percent difference (RPD) is used for original 
and duplicate sample values greater than or equal to 5 times CRDL. A control limit of 
+ CRDL is used for sample values less than 5 times CRDL. 

I. Laboratory control sample: An aqueous LCS is not required for accuracy. 

J. Holding times: The holding time for mercury is 21 days from verified time of sample receipt 
to sample digestion. 
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SECTION 120 MERCURY ANALYSIS IN SOL BY 
COLD VAPOR 

I. APPLICATION 

A. Tested concentration range: 0.1 - 5.0 mg/kg. 

B. Approximate detection limit: 0.08 mg/kg. 

C. Interferences: 

1. Sulfide - eliminated by the addition of potassium permanganate. 

II. APIWRANS 
A. Instnunentation 

1. Leeman Labs PS200 Automated Mercury Analyzer. 

2. Zero-grade argon. 

B. Reagents 

1. SuIfuric acid, cont.: Baker Instra-Analyzed for trace metals analysis. 

2. Sulfuric acid, 0.5 N: Dilute 14.0 mL of cont. sulfuric acid to 1.0 liter. 

3. Nitric acid, cont.: Baker Instra-Analyzed for trace metals analysis. 

4. Hydrochloric acid, cont.: Baker Instra-Analyzed for trace metals analysis. 

5. Stannous chloride: Add 25 grams stannous chloride to 500 mL 25% HCl. Filter solution 
through a #4 Whatman filter paper. 

6. Sodium chloride - hydroxylamine hydrochloride solution: Dissolve 12 grams of NaCl and 
12 grams hydroxylamine hydrochloride in Millipore water and dilute to 100 mL. 

7. Potassium permanganate, 5% solution, w/v: Dissolve 5 grams of potassium permanganate 
in 100 mL of Millipore water. *- 

8. Potassium persulfate, 5% solution, w/v: Dissolve 5 grams of potassium persulfate in 
mL of Millipore water. 

C. Parameters 

1. Wavelength: 253.3 nm 

2. Rinse Time: 50 seconds 

3. Pump Speed: SmUmin. 

4. Readout mode: Absorbance 

!OO 

5. Integration time: 10.0 seconds 

6. Gas Flow: 0.3 Wmin. Page370f42 
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III. PROCEDURE 

A. Standard Preparauon 

1. Stock solutions for mercury are prepared solutions from PlasmaChem containing 1,000 
mg mercury/l. 

2. An intermediate stock solution of 10.0 mg/I mercury is prepared by diluting 1.0 mL of 
stock solution and 1.0 mL of cont. HNO, to 100 mL with ASTM Type II water. This 
standard is prepared weekly. 

3. A second intermediate solution of 0.1 mg/l mercury is prepared each day of analysis by 
diluting 1.0 mL of the 10.0 mg/l intermediate stock solution and 1.0 mL of cont. HNO, 
to 100 mL with ASTM Type II water. Make fresh daily. 

4. Calibration standards are prepared by diluting the 0.1 mg/l intermediate standard to 100 
mL with ASTM Type II water according to the following schedule: 

Standard Calibration mL of 0.1 mg/l 
Ujjl Intermediate Standard 
00 
0:2 

00 
0:2 

1.0 1.0 
5.0 5.0 

10.0 10.0 
5. Working calibration standards are prepared fresh each day of analysis and carried 

through the digestion procedure outlined in Section 1II.B. 

B. Sample Preparation 

1. Add the standards prepared above in Section III.A.4. to 250 mL glass bottle.. 

2. Weigh a representative 0.2 gram portion of wet sample and place in a 250 mLglass bottle. 

3. Add 5.0 mL of cont. sulfuric acid and 2.5 mL of cont. nitric acid to each bottle. 

4. Add 50 mL distilled water, 5 mL potassium permanganete and 8 mL of potassium 
persulfate solution. 

5. Mix thoroughly and place in the water bath for 30 minutes at 95OC. 

6. Cool and add 5 mL of sodium chloride-hydroxylalmine sulfate. 

8. Add 55 mL of distilled water. 

C. Calibration 

1. Instrument Calibration 

a. Set up instrument according to manufacturers recommendations. 

b. Attach the stannous chloride to the pump assembly. 

C. Fill water bvath with 10% HCl. 

Page 38 of42 



., 

SOUTHWEST LABORATORY’ OFOKLAHOMA, INC. MT910 
STANDARD OPERATING PROCEDURE 
FOR THE ANALYSIS OF METALS REV: 2.1 - 4fw94 

d. Rinse system for a minimum of 40 minutes before starting calibration. 

e. Check aperature reading. If >+ 100, adjust, wait 10 minutes, and recheck. 

f. Place fresh drying tube containing Magnesium Terchlorate into system, 

g. Place cahbration standards into cup, then autosampler. 

h. Press F2 macro. Type STANDARD, then press enter key. 

2. Analysis of Calibration Data 

a. Tabulate the calibration standard concentration versus absorbance response for 
each calibration standard. 

b. Analyze data by linear regression. The correlation coefficient must be greater than 
0.995 before proceeding with analysis. 

C. If data is acceptable, press “A” to accept calibration curve and then return to main 
menu. 

3. Calibration Checks 

a. Initial Calibration Verification 

(1) After the system has been calibrated, the accuracy of the initial calibration 
shall be verified and documented by the analysis of an EPA supplied standard 
carried through the digestion procedure. 

(2) The measurement must be within + 20% of the true value or the analysis must 
be terminated, the problem corrected, the instrument recalibrated and the 
calibration reverified. 

b. Calibration Blank 

(1) A calibration blank is analyzed at the beginning and end of the run and at a 
frequency of 10% during the run. 

(2) Blanks are to be reported down to the instrument detection limit. 

(3) If the blank result is greater than 0.2 ppb, terminate analysis, correct the 
probXem and recalibrate. 

C. Continuing Calibration Verification 

(1) To assure calibration accuracy during each analysis run, an independentIy 
prepared standard solution carried through the digestion procedure will be 
analyzed at a frequency of 10% and after the last analytical samples. 

(2) The mercury concentrations will be at the mid-range level of the calibration 
curve. 

(3) If the deviation of the continuing calibration verification is greater than 20%, 
the iustrument will be recalibrated and the proceeding samples since the last 
calibration verification will be reanalyzed. 
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D. Instrument Analysis 

1. Set up instrument parameters as discussed in Section 1I.C. 

2. Calibrate instrument as discussed in Section III.C.l. 

3. At main menu press A-Autosampler, S-Setup. Build autosampler table, add samples 
to autosampler, and press F8 Sample to start run. 

4. Convert concentrations to dry weight by the following: 

Concentration, ug/g = 
cxv 

W 

Where: C = concentration , ug/I 

V = final volume in liters after sample preparation 

W = weight in grams of wet sample in preparation 

IV’. OUAUIYCONTROl. 

A. 

B. 

C. 

D. 

E. 

F. 

G. 

H. 

Initial calibration verification: Analyzed immediately after instrument calibration, Control 
limits are + 20% of the true value. (Supplied by EPA). 

Initial calibration blank: Analyzed immediately after initial calibration verification. Control 
limits are + 0.2 ugll. 

Continuing calibration verification: Analyzed at a frequency of 10% or every two hours during 
an analysis run, whichever is more frequent. Control limits are 80% to 120% of the true value. 

Continuing calibration blank: Analyzed at a frequency of 10% or every two hours during an 
analysis run, whichever is more frequent. Control limits are + 0.2 ppb. 

Preparation blank: ,At least one preparation blank must be prepared and analyzed with every 
Sample Delivery Group or with each batch of samples digested, whichever is more frequent. 

Matrix spike sample: At least one spike analysis is performed on each group of samples of a 
similar matrix type and concentration or for each Sample Delivery Group, whichever is more 
frequent. Samples identified as field blanks cannot be used for spiked sample analysis. 

Post-digested spike: When the matrix spike sample recovery falls outside the control limits of 
75% to 125% and the sample concentration does not exceed 4 times the spike added, a post- 
digested spike is performed. Spike the unspiked aliquot of the sample at 2 times the indigenous 
level or 2 times CRDL, whichever is greater. 

Duplicate sample: One duplicate sample is analyzed from each group of samples of a similar 
matrix type and concentration or for each Sample Delivery Group, whichever is more 
frequent. Samples identified as field blanks cannot be used for duplicate sample analysis. A 
control limit of 20% for relative percent difference (RPD) is used for original and duplicate 
sample values greater than or equal to 5 times CRDL. A control limit of + CRDL is used for 
sample values less than 5 times CRDL. 
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I. Laboratory control sample: The EPA-provided solid LCS is prepared and analyzed using the 
sample procedures as the soil samples. If the result for the solid LCS falls outside the control 
limits established by EPA, the analyses must be terminated, the problem corrected and the 
samples associated with the LCS redigested and reanalyzed. 

J. Holding times: The EPA-CLP holding time for mercury is 21 days from verified time of sample 
receipt to sample digestion. 
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., 
1. MSDI DISTRJ.A7’lON PROCEDURE FOR TOTAL CY’IDES IN WATER 

A. D&ii&&ion Summary 

1. The cyanide as hydrocyanic acid (HCN) is released from cyanide compfe3les by means 
of a reflux-distillation operation and absorbed in a scrubber containingsodiumItmydroxi& 
solution. 

B. Interferences 

1. The presence of surfactants may cause the sample to foam during refluxing. If this 
occurs, the addition of an agent such as Dow Corning 544 Antifoam Agent wiII prevent 
the foam from collecting in the condenser. 

C. Apparatus 

1. Midi-reflux distillation apparatus having a 100 mL boiling flask, gas-dispersion tube, 
allihn water-cooled condenser, air-inlet tube, vacuum source and screw clamp to adJust 
vacuum flow. 

D. Distillation Reagents 

1. Sodium hydroxide solution, 0.25 N: Dissolve 10 grams of NaOH in d&&d water. 
Dilute to 1 liter with distilled water. 

2. Sulfuric Acid.; 50%: Carefully add 500 mL of concentrated H,SO, to 400 mL of distilled 
water. After the solution cools, dilute to 1 liter. 

3. Magnesium chloride solution: Weigh 510 grams of MgCI,*BH,O into a 1000 mL flask 
Dissolve and dilute to 1 liter with distilled water. 

4. Ascorbic Acid, Analytical Reagent Grade. 

5. Bismuth Nitrate: Dissolve 30.0 grams of Bi(NO,), in 100 mL of deionized water. While 
stirring, add 2JiO mL of glacial acetic acid. Stir until dissolved. Dilute to 1 liter with 
deionized water. 

6. Sulfamic Acid: Dissolve 40 g of sulfamic acid in deionized water. Dilute to 1 liter. 

E. Distihtion Procedure 

1. Test a drop of sample for the presence of chlorine using potassium iodide starch paper. 
A blue color indicates the need for treatment. Add ascorbic acid a few crystals at a time 
until a drop of sample producesno color on the indicator. Then add an additional 0.6 
g of ascorbic acid for each liter of water. 

2. Place 50 mL of sample into the 100 mL boiling flask. 

3. Add 30 mL of 0.25 N sodium hydroxide to the absorbing tube. 

4. Connect the boiling flask, condenser/absorber and trap in the train. 

5. Start a slow stream of air entering the boiling flask by adjusting the screw clamp on the 
vacuum line. Adjust the vacuum so that approximately three bubbles of air per second 
enters the boiling flask. 

NOTE: The bubble rate will not remain constant after the reagents have been added and 
while heat is being applied to the jlask It will be necessary to readjust the air rate 
occasionally to prevent the solution in the boiling flask from backing up into the air inlet 
tube. 
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6. Use lead acetate paper to check the sample for the presence of sulfide. A positive test 
is indicated by a black color on the paper. If positive, treat the sample by adding 5.0 mL 
of Bismuth Nitrate solution through the air inlet tube after the air rate is set. 

7. Slowly add 5 mL50% sulfuric acid through the air inlet tube. Rinse the tubewith distilled 
water and ahow the airflow to mix the flask contents for 5 minutes. 

8. Pour 2 mL of magnesium chloride solution into the air inlet and wash down with a stream 
of water. 

9. Add 5.0 mL of sulfamic acid solution into the air inlet tube. 

10. Heat the solution to boiling and reflux for one hour. 

11. Turn off the heat and continue the air flow for at least 15 minutes. 

12. After cooling the boiling flask, disconnect the absorber and close off the vacuun~ source. 
Quantitatively transfer contents of the absorber tube to a plastic, 100 ml, snap-cap 
container. 

13. Adjust the finaI volume to 50 ml with NaOH solution by weighing on a top-loading 
balance (50.00 g 4 0.25 g.) 

14. Seal the receiving solutions and store at 4C until analyzed. 

15. Document all distillation details in the Sample Distillation Record Log (see figure 1). 
The analyst must then sign and date the log. 

II. Mldl-Dlstlllatlon Procedure For Total Cyanldes In Soil 

A. Inteflerences 

1. The presence of surfactants may cause the sample to foam during refhrxing. If this 
occurs, the addition of an agent such as Dow Corning 544 Antifoam Agent will prevent 
the foam from collecting in the condenser. 

B. Apparatus 

1. Midi reflex distillation apparatus having a 100 mL boiling flask, gas-dispersion tube, 
aIIihn water-cooled condenser, air-inlet tube, vacuum source and screw clamp to adjust 
vacuum flow. _I 

C. JW&.tion Reagents 

1. Sodium hydroxide solution, 0.25 N: Dissolve 10 grams of NaOH in distilled water. 
Dilute to 1 liter with distilled water. 

2. Sulfuric Acid; SO%: Carefully add 500 mL of concentrated H$04 to 400 mL of distilled 
water. After the solution cools, dilute to 1 liter. 

3. Magnesium chloride solution: Weigh 510 grams of MgCI,*6H20 into a 1000 mL flask 
Dissolve and dilute to 1 liter with distilled water. 

4. Sulfamic acid: Dissolve 40g of sulfamic acid in deionized water. Dilute to 1 liter. 
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Rewar- lnryqd 

D. DistWon Procedure 

1. Place l.Og + 0.5 grams of sample into the 100 mL boiling flask 

2. Add 50 mL of distilled water. Shake the sample so that it is dispersed. 

3. Add 30 mL of sodium hydroxide to the absorbing tube. 

4. Connect the boiling flask, condenser/absorber and trap in the train 

5. Start a slow stream of air entering the boiling flask by adjusting the screw clamp on the 
vacuum line. Adjust the vacuum so that approximately three bubbles of ti per second 
enters the boiling flask through the air inlet tube. 

NOTE: The bubble rate wilI not remain constant after the reagents havebeen added and 
while heat is, being applied to the flask. It will be necessary to readjust the air rate 
occasionally to prevent the solution in the boiling flask from backing up into the air ix&t 
tube. 

6. Slowly add 5 mL 50% sulfuric acid through the air inlet tube. Rinse the tube with distilled 
water and allow the air flow to mix the flask contents for 3 minutes. 

7. Pour 2 mL of magnesium chloride solution into the air inlet and wash down with a stream 
of water. 

8. Add 5 mL of sulfamic acid solution into the air inlet tube. 

9. Heat the solution to boiling and reflex for one hour. 

10. Turn off the heat and continue the air flow for at least 15 minutes. 

11. After cooling the boiling flask, disconnect the absorber and close off the vacuum source. 
Quantitatively transfer contents of the absorber tube to a plastic, 100 ml, snap-cap 
container. 

12. Adjust the final volume to 50 ml with NaOH solution by weighing on a top-loading 
balance (50.00 g 2 0.25 g.) 

13. Seal the receiving solutions and store at 4C until analyzed. 

14. Document all distillation details in the Sample Distillation Record Log (see fig 1). 

111. lbtal Cyanide Analysis In WaterAnd foil 

A. Tested Concentration Range: 10 to 200 &l 

B. Principle 

1. Total cyanide from alkaline distillates is converted to cyanogen chloride, CNCI, by 
reaction with chloramine-T at pH lower than 8. The CNCl then forms a red-blue dye by 
reacting with pyridine-barbituric acid reagent. The color is read at 570 nm. 

C. Interferences 
1. See distillation procedure. 
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D. Instrumentcrtion 
1. La&at QuikC:hem Automated Plow Injection Analyzer which includes: 

a. Automatic sampler 

b . Proporti.oning pump 

c. Injection valve module with a 150cm, 0.8mm i.d. sample loop 

d. Plow cell, 1OmL 

e. Interference filter wavelength, 570 nm 

f. Heater module 

g. Reaction module 10-204-00-1-A 

E. Reagents 

1. Sodium hydroxide solution, 1.25 N: Dissolve 50 grams NaOH in distilled water and dilute 
to 1 liter. 

2. Sodium hydroxide solution, 0.25 N: Dissolve 10 grams NaOH in distilled water and d&e 
to 1 liter. 

3. Phosphate Bufier, 0.71 il4: Dissolve 97 grams anhydrous potassium dihydrogen phosphate 
(potassium phosphate, monobasic, anhydrous, KH PO) in a one liter volumetric flask 
containing 800 mL of deionized water. Dilute to the mark and mix well. D. Chloramine- 
T solution: Dissolve 2.0 grams of chloramine-T hydrate in 500 mL of deionized water. 
Prepare fresh weekly. 

4. Pyridine-Burbituric Acid Reagent: In the fume hood, place 15.0 grams barbituric acid in 
a 1 liter beaker and add 100 mL of water, rinsing down the sides of the beaker to wet the 
barbituric acid. Add 75 mL pyridine with stirring and mix until the barb&uric acid 
dissolves. Add 15 mL concentrated hydrochloric acid and mix. Transfer to a 1 liter 
volumetric flask, dilute to the mark and mix. 

5. Sulfamic acid: Dissolve 40g of sulfamic acid in deionized water and dilute to 1 liter. 

F. Initial Calibration 

1. Preparation qf standards 

a. Stock cyanide solution: Dissolve 2.51 grams of KCN and 2 grams NaOH in one liter 
of deionized water. Standardize with 0.0192 N AgNO (1 mL = 1.0 mg). 

b. Standard cyanide solution: Dilute 1.0 mL of stock solution to 100 mL with distilled 
water (1 mL = 10 pg). 

c. Standard silver nitrate solution, 0.0192 N: Prepare by crushing approximately 5 
grams of AgNO crystals and drying to constant weight at 4OC. Weigh out 3.2647 
grams of dried AgNO . Dissolve in distilled water and dilute to 1000 mL (1 mL = 
1 mg CN-). 
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d. Calibration standards: Prepare by diluting the 10.0 mg/l sanda& so&ion to 250 
mL with 0.25 N sodium hydroxide according to the folltig schedule: 

mL of Standard w/q CN' 
Solution, (10 meAl prr5QOmL 

0.0 Q.Q 
01.5 10.0 
2.5 50.0 
5.0 1aQ.Q 

10.0 200.0 

e. Prepare calibration standards daily. 

f. Prepare Standard Preparation Log with lot number of KC3 used and preparation 
date. 

2. Instrument Calibration and Analysis 

a. Turn on power to all modules. Allow heater to warm up to WC. 
b. Place reagent transmission lines into proper containers. Raise tension levers on 

pump tube cassettes. 

c. Pump system until a stable baseline is attained. 

d. Set baseline. If necessary, manually inject a high standard to set gain on calorimeter. 

e. Program autosampler system. 

.,,. 

f. Place calibration standards and blank in sample tray in descending order of 
concentration followed by QA/QC and unknown samples. 

g. Submit tray and start run. 

h. At end of run, place all transmission lines in water and flush. 

i. Remove lines from water and pump dry. 

j. Turn off pump, all modules, and release pump tube cassettes. 

3. Calibration Checks 

a. Initial Calibration Ven@zattin 

(1) After the system has been calibrated, the accuracy of the initial calibration 
shall be verified and documented by the analysis of an independent standard 
carried through the distillation procedure. The concentration of the 
standard will be different than that used for calibration, but within the 
calibration range. 

(2) The measurement must be within + 15 % of the true value or the analysis 
must be terminated, the problem corrected, the instrument recalibrated 
and the calibration reverified. 
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b. Calibration Blank 

(1) A calibration blank, carried through the distillation procedure, is analyzed 
at the beginning and the end of the run, and at a kquency of 10% duxing 
the run. 

1321 
Blanks are to be reported down to the instrument detection limit. 
If the absolute value of the blank is greater than 10 ppb, ternkate a&ysis 
correct the problem and recalibrate. 

c. Continuing Calibration Verification 

(1) To assure calibration accuracy during each analysis run, an independently: 
prepared solution, carried through the distillation procedure, wilI be 
analyzed at a frequency of 10% and after the last analytical sample. 

(2) The cyanide concentration wilI be at the mid-range level of the calibration 
curve. 

(3) If the deviation of the continuing calibration verification is greater than 
15%, the instrument will be recalibrated and the proceeding samples, since 
the last continuing calibration verification, will be reanalyzed. 

G. Calculations 

1. Calculate the cyanide, in mg/kg as follows: 

A * 0.05 

Where: 

B 

A = &l Cplr from analysis 
B = wet weight of original sample in grams 

2. Water samples are calculated by the instrument in &L. 

M RRFEREJUCES 

A. U.S. EPA “Standard Methods for the Evaluation of Water and Wastewater,” Method 4500, 
18th edition. 

B. U.S. EPA SW846, hdethod 9010. _. 
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I. SCOPE AND AFl’LlCATlON 

A. Method 8330 is intended for the analysis of explosives residues. This method is limited to use 
by analysts experienced in handling and analyzing explosive materials. This method is used to 
determine the concentration of the following compounds in a water, soil or sediment matrix: 

Compound Abbrev CAS Noa 

Octahydro-1,3,5,7-tetranitro-1,3,5,7-tetrazocine ............... HMX ...................... 2691-41-O 

Hexahydro-l,3,5-trinitro-1,3,5-triazine ............................... RDX.. ....................... 121-82-4 

1,3,5-Trinitrobenzene ............................................................ TNB ............................. 99-35-4 

1,3-Dinitrobenzene ................................................................. DNB ............................ 99-65-O 

Methyl-2,4,6-trinitrophenylnitramine .................................. Tetryl ........................ 479-45-8 

Nitrobenzene ........................................................................... NB ............................... 98-95-3 
2,4,6-Trinitrotoluene .............................................................. TNT .......................... 118-96-7 

2,4-Dinitrotoluene .................................................................. 24DNT.. ................... 121-14-2 

2,6-Dinitrotoluene .................................................................. 26DNT.. ................... 606-20-2 

o-Nitrotoluene .......................................................................... 2NT .............................. 88-72-2 

m-Nitrotoluene ........................................................................ 3NT ............................. 99-08- 1 

p-Nitrotoluene d ......................................................................... 4NT .............................. 99-99-o 

2-amino-4,6,dinitrotoluene .................................................... 2ADNT ............... 355-72-78-2 

4-amino-2,6-dmitrotoluene .................................................... 4ADNT.. ................ 1946-51-O 

a Chemical Abstracts Service Registry number 

B. All of these compounds are either used in the manufacture of explosives or are the degradation 
products of compounds used for that purpose. When making stock solutions for calibration, 
treat each compound as if it were extremely explosive. 

C. The estimated quantitation limits (EQLS) of target analytes are presented in Table 7. 

D. This method is restricted to use byor under the supervision.of analysts experienced in the use 
of HPLC, skilled in the interpretation of chromatograms, and experienced in handling 
explosive materials. Each analyst must demonstrate the ability to generate acceptable results 
with this method. 

II. SUMMARYOFMEIWOD 

A. Aqueous samples are diluted 2X (v/v) with methanol, filtered, separated on a Spherisorb 
ODS-II reverse phase column (or equivalent), determined at 254 nm, and confirmed on a CN 
reverse phase c~olumn. 

Pagelof15 
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1. Aqueous samples may also be extracted using the Army Corps of Engineers procedure 
“Salting-Out Extraction method for low-level determination of Nitroaromatics in 
Groundwater” by T.F. Jenkins and P.H. Miyares, or 8330 nonpromulgated method 
(SW846 proposed Update II, November 1992.) (See Appendix A & B.) This procedure 
results in significantly reduced detection limits for explosives in water. 

B. Soil and sediment samples are extracted using acetonitrile in an ultrasonic bath, filtered, and 
chromatographed as in Section 2.1. 

III. INTERFERENCES 

A. 2,4,6-TNT, Nitrobenzene, 2-amino-4,6-dinitrotoluene and 4-amino-2,6-dinitrotoluene elute 
as unresolved peaks on the primary quantitation column used in this procedure. The 
compounds must be confirmed on the LC-CN column if any are seen on the primary ODS 
column. 

B. Tetryl decomposes rapidly in methanol/water solutions, as well as with heat. All aqueous 
samples expected to contain tetryl should be diluted with acetonitrile prior to filtration. All 
samples expected to contain tetryl should not be exposed to temperatures above room 
temperature. 

C. Degradation products of tetryl appear as a shoulder on the TNT peak. Peak heights rather than 
peak areas should be used when tetryl is present in concentrations that are significant relative 
to the concentration of TNT. 

). 

N. APPARATUS AND MATERW 

A. Primary HPLC system 

1. Pump -- HP Model 1050 quaternary system (or equivalent.) 

2. Column -- Spherisorb ODS-II, 5 km, 250 mm x 4.6 mm ID. 

3. Detector -- HP Model 1050 Variable UV (or equivalent.) 

4. Autosampler - HP Model 1050 autosampler (or equivalent.) 

5. Data System - VG Minichrom data system or equivalent. 

B. Con@mution HPLC System 
1. Pump ‘- ‘Waters model 510 high pressure pump capable of 6000 psi at 10 nVmin. or 

equivalent. 

2. Column -- Supelco LC-CN, 5 pm, 25cm x 4.6mm ID. 

3. Detector -- Waters model 486 variable wavelength Detector set at 254 run or equivalent. 

4. Autosampler - Waters model 715 WISP or equivalent. 

5. Data System - VG Minichrom or equivalent. 
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1. NEY-300 Ultrasonic Bath equipped with drainage, that can hold water at room 
temperature to 35°C (or equivalent). The sonicator is kept covered during sonication to 
keep the samples in the dark. 

2. BLUE M Convection Heating Oven with the temperature range of 0-300°C or 
equivalent I 

3. Balance f 0.0001 g. 

D. Materials 

1. Filters -. Gelman Accuspec CR 0.45 pm filters for filtering extracts, or equivalent 

2. Filters - Supelco Nylon 66 0.45 Frn x 47 mm membranes for filtering chromatographic 
solvents. 

3. Pipettes -- volumetric, Class A, glass, 50 mL, 10 mL, 5 mL, 4 mL, 2 mL, 1 mL 

4. Vials - 20 mL, glass. 

5. vials-- 1.5 mL, glass, Teflon lined screw cap or crimp top. 

6. fials- 40 mL VOA vials with Teflon lined screw caps. 

7. Syringes -- 3 mL and 10 mL 

8. Volumetric flasks - Class A - 10 mL, 20 mL, 50 mL, 100 mL, 200 mL, 250 mL. 

9. Mortar anu! pestle. 

10. SMI glass pipettor - 50-250 PL and lo-60 pL. 

v. REAGENTS 

A. HPLC grade chemicals shall be used in all tests. It is intended that all reagents shall conform 
to the specifications of the Committee on Analytical Reagents of the American Chemical 
Society, where such specifications are available. Other grades may be used, provided it is first 
ascertained that the reagent is of sufficiently high purity to permit its use without lowering the 
accuracy of the determination. 

1. Acetonitrile, CH,CN - HPLC grade. 

2. Methanol, CH30H - HPLC grade. 

3. Water, H,O - HPLC grade. 

B. Stock Standard Solutions 

1. Analyte Sta,ndards obtained from AccuStandard at 1000 &mL. 

a. HMX ‘- Standard Analytical Reference Material. 

b. RDX -- Standard Analytical Reference Material. 

c. DNB -- Standard Analytical Reference Material. 

d. Tetryl - Standard Analytical Reference Material. 

e. TNT -- Standard Analytical Reference Material. 

f. 2,4-DNT - Standard Analytical Reference Material. 

g. 2,6-DNT - Standard Analytical Reference Material Page3of15 
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h. 1,3,5-TNB - Standard Analytical Reference Material. 

i. NB -- Standard Analytical Reference Material. 

j. Z-NT -- Standard Analytical Reference Material. 

k. 3-NT -- Standard Analytical Reference Material. 

1. 4-NT -- Standard Analytical Reference Material. 

m. 2ADNT - Standard Analytical Reference Material. 

n. 4ADNT - Standard Analytical Reference Material. 

D. Intermediate Stock Standards Solutions 

1. Since 2ADNT and 4ADNT are incompletely resolved from TNT and NB, therefore 
prepare two separate intermediate stock standard solutions in methanol according to the 
examples in Tables 1 and 2. 

TABLE 1. 
lntermedlate Standard Stock Solution A 

Or@. Cont. Aliquot Final Cone 
Compound AccuStandard # WmL) W-4 Olg/mL) 

HMX ............... M-8330-04 ................................ 1000 ................... 0.600 ........................... 60.00 
RDX ............... M-8330-05 ................................ 1000 ................... 0.250 ........................... 25.00 
TETRYL.. ...... M,-8330-10 ................................ 1000 ................... 0.220 ........................... 22.00 “’ 
TNT ................ M,-8330-11 ................................ 1000 ................... 0.160 ........................... 16.00 
2,4-DNT ......... M,-8330-02 ................................ 1000 ................... 0.140 ........................... 14.00 
2,6-DNT ......... M-8330-03 ................................ 1000 ................... 0.230 ........................... 23.00 
1,3-DNB ......... M-8330-01 ................................ 1000 ..................... 0.96 ............................. 9.60 
1,3,5-TNB ...... M,-8330-12 ................................ 1000 ................... 0.179 ........................... 17.90 
NB ................... M,-8330-06 ................................ 1000 ................... 0.195 ........................... 19.50 
2NT ................. M,-8330-07 ................................ 1000.. ................. 0.200 ........................... 20.00 
3NT ................. M-8330-08 ................................ 1000 ................... 0.190 ........................... 19.00 
4NT.. ............... M-8330-09 ................................ 1000 ................... 0.200 ........................... 20.00 

Total Volume is 10.0 mL 
^. 

TABLE 2. 
Intermedfate! Standard Stock SoluUon B 

Orig. Cont. Aliquot mml con42 
Compound AccuStandard # WmL) WA Otsbw 

2ADNT . . . . . . . . . . M-8330-13 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1000 . . . . . . . . . . . . . . . . . . . 0.500 . . . . . . . . . . . . ..-............. 50.00 
4ADNT . . . . . . . . . . M8330-14 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1000 . . . . . . . . . . . . . . . . . . . 0.460 . . . . . . . . . . . . ..e........*.... 46,.00 

Total Volume is 10.0 mL 

These stock standard solutions may be kept at 4°C in the dark for up to one year. 
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2. Dilute the two concentrated intermediate stock solutions with the appropriate solvent 
and this solution should be refrigerated and kept in the dark upon preparation at 4°C. 

E. Working standards 

1. Prepare working standards by diluting intermediate stock standards with 5050 v/v 
Acetonitrile/Water for soil or low concentration water analysis and 50:50 v/v 
Methanol/Water for high concentration water analysis. 

2. WhenfollowingnonpromulgatedSW846method 8330, Nov. 1992, five-level intermediate 
standards have been prepared in the manner which less concentrated standard is at MDL 
level or above, and high level standard at detector linear range. Same range has been used 
when following the SW-846 method 8330, Rev. 0, November 1990, with three-level 
standards prepared from high concentration to low concentration with each level 
injected thre:e times. 

F. LCS (Laboratory Control Spike) and LCSD (Laboratory Control Spike Duplicate) 

1. LCS and LCSD are prepared from stock standard solutions that differ from the 
intermediate stock standard solution which is used to prepare the standards (see 
examples in Table 3.) Spike the blanks with analytes of interest at midpoint level or 
higher. 

TABLE 3. 
lntermedlate Stwk Solutlon for Splke A 

Orig. Cont. Aliquot Final Cont. 
Compound AccuStandard # Ocg/mL) W) (I.Lgl~, 

HMX.. ............. M-8330-04 ................................ 1000 .................... 1920 ............................. 64.~ 
RDX ............... M-8330-05 ................................ 1000 ...................... 750 ............................. 25.0 
TETRYL.. ...... M-8330-10 ................................ 1000 ...................... 600 ............................. 20.0 
TNT ................ M-8330-1 1 ................................ 1000 ...................... 465 ., ............................ 15.5 
2,4-DNT.. ....... M-8330-02 ................................ 1000 ...................... 420 ............................. 14.0 
2,6-DNT .. ....... M-8330-03 ................................ 1000 ...................... 690 ., ............................ 23.0 
1,3-DNB ......... M-8330-01 ................................ 1000 ...................... 288 ............................... 9.6 
1,3,5TNB ...... M-8330-12 ................................ 1000 ...................... 459 ............................. 15.3 
NB ................... M-8330-06 ................................ 1000 ...................... 585 .............................. 19.5 
2NT.. ............... M-8330-07 ................................ 1000 ............... . . . ...... 870 ............................. 29.0 
3NT.. ............... M-8330-08 ................................ 1000 ...................... 570 ............................. 19.0 
4NT ................. M-8330-09 ................................ 1000 ...................... 600 ............................. 20.0 

Total Volume is 30.0 PL 

G. MS (Matrix Spike) and MSD (Matrix Spike Duplicate) 

1. MS and MSD are prepared as V.F. Spike the sample at midpoint or higher calibration 
range. (See examples in Table 4.) 

Page5ofI5 
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TABLE 4. 
IntermedMe Stock Solution for Spike B 

Orig. Cone. Aliquot Final Cone 
Compound AccuStandard # WmL) WI C&W 

2ADNT . . . . . . . . . . M-8330-13 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1000 . . . . . . . . . . . . . . . . . . . 0.688 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68.8 
4ADNT . . . . . . . . . . M8330-14 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1000 ,.................. 0.752 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 75.2 

Total Volume is 10.0 PL 

H. Eluent 
1. To preparle 1 liter of mobile phase, add 500 ml of methanol to 500 mL of organic-free 

water. 

2. The eluent should be filtered through a 0.45 pm filter subsequent to use. 

3. The eluent should have helium continuously bubbled through the solution in order to 
remove air. 

A. Grab samples must be collected and stored in glass containers. Follow conventional sampling 
procedures. ). ,,,,_ 

B. Samples must be kept below 4°C from the time of collection through analysis. 

C. Soil and sediment samples, after collection, should be air dried at room temperature or colder, 
or oven dried with the oven set at 24”- 28°C if the humidity is too high, to constant weight. 
While it is possible to analyze wet soil samples, it is much more difficult to obtain a 
homogeneous subsample on a wet sample. If wet soil samples are to be analyzed, a moisture 
determination must be made on a separate subsample. 

VII. PROCEDURE 

A. Sample Preparation 

1. Aqueous Samples 
*- 

a. Sample Filtration: Place a 5 mL portion of each water sample in a scintillation vial, 
add 5 mL of methanol, shake thoroughly, and filter through a 0.5 Am filter. Discard 
the first 3 mL of filtrate, and retain the remainder for analysis. 

b. Alternatively aqueous samples may be prepared according to the salting out 
procedure which is attached to this SOP (see Appendix A & B). 

2. Soil and Sediment Samples 

a. Sample homogenization: Dry soil samples in air at room temperature or colder, 
being careful not to expose the samples to direct sunlight. Grind sample thoroughly .. 
in an acetonitrile rinsed mortar. 

Page 6 of 15 
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b. Sample extraction: Place a 2.0 g subsample of each soil sample in a 15 mL glass 
vial. Add 10.0 mL of acetonitrile, cap with teflon lined cap, vortex swirl for one 
minute, and place in ultrasonic bath for 18 hours. Keep ultrasonic bath at room 
temperature or below. 

c. After sonication, allow sample to settle for 30 minutes. Place supernatant in syringe 
and filter through a Gelman Accuspec CR 0.45 pm. Discard first 1 mL and retain 
remainder in 15 mL glass with teflon-lined screwcap. Keep the extracts in 4°C and 
in a dark place until analysis. 

d. Prior to analysis, dilute each extract 2X with HPLC water. 

B. Chromatographic Conditions 

Mobile Phase: SO/50 (v/v) methanol/HPLC water 

Flow rate: 1.0 mUmin 

Injection volume: 200 ml 

W Detector: 254 nm 

C. Calibration of HPLC 
1. When following nonpromulgated SW-846 method 8330, November 1992, the initial 

calibration standard at the minimal 5 concentration levels is injected only one time. 
Following the SW-846 method 8330, Revision 0, November 1990, a minimal of 3 
concentration levels with each level is injected 3 times. Average the areas of the three 
injections at each level and prepare a calibration curve. The %RSD of the caiibxation 
factors should be ~20%. The curve should be linear and intercept zero. Use the mean 
calibration factors for all calculations as long as continuing calibrations described below 
meet specifications. 

2. Calibration Factor (CF): S-Level 

CF = 
Peak Area of Standard 

-Mass Injected (ng) 

n 
CF= c 

CF, _. 

i=5 n 

%RSD = _ 
STD x 100 

CF 

!KJzere: 

CF= Mean of the calibration factor 
n = (5) Total number of values 
STD = Standard deviation of the calibration factors 
CF, = Calibration factors 

Page ToflS 
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3. Calibration Factor (CF): 3-Level 

CF = 
A 

Mass Injected (ng) 

CF= - 
CF, + CF, + CF, 

3 

%RSD = 
STD x 100 

CF 

Where: 

A = Mean of the area 
CF = Calibration Factor 

CF = Mean of the calibration factor 
CF,, CF,, CF:, = Calibration factor of each standard concentration 
STD = Standard deviation of the calibration factors 

4. Continuing Calibration using the mid point standards should be injected at the beginning 
of an analysis day and about every ten injections and at the end of the run. These 
standards should agree within a percent deviation of no more than ,+ 15% with mean 
obtained from the initial calibration. If a continuing calibration fails, it may be reinjected 
and analyses restarted from that point if it meets specifications on reinjection. If it fails 
again, the initial calibration must be repeated. 

5. Percent Lleviation (%D) 

%D= R1 - R2 x 100 
Rl ,. 

where: 
Rl = Calibration factor from first analysis 

R2 = Calibration factor from second analysis. 

6. A three-level calibration is also run on the LC-CN confirmation column. However, each 
standard is only injected once. For the nitrotoluenes, each compound must be injected 
separately since they are inseparable. However, if they are not present in the primaryrun, 
it is not necessary to calibrate the system with them. 

7. Retention windows should be established for each new calibration. Average the 
retention time for each injection of each component for all initial call&ration runs and 
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continuing calibration runs. Determine the standard deviation. The window for any 
compound is or: 3 times the standard deviation. If chromatographic retention drift should 
occur, make sure the mobile phase is fresh and has not evaporated and that the pumps 
are functioning properly. If the column itself has deteriorated and caused loss of 
efficiency and retention, it may have to be replaced. 

D. Sample Andysis 
1. Analyze the samples using the chromatographic conditions given in VI1.B. Coniirm each 

measurement by injecting onto the CN column. 

2. Table 8 presents the retention times for the analytes on both the ODS-II and CN 
columns. Appendix C presents typical chromatograms. 

3. Calculation for positive hits. 

Concentration @g/L or pg/kg) = (4 (VT) VW 

P) (VO) m 

where: 
A 

CF 

vo 

VI 

VT 

DF 

= Area of the peak for the compound to be measured 

= Calibration factor (ng) 

= Volume of water (g) or amount of soil extracted (ml+) 

= Volume of extract injected &L) 

= Volume of the concentrated extracted @L) 

= Dilution factor 

VIII. CXJAlJlYCONTROl. 

A. Prior to preparation of stock solutions, acetonitrile, methanol, and water blanks should be run 
to determine possible interferences with analyte peaks. If the acetonitrile, methanol, or water 
blanks show contamination, a different batch should be used. 

B. Method Blanks 
1. Method blanks for the analysis of aqueous samples should be organic-free reagent water 

carried through all sample storage and handling procedures. 

2. Method blanks for the analysis of soil samples should be uncontaminated soil carried 
through all sample storage, extraction, and handling procedures. 

Page9off5 
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C. Lubomtory Control Spikes 
TABLE 5. 

laboratory Control Spike Recovery QC Limits 
Water %Recovery 

Compound QC Limits 
Soil %Recover 

QC Limb 

.................................................................................................. 46-15 1 ........................... 57-137 
RDX .................................................................................................. 72-129 ........................... 77-113 

................................................................................................... 74-118 ........................... 64-125 
TETRYL ........................................................................................... 58-120 ........................... 23-124 
DNB ........... . ........................................................................................ 79-132 ........................... 82-118 

................................................................................................... 61-145 ........................... 75-118 
N-B ...................................................................................................... 68-135 ........................... 69-143 
26DNT.. ............................................................................................. 77-125 ........................... 78-117 
24DNT.. ............................................................................................. 70-134 ........................... 74-126 
2NT.. .................................................................................................. 70-131 ........................... 78-123 
4NT.. .................................................................................................. 73-116 ........................... 79-125 
3NT.. .................................................................................................. 71-127 ........................... 78-121 
ZADNT.. ............................................................................................ ND ....................................... ND 
4ADNT ......... ..................................................................................... ND ....................................... ND 

D. Matrix Spikes 

TABLE 6. 
Matrix Spike/Matrix Spike Ouplicate Recovery QC limits 

I 1 w 8wr v/kwovery - 1 ~OllY’oKW4W~~ 5011 %RP- 
Compound QC Limits QC Limits QCLimits - QCLinu~ 

................................. 44-145 ........................ 30 ........................... 54-128 ........................... 30 
RDX ................................. 66-139 ........................ 30 ........................... 66-109 ........................... 30 

................................. 56-129 ........................ 30 ........................... 57-130 ........................... 30 
TETRYL ......................... 76-120.. ...................... 45 ........................... 32-l 19 ........................... 45 
DNB.. ............. .................. 76-122.. ...................... 30 ........................... 74-122 ........................... 30 
TNT ............... .................. 76-137.. ...................... 35 ........................... 44-124 ........................... 35 
NB .............. a..., .................. 82-ill........................ 30 ........................... 70-135 ........................... 30 
26DNT ............................. 80-118.. ...................... 35 ........................... 58-125 ........................... 35 
24DNT .......... .,., ................ 72-123 ........................ 35 ........................... 59-120 ........................... 35 
2NT .................................. 74-130 ........................ 35 ........................... 79-124 ........................... 35 
4NT.. ................................ 78-116.. ...................... 35 ........................... 74-128 ........................... 35 
3NT.. ................................ 72-126.. . .:‘................... 35 .................... . ...... 79-121 ........................... 35 
2ADNT.. ............................. ND .......................... ND ............................. ND ............................. ND 
3ADNT.. ......... t.. ................ ND.. ........................ ND ............................ ND ............................. ND 

ND = not determined 
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A. Method 8330 was tested by six laboratories. The results of this testing indicate that the results 
presented in Tables 3 through 5 are to be expected. 

B. See attached chromatograms of standards obtained with this procedure (Appendix C). 

X DATA VERlFlCATlON 

A. If the compound is found above the PQL in the quantitation column and it is within the 
established retention time window, the confirmational analysis of the compound will be 
performed. If 1:he compound is found within the retention time window of the confirmational 
analysis, the compound will be reported. If all the compounds in the QA/QC samples exceeded 
the established laboratory QC limits, the batch of samples will be reextracted and reanalyzed. 
If some of the compounds in the QA/QC samples are out of the established limits, the 
compounds will be flagged and the data will be reported as is. 

A. Bauer, C.F., S.:M. Koza, and T.F. Jenkins, “Collaborative Test Results for a Liquid 
Chromatographic Method for the Determination of Explosives Residues in Soil,” manuscript 
submitted to the Journal of the AOAC, April 1989. 

B. Department of the Army, “Reversed-Phase HPLC Method for the Determination of 
Explosive Residues in Soil,” Appendix B, provided by Dennis J. Wynne, Chief, Technology 
Division, U.S. Army Toxic and Hazardous Materials Agency, Aberdeen Proving Ground, 
Maryland 21010-5401. 

C. Department of the Army, “An Improved RP-HPLC Method for the Determination of 
Nitroaromatics and Nitramines in Water” Appendix B, provided by Dennis J. Wynne, Chief, 
Technology Division, U.S. Army Toxic and Hazardous Materials Agency, Aberdeen Proving 
Ground, Maryland 21010-5401. 

XII. SAFETY ,I 
A. Standard precautionary measures used for handling other organic compounds should be 

sufficient for safe handling of the analytes targeted by Method 8330. 
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TABLE 7. 
ESTIMATED QUANTJTATJON LIMITS 

Low Level Water High Level Water Soil 
Compound dum 0ll.m olcg/kg) 

HMX ............................................... 0.88 ........................................ 13.0 ................................ 2200 
RDX .................. ..a, .......................... 0.73 ........................................ 14.0 ................................ 1000 
TNB ................................................ 0.19 .......................................... 7.3 .................................. 250 
DNB ................................................ 0.06 .......................................... 4.0 .... .............................. 250 
Tetryl ............................................... 0.19 ........................................ 10.0 .................................. 650 
NB ................................................... 0.25 .......................................... 7.0 .................................. 260 
TNT ................................................ 0.12 .......................................... 6.4 .................................. 250 
24DNT ............................................ 0.08 .......................................... 5.7 .................................. 250 
26DNT ............................................ 0.20 .......................................... 9.4 .................................. 260 
2NT ................................................. 0.78 ........................................ 12.0 .................................. 250 
3NT ................................................. 0.65 .......................................... 7.9 .................................. 250 
4NT ................................................. 0.65 .......................................... 8.0 .................................. 250 
ZADNT .......................................... 0.01 ......................................... ND .................................. ND 
4ADNT .......................................... 0.02 ......................................... ND .................................. ND 

ND = not determined 

TABLE 8. 
RETENTION TIMRS FOR ANALYTRS ON ODS-Il AND CN COUJlylNS 

ODS-II CN 

Analyte 
Retention 
Time (min) Analyte 

Retention 
Time (n&t) 

HMX.. ................................. 3.2 
RDX .................................. 4.3 
TNB ................................... 5.4 
Tetryl................. ................ .6.0 
DNB ................................... 6.8 
TNT ................................... 7.4 
NB ...................................... 7.7 
26DNT.. ............................. 8.8 
24DNT ............................... 9.6 
2NT .................................. 11.0 
4NT .................................. 11.8 
3NT ................................... 12.5 
2A DNT ........................... .7.8 
4A DNT ........... ................. 7.3 

.. 

NB ........................................... 5.5 
2NT ......................................... 6.1 
3NT ......................................... 6.1 
4NT ......................................... 6.1 
DNB ........................................ 6.2 
TNB ......................................... 6.3 
26TNT .................................... 6.8 
24DNT .................................... 7.2 
TNT ......................................... 7.5 
RDX ...................................... 10.2 
Tetryl ..................................... 12.3 
HMX ..................................... 16.3 
2ADNT ................................... 8.7 
4ADNT ................................... 7.8 
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SOUTHWJBT LABORATORY OF OKLAHOMA, INC. GC200 
STANDARD OPERATING PRO~EDLJRE FOR THE ANALYSIS OF 
NITROAROMATICS AND NITRAMNES BY HPLC REV 2.2 -33195 

TABLE 9. 
INTERLARORATORY PRECISION OF MEWOD FOR SOIL SAMPLES 

SpikeG! soils Field-contaminated soils 

Me!JUl MWlIl 
Concentrsltion Concentration 

(m&l SD %RSD (mg/g) SD %RSD 

HMX 46.0 1.7 3.7 14.0 1.8 12.8 
153.0 21.6 14.1 

RDX 60.0 1.4 2.3 104.0 12.0 11.5 
877.0 29.6 3.4 

TNB 8.6 0.4 4.6 2.8 0.2 7.1 
46.0 1.9 4.1 72.0 6.0 8.3 

DNB 3.5 0.14 4.0 1.1 0.11 9.8 

tetxyl 17.0 3.1 17.9 2.3 0.41 18.0 

TNT 40.0 1.4 3.5 7.0 0.61 9.0 
669.0 55.0 8.2 

1 24DNT 1 S.0 0.17 3.4 1.0 0.44-~- 42.3 

. . 
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TABLE 70. 
INTERLABORATORY ERROR OF METHOD FOR SOL SAMPLES 

Spiked soils Field-contaminated soils 

MelIll Mean 
Concentration Concentration 

(Wf3) SD %RSD mw SD %RSD 

HMX 46.0 2.6 5.7 14 3.7 26.0 
153 37.3 24.0 

RDX 60.0 2.6 4.4 104 17.4 17.0 
877 67.3 7.7 

TNB 8.6 0.61 7.1 2.8 0.23 8.2 
460 2.97 6.5 72.0 8.8 12.2 

DNB 3.5 0.24 6.9 1.1 0.16 14.5 

tetxyl 17.0 5.22 30.7 2.3 0.49 21.3 

TNT 40.0 1.88 4.7 7.0 1.27 18.0 
669.0 63.4 9.5 

24DNT 5.0 0.22 4.4 1.0 0.74 74.0 

TABLE 1 I. 
INTERLABORATORY ERROR OF MEI’HOD FOR WATBR SAMPLRV 

HMX 

RDX 

TNB 

TNT 

Samde 1 SamDle 2 

Mean Mean 
cont. ‘- %RSD cont. %RSD 
(mg/L) @g/L) 

nd - 184.0 b 8.4 

431.0 22.9 2117.0 29.5 ’ 

74.3 3.2 27.6= 4.2 

10635.0 59.4 1746.0 26.8 1 
a 10 replicate determinations, except where noted 
b 6 replicate Ndeterminations 
C 7 replicate Ideterminations 

Page 14 of I5 



SOUTHWEST LABORATORY OF k.AHOMA; INC. GC200 
STANDARD OPERATING PROCEDURE FOR THE ANALYSIS OF 
NITROAROMATICS AND NITRAMINES BY HPLC REV 2.2 -2i33/95 

Figure 1 
MIZHOD 8330 

NITROAROMATICS AND NITRAJUIINES BY 
HIGH PERFORMANCE CHROMATOGRAPHY (HPLC) 
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SALTING-OUT l3CTRACTlON lbWl’liOD FOR 
LOW=LRVEL PEi’RlMMM#‘J~N OF M-OIVIIATlUt AND IW’RAMINES 
IN @ROWMDWAl’RR 

By: T.F. Jenkins and P.H. Niyares 

SUMMARY 

A 400 mL aliquot of groundwater is placed in a 500 mL separatory funnel and 130 g of reagent 
grade NaCl added. The NaCl is dissolved completely by vigorous shaking. A 100 mL volume of 
acetonitrile (AcN) is then added using a glass volumetric pipette and the separatory funnel is 
shaken vigorously for 5 minutes. The funnel is allowed to stand undisturbed for 30 minutes and 
the two phases separated. The water layer is discarded and the AcN layer (approximately 23 mL) 
is placed in a clean Teflon-capped vial. The separatory funnel is rinsed with 5 mL of AcN and 
the rinsate added to the extract. 

The AcN extract is concentrated to less than 1.0 mL using a Kuderna-Danish evaporator and 
brough to a 1.0 ml, total volume using AcN. This concentrated extract is diluted with a 3.0 mL 
of reagent grade water and the solution saved in a Teflon-capped vial for RP-HPLC analysis. 

Notes: 

1. If possible use NaCl from glass bottles. High background levels have been observed from NaCl 
shipped in plastic containers. 

2. 

3. 

Be sure to dissolve all salt before adding AcN, otherwise the dissolution process takes much 
longer. _. 

Be sure to dilute the AcN extract 1:3 with water, otherwise the solvent strength of the injected 
sample will be too great and peak distortion will occur. 

4. All glassware must be carefully cleaned before use to include a thorough final rinse with either 
AcN or acetone. 

5. Be sure all water droplets are removed from the AcN layer before the extract is evaporated in 
the Kudema-Danish unit. 
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AFI’ENOIX I3 

SALTlNG-OUT EXTRACTION METHOD FOR 
LOWA.EVEl. EQIEl’BJtMlN OF Nf’lWMROMATICSAN~ NITRAMINES 
IN GROUNDWATRR BY NONF’ROMULGATEi3 SW446 Ml~IQoIyIsD 8330, 
PROPOSRD UPDATE-II, NOVRMRER 1992. 

A. Low Level Method (Salting-out Extraction) 
1. Add 251.3 grams of sodium chloride to a 1 liter volumetric flask (round.) Measure out 

770 mL of a water sample (using a 1 liter graduated cylinder) and transfer it to the 
volumetric flask containing the salt. Add a stir bar and mix the contents at maximum 
speed on a magnetic stirrer until the salt is completely dissolved. 

2. Add 164 mL of acetonitrile (measured with a 250 mL graduated cylinder) while the 
solution is being stirred and stir for an additional 15 minutes. Turn off the stirrer and 
allow the phases to separate for ten minutes. 

3. Remove the acetonitrile (upper) layer (about 8 mL) with a Pasteur pipet and transfer 
it to a 100 mL volumetric flask (round.) Add 10 mL of fresh acetonitrile to the water 
sample in the 1 liter flask. Again stir the contents of the flask for 15 minutes followed 
by 10 minutes for phase separation. Combine the second acetonitrile portion with the 
initial extract. The inclusion of a few drops of salt water at this point is unimportant. 

4. Add 84 mL, of salt water (325 grams NaCl) per 1000 mL of reagent water) to the 
acetonitrile extract in the 100 mL volumetric flask. Add a stir bar and stir the contents 
on a magnetic stirrer for 15 minutes followed by 10 minutes for phase separation. 
Carefully transfer the acetonitrile phase to a 10 mL graduated cylinder using a Pasteur 
pipet. At this stage the amount of water transferred with the acetonitrile must be 
minimized. The water contains a high concentration of NaCl that produces a large peak 
at the beginning of the chromatogram where it could interfere with the HMX 
determination. 

5. Add an additional 1.0 mL of acetonitrile to the 100 mL volumetric flask. Again stir the 
contents of the flask for 15 minutes followed by 10 minutes for phase separation. 
Combine the second acetonitrile portion with the initial extract in the IO mL graduated 
cylinder (tramsfer to a 25 mL graduated cylinder if the volume exceeds 5 mL.) Record 
the total volume of acetonitrile extract [V(t)] in the calculation of concentration after 
converting to FL.) The resulting extract, about 5 - 6 mL is then diluted 1:l with reagent 
water prior to analysis. 

6. If the diluted extract is turbid, filter it through a 0.45 p teflon filter using a disposable 
syringe. Discard the first 0.5 mL of filtrate, and retain the remainder in a Teflon-capped 
vial for RP-HPLC analysis. 
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APPENDIX C 
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APPeNDlx c 

(continued) 
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APPENDIX C 

(continued) 
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I. SCOPE AND APPLICATION 

A. This method is appropriate for the detection and quantitative measurement of 2,3,7,8- 
tetrachlorinated dibenzo-p-dioxin (2,3,7,8-TCDD) and total tetra-, penta-, hexa-, hepta-, and 
octachlorinated dibenzo-pdioxins (PCDDs) and dibenzofurans (PCDFs) in drinking water, 
soil, and chemical waste samples including still bottom, fuel oil, sludge, and fly ash matrices. 
The analytical method requires the use of high resolution gas chromatography and high 
resolution mass spectrometry (HRGCHRMS) on sample extracts that have been subjected 
to specified cleanup procedures. 

8. This method is designed for use only by analysts experienced with residue analysis and skilled 
in HRGCYHRMS. 

C. Because of the extreme toxicity of these compounds, the analyst must take necessary 
precautions to prevent exposure of personnel to materials known or believed to contain 
PCDDs/PCDFs. 

II. SUMMARYOFMETHOD 

A. This procedure is derived from the U.S. EPA “Test Methods For Evaluating Solid Waste,” 
(SW-846), Revision 0, November, 1990. 

B. This procedure uses a matrix-specific extraction, analyte-specific cleanup, and high-resolution 
capillary column gas chromatography/high resolution mass spectrometry (HRGQHRMS) 
techniques. 

If interferants are encountered, the method provides selected cleanup procedures to aid the 
analyst in their elimination. The cleanup flow chart is shown in Figure 1. 

C. Holding Times: 

All samples must be extracted within 30 days of VTSR (Validated Sample Receipt) and the 
extracts must be analyzed within 45 days of extraction. 

111. INTERFERENCES 

A. Any compound that yields ions of PCDDS/PCDFS and also elutes within the retention time 
window of the corresponding homolog is a potential interference. PCDDs/PCDFs are often 
associated with other chlorinated compounds such as polychlorinated biphenyls (PCBs) and 
polychlorinated diphenyl ethers (PCDPE). These compounds may be found at concentrations 
several orders of magnitude higher than that of the analytes of interest, and may otherwise 
interfere with the analysis of PCDDs/PCDFs. 

B. Solvents, reagems, glassware, and other sample processing hardware may yield discrete 
artifacts and/or elevated baselines which may cause misinterpretation of chromatographic 
data. All of these materials shall be demonstrated to be free from interferants under the 
conditions of analysis by running laboratory method blanks. Analysts should avoid using PVC 
gloves. 
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C. The use of high purity reagents and solvents helps to minimize interference problems. 
Purification of solvents by distillation in all glass systems may be necessary. 

D. High resolution capillary columns are used to resolve as many PCDD/PCDF isomers as 
possible; however, no single column is known to resolve all of the isomers. 

IV, APPAAATUSAND EQUIPMENT 

A. Gas ChromatographfMass S’ctrometerDatu System (GCIMSIDS) 

B. GC Cofumn. Fused silica capillary columns are required. The columns shall demonstrate the 
required separation of all 2,3,7,8-specific isomers whether a dual column or a single column 
analysis is chosen. Column operating conditions shall be evaluated at the beginning and end 
of each 12-hour period during which sample extracts or concentration calibration solutions 
are analyzed. 

Isomer specificity for all 2,3,7,8-substituted TCDFs cannot be achieved on the 60-m DB-5 
column. In order to determine the concentration of the individual 2,3,7,8-substituted isomers, 
the sample extract shall be reanalyzed on a 60m SP2331 or equivalent column that resolves 
the TCDF isomers. 

Analysis on a single column is acceptable if the required separation of all the 2,3,7,8-specific 
isomers is demonstrated and the minimum acceptance criteria are met. 

C. Equipment and Gkwwue 

1. Nitrogen blowdown apparatus. 
2. Analytical balance. 
3. Water Bath. 
4. Glove box. 
5. Centrifuge:. 
6. Drying oven 
7. Extraction jars. 
8. Kuderna-Danish Apparatus (KD). 
9. Disposable Pasteur pipets. 
10. Disposable serological pipets. 
11. Mini Vials. 
12. Funnels. 
13. Concentrator Tubes. 
14. Separatory Funnels. 
15. Continuous Liquid-Liquid Extractor. 
16. Boiling Chips. 
17. Buchner fimnel. 
18. Filtration flask. 
19. Chromatography Columns: 300 mm x 10.5 mm glass chromatographic column fitted 

with Teflon stop cock. 
20. Soxhlet apparatus, 500 ml flask, all glass: Complete with glass extraction thimbles, 

heating mantle, and variable transformer for heat control. 
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2 1. Dean Stark Water Separator Apparatus: With Teflon stopcock. Must fit between 
Soxhlet extractor body and condenser. 
NOTE: Reuse of glassware should be minimized to avoid the risk of using contaminated 
glassware. Allglassware that is reused shall be scrupuiously cleaned, applying the following 
procedure, as soon as possible after use. Rinse glassware with the last solvent used in it. 
Wash with hot water containing detergent. Rinse with copious amounts of tap water and 
several portions of diMled water. Drain dry Rinse with high-purity acetone and hexane. 
Afier glassware is dry, store inverted or capped with aluminum foil in a clean environment. 
Do not bake reusable glassware after cleaning, as repeated baking may cause active sites 
on the glass *sur$ace that will irreversibly adsorb PCDDsIPCDFs. 

V. Reagents and Consumable Materials 

A. 

B. 

C. 

D. 

E. 

F. 

G. 

H. 

I. 

J. 

K. 

L. 

Alumina, acidic AG4, Bio Rad Laboratories (catalogue #132-1240) or equivalent. Soxhlet 
extract with methylene chloride for 21 hours and activate by heating in a foil covered glass 
container for 24 h,ours at 190°C. 

Charcoal Carbon. Active carbon AX-21 (Anderson Development Company, Adrian, MI, or 
equivalent), prewashed with methanol and dried in vacua at 110°C. 

Celite 545 (Supelco) or equivalent. 

Potassium Hydroxide. ACS grade, prepare a 20 percent (w/v) solution in distilled water. 
Sulfuric Acid, Concentrated. ACS grade, specific gravity 1.84. Silica gel. High purity grade, 
type 60, 70-230 mesh; Soxhlet extract with methylene chloride for 21 hours and activate by 
heating in a foil covered glass container for 24 hours at 190°C. 

Silica gel impregnated with sodium hydroxide. Add one part of 1 M NaOH solution to two 
parts silica gel (extracted and activated) in a screwcap bottle and mix with a glass rod until free 
of lumps. 

Silica gel impregnated with 40% (by weight) sulfuric acid. Add two parts by weight 
concentrated sulfuric acid to three parts silica gel (extracted and activated), mix with a glass 
rod until free of lumps, and store in a screw-capped glass bottle. 

Filter paper. Whatman No. 1 or equivalent. 

Glass fiber filter. 115 cm, for use with Buchner funnel. 

0.45 micron, Millipore or equivalent. Rinse with toluene. 

White quartz sand. 60/70 mesh, for use in the Soxhlet-Dean Stark extractor. Bake at 450°C 
for 4 hours minimum. 

Glass Wool, Silanized. Extract with methylene chloride and hexane before use. 

Sodium Sulfate. Granular, anhydrous. Before use, heat to 400°C in a shallow tray. 

M. Solvents. High purity, distilled-in-glass: Hexane, methanol, methylene chloride, toluene, 
isooctane, cyclohexane, acetone, tridecane. 
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N. Calibration Solutians (Table 3). 

0. Labeled PCDDs/PCDFs solution (Table 4) 

P. Labeled Standard Solution. The nonane solution contains the internal standards, 13Clz- 
1,2,3,4-TCDD and 13C,2-1,2,3,7,8,9-HxCDD, at concentrations of 100 pg/kL. 

Q. Window Defining Mix. 

VI. CAUBRAllON 

A. Assemble the GC/MS and establish the operating conditions necessary to meet the relative 
retention time specifications in Table 1. 

1. The following GC operating conditions are used and adjusted as needed to meet the 
relative retention time specification in Table 1. 

Injector temp: 
Interface temp: 
Initial temp & time: 
Temp Program: 

300°C 
300°C 
15O”C, 5 min. 
150” - 215°C at 35”C/min. 
215°C for 5 min. 
215” - 230°C at 1.5”Umin. 
230°C for 6 min. 
230 - 315°C at 7”C/min. 
315°C for 6 min. 

NOTE: All portions of the column which connect the GC to the ion source shall remain 
at the inteflace temperature specified above during analysti, to preclude condensation of 
less volatile compounds. 

2. Mass Spectrometer (MS) resolution: Obtain a selected ion current profile (SICP) of 
each analyte in Table 3 at the two exact masses specified in Table 5 and at ~10,000 
resolving power by injecting an authentic standard of the PCDDs and PCDFs either 
singly or as part of a mixture in which there is no interference between closely eluted 
components. 

A static resolving power of at’least 10,000 must be demonstrated for masses 330.9792 
and 430.9729. The check must be performed at the beginning and end of 12 hour shift. 

a. The analysis time for PCDDs and PCDFs may exceed the long-term mass stability 
of the mass spectrometer. Because the instrument is operated in the high-resolution 
mode, mass drifts of a few ppm (e.g., 5 ppm in mass) can have serious adverse effects 
on the instrument performance. Therefore, a mass-drift correction is mandatory. 
A lock-mass ion from the reference compound (PFK) is used for tuning the mass 
spectrometer. The lock-mass ion is dependent on the masses of the ions monitored 
within each descriptor, as shown in Table 5. The level of the reference compound 
(PFK) metered into the ion chamber during HRGC/HRMS analyses should be 
adjusted so that the amplitude of the most intense selected lock-mass ion signal 
(regardless of the descriptor number) does not exceed 10 percent of the full-scale 
deflection for a given set of detector parameters. Under those conditions, sensitivity 
changes ,that might occur during the analysis can be more effectively monitored. 
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NOTE: Excessive PFK (or any other reference substance) may cause noise problems 
and contamination of the ion source resulting in an increase in time lost in cleaning 
the source. 

B . Inject the HRCCl calibration solution (Table 3) and check for ion abundance ratios, 
minimum levels, signal-to-noise ratios, and absolute retention times. 

1. Measure the SICP areas for each analyte and compute the ion abundance ratios 
specified in Table 6. Compare the computed ratio to the theoretical ratio given in Table 
6. 

. 

a. The groups of m/z’s to be monitored are shown in Table 5. Each group or descriptor 
shall be monitored in succession as a function of GC retention times to ensure that 
all PCDDs and PCDFs are detected. The theoretical abundance ratios for the m/z’s 
are given in Table 6, along with the control limits of each ratio. 

b. The mass spectrometer shall be operated in a mass drift correction mode, using 
perfhtorokerosene (PFK to provide lock masses. The lock mass for each group of 
m/z’s is shown in Table 5. Each lock mass shall be monitored and shall not vary by 
more than rt 10 percent throughout its respective retention time window. Variations 
of the lock mass by more than 10 percent indicate the presence of coeluting 
interferences that may significantly reduce the sensitivity of the mass spectrometer. 
Reinjection of another aliquot of the sample extract will not resolve the problem. 
Additional cleanup of the extract may be required to remove the interferences. 

c. Verify that the HRGWIRMS instrument meets the minimum levels in Table 3. 
The peaks representing both unlabeled and labeled analytes in the calibration 
standards must have a signal-to-noise ration (S/N) greater than or equal to 10; 
otherwise, the mass spectrometer shah be adjusted and this test repeated until the 
minimum levels in Table 3 are met. 

d. The absolute retention time of 13C,,-1,2,3,4-TCDD shall exceed 25.0 minutes on 
the DB-5 column, and 15.0 minutes on the SP2331 column; otherwise, the GC 
temperature program shall be adjusted and this test repeated until the above stated 
minimum retention time criteria are met. 

C. Compute the percent valley between the GC peaks that elute most closely to the 2,3,7,8- 
TCDD and TCDF isomers, on their respective columns, per Figure 4. *. 

a. Verify that the height of the valley between the most closely eluted isomers and the 
2,3,7,8- isomers is less than 25 percent. If the valley exceeds 25 percent, adjust the 
analytical conditions and repeat the test or replace the GC column and recalibrate. 

D. Calibration with isotope dilution: Isotope dilution is used for the fifteen 2,3,7,8-substituted 
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PCDDs and PCDFs with internal standards added to the samples prior to the extraction. The 
reference compound for each unlabeled compound is shown in Table 2. 

E. Five Point Calibration: Analyze 5 calibration solutions (Table 3). 

F. Calculate the relative response factors (RRFn) for the 17 unlabeled target analytes (2,3,7,8- 
specific PCDD/PCDFs, OCDD and OCDF) relative to their appropriate internal standards 
(RRFis), and the RRFis for the ten labeled standards according to the following formulas: 

RRFn = An x Qis 
AisxQn 

RRFis = Ais x Qrs 
Ars x Qis 

where: 

All= Sum of integrated ion abundance of the quantitation ions for unlabeled PCDDs/ 
PCDFs (Table 2.) 

Ais = Sum of integrated ion abundance of the quantitation ions of the appropriate 
recovery standard (Table 2.) 

Ars = Sum of integrated ion abundance of the quantitation ion of the appropriate 
internal standard. 

Qn = Quantity of the unlabeled PCDDWDF analyte injected (pg). 

Qis = Quantity of the appropriate internal standard injected (pg). 

Qrs = Quantity of the appropriate recovery standard injected (pg). 

The RRFn and RRFis are dimensionless quantities; therefore, the units used to express the 
Qn, Qis, and Qrs must be the same. 

G. Relative Response Factor Criteria 

1. Calculate the mean RRF and percent relative standard deviation (%RSD) of the five 
RRFs (HRCCl to HRCCS) for each unlabeled PCDDKDF and labeled PCDDKDF 
and internal standards present in all five concentration calibration solutions. 

2. The RRFs calculated for the unlabeled PCDDsiPCDFs are relative to the appropriate 
labeled standard, and the RRFs for the labeled PCDD/PCDFs are relative to the internal 
standards. 

%RSD = Stant;kDRvi;tion x 100 

3. The %RSD is calculated for the unlabeled and labeled analytes only. The %RSD 
(HRCCl - HRCCS) for the unlabeled PCDDs/PCDFs and the labeled PCDD/PCDFs 
must not exceed 20% & 30% respectively. 

H. Continuing Calibmtion 

1. The continuing calibration consists of two parts: analysis of the homologue window 
defining mix containing isomer specific TCDDs to verify that the appropriate descriptor 
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switching times are used and % Valley criteria is met; and analysis of the HRCC3 
solution to demonstrate DB-5 GC column resolution and for use as a quantitation 
standard. At the beginning of a 1Zhour analytical period, window defining mix is 
analyzed and if all criteria are met, the HRCQ solution is analyzed. 

I, Continuing Calibration (verification Standard) Procedure 

1. Inject a 1l~L aliquot of the continuing calibration solution (HRCC3) into the GC/MS. 
The identical. GC/MS conditions used for the analysis of the initial calibration solutions 
m be used for the continuing calibration solution. 

2. Calculate the relative response factors (RRF) for the 17 unlabeled target analytes 
relative to their appropriate internal standards (RRFn) and the response factors for the 
nine internal PCDD/PCDFs relative to the appropriate recovery standard (RRFis), 
according t.o the following formulas: 

RRFn =: An x Qis 
AisxQn 

RRFis = Ais x Qrs 
Ars x Qis 

An, Ais, Qis, Qn Ars, and Qrs are defined on page 6. 

The RRFn and RRFis are dimensionless quantities; therefore, the units used to 
express the Qn, Qis, and Qrs must be the same. 

3. The Verification Standard must meet the criteria specified in Table 7. 

4. Analyze the Calibration Verification Solution at the end of the 12 hr sequence. It must 
meet the criteria specified in Table 7. 

VII. SAMPLE PRESERVATION AND HANDLING 

A. Water Samples. Each water sample received will consist of at least two (2) l-liter (or quart) 
amber glass bottles. Do not freeze. After a portion of the sample is removed for analysis, the 
unused portion of the sample is stored in a locked, limited access area for at least 60 days from 
the date of data submission. 

B. Soil/Chemical Waste Samples. When received, each sample will be contained in a l-pint glass 
jar surrounded by vermiculite in a sealed metal paint can. Until a portion is removed for 
analysis, the sealed sample must be stored in a locked limited access area where ambient 
temperature is maintained above freezing. After a portion is removed for analysis, the unused 
portion of the sample is returned to its original container and stored at ambient temperature 
for at least 60 days from the date of data submission. 

C. Air Samples. PUF cartridges will be received wrapped in Aluminum foil and enclosed in a glass 
jar. The filter papers which are part of PUF cartridge sampling will be received either 
separately wrapped in foil or folded inside the cartridge. The glass jars will be kept inside the 
refrigerator at 4°C 2 2°C until ready for extraction for Pesticide/PCBs, Semivolatile, or 
Dioxin analysis. 
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VIII. EXTRACTION PROCEDURES 

A. Soxhiet-Dean Stark (SDS) Apparatus 

1. The combination of a Soxhlet extractor and a Dean Stark Moisture trap is used for the 
removal of water and extraction of PCDDslPCDFs from samples of oily sludge, wet fuel 
oil, fly ash, soil/sediment, and the particulate fraction of water samples. The combination 
consists of a Soxhlet extractor body with a Dean Stark moisture trap fitted between the 
extractor and the condenser. 

2. The extraction of soil/sediment, fly ash, and particulates from water samples will require 
the use of a Soxhlet thimble by adding 5g of 70/230 mesh silica gel to the thimble to 
produce a thin layer in the bottom of the thimble. This layer will trap fine particles in the 
thimble. Add 100 g of quartz sand on top of the silica gel, and place the thimble in the 
extractor. 

3. After preextraction for three hours, allow the apparatus to cool and remove the 
thimble. Mix the soil/sediment, fly ash, or particulates with the quartz sand, being 
careful non to disturb the layer of silica gel. 

B. Chemical Waste Sample i&&action 

1. Oily SludgelIGf FuelOil. Weigh about 1 gram of sample to two decimal places into a tared 
125-mL flask. Add 1 mL of the acetone-diluted labeled standard solution to the sample. 
Extract the sample by refluxing it with 50 mL of toluene in a Soxhlet-Dean Stark (sds) ,, 
extractor. 

Continue refluxing the sample until all the water has been removed. Cool the sample, 
filter the toluene; extract through a rinsed glass fiber filter into a 100 mL round bottom 
flask. Rinse the filter with 10 mL of toluene; combine the extract and rinsate. 
Concentrate the combined solution to near dryness using a rotary evaporator at 50°C. 

2. StillbottomlOif. Weigh about 1 gram of sample to two decimal places into a tared SO-mL 
flask. Add 1. mL of the acetone-diluted labeled standard solution to the sample. Mix the 
sample with 10 mL of toluene and filter the solution through a rinsed glass fiber filter 
into a 50 mL round-bottom flask. Rinse the flask and filter with 10 mL of toluene. 
Concentrate the combined toluene solutions to near dryness, or until all the solvent is 
removed, using K-D-apparatus. 

3. Fly ash. Weigh about 10 grams of the fly ash to two decimal places, and transfer to an 
extraction jar. Add 1 mL of the acetone-diluted labeled standard solution to the sample. 

Add 150 mL of 1 N HCl to the fly ash in the jar. Seal the jar with the Teflon-lined screw 
cap and shake for 3 hours at room temperature. Rinse a Whatman #l (or equivalent) 
filter paper with toluene, and then filter the sample through the filter paper in a Buchner 
funnel into a 1 L receiving flask. Wash the fly ash with approximately 500 mL distilled 
water. Tran.sfer the fly ash sample and filter paper to an extraction thimble. Place the 
thimble in a Soxhlet-Dean Stark extractor, add 200 mL toluene, and extract for 16 hours. 

The solvent rnust cycle completely through the system 5-10 times per hour. Cool and 
filter the toluene extract through a rinsed glass fiber filter into a 500 mL round-bottom 
flask. Rinse the filter with 10 mL of toluene. Concentrate the combined toluene 
solutions toI near dryness using a rotary evaporator at 50°C. 
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Note: A blank must be analyzed using a piece of filter paper handled in the same manner 
as the jly ash sample. 

C. Soil Sediment Sample Extraction 

1. Soxhiet Method 

a. Weigh about 10 g of the soil to two decimal places and transfer to a preextracted 
thimble. Mix the sample with approximately 20 g of quartz sand and add 1 mL of 
the labeled standard solution to the sample. Add small portions of the solution at 
several sites on the surface of the soil/sediment. Place the thimble in the Soxhlet- 
Dean Stark apparatus. Add 400-425 mL toluene to the SDS apparatus, and reflux 
for 16 hours. The solvent must cycle completely through the system S-10 times per 
hour. 

b. Place a solvent rinsed piece of filter paper in a funnel and fill approximately half full 
with anhydrous sodium sulfate. Filter the extract through the funnel into a 500 mL 
KD concentrator fitted with a 10 mL concentrator tube. Add 50 mL of methylene 
chloride to the extraction flask and swirl gently. Filter this rinse through the funnel 
into the KD concentrator. 

c. Add a Tleflon boiling chip to the KD flask and attach a three-ball Snyder column. 
Concentrate the extract in a hot water bath to an approximate volume of 10 mL. 
Remove the apparatus from the water bath and allow it to cool for 5 minutes. 
(Optional: The total volume of extract can be reduced on a hot plate in a 500 mL 
beaker.) Concentrate the volume to 1 mL. 

NOTE*.: Extremely wet samples may require centrifigation to remove standing water 
before extraction. 

2. Jar Method 

a. Weigh about 10 g of the soil sample to two decimal places into a tared 1000 mL jar. 
Add sodium sulfate accordingly and rinse to a sandy consistency. Add 1 mL of the 
labeled standard solution to the sample. Mix the sample with 200 mL. Concentrate 
the extract to 1 mL. 

3. Sonication Method 

a. Weigh approximately 10 g’bf soil sample to two decimal places into a tared beaker. 
Add sodium sulfate accordingly and mix to a sandy consistency. Add 1 mL of the 
labeled standard solution to the sample. Mix the sample with 100 mL of methylene 
chloride and sonicate for three minutes. Do this three times, each time filtering the 
extract into a prepared KD apparatus assembly by means of a prerinsed filter paper 
and funnel. Reduce the volume to 1 mL. 

D. PUF Sample Extraction 

1. Remove the PUF from the glass cartridge and place it in the Soxhlet extractor. Rinse the 
cartridge with methylene chloride and collect the washings into the Soxhlet. Place the 
filter paper o:r the wipe into the Soxhlet along with the PUF (the filter paper is used to 
collect the samples along with PUF.) Spike the PUF with the labeled compound. Wait 
for 30 minutes and start the Soxhlet extraction. Extract for 18 hours. Concentrate the 
volume to I. ml and proceed to Step F. 
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2. The outside glass surface of PUF cartridges which are packed with XAD resin 
sandwiched between two PUFs will be rinsed carefully with solvent and then carefully 
placed in the Sohxlet extractor along with the filter paper. Spike the PUF with labeled 
compounds; wait for 30 minutes, and then start the Soxhlet extraction. Extract for 18 
hours. Concentrate the volume to 1 mL and proceed to step F. 

E. W&r Sample Extnrction 

1. Continuous Liquid/Liquid Extraction 

a. Allow the sample to come to ambient temperature, then mark the water meniscus 
on the side of the 1 L sample bottle for determination of the exact sample volume. 
Cap the bottle, and mix the sample by gently shaking for 30 seconds. 

b. Add the aqueous sample to the continuous liquid-liquid extractor. Add 50 mL of 
methylene chloride to the sample bottle. Seal and shake for 30 seconds. 

c. Transfer the solvent to the extractor. Repeat the sample bottle rinse with an 
additional 50 to 100 mL portion of the methylene chloride and add the rinse to the 
extractor. Add 200-450 mL methylene chloride to the distilling flask and sufficient 
reagent water to ensure proper operation. Add 1 mL of the labeled standard to the 
water portion in the continuous liquid-liquid extractor. 

d. Extract for 16 hours. Allow to cool, then detach the flask and dry the sample by 
running it through a rinsed funnel and filter paper with approximately 100 g 
anhydrous sodium sulfate into a 500 mL ISD flask. 

e. Add two cleaning boiling chips to the flask, and attach a three-ball Snyder column. 
Concentrate the extract on a water bath until the approximately volume of the liquid 
reaches 50 mL. Exchange the solvent by adding 50 mL Hexane at the top of the 
Snyder column and continue concentrating to approximately 10 mL. Further 
reduce the volume to 2 mL on a nitrogen blowdown apparatus. The sample is now 
ready for the column cleanup. 

f. Determine the original sample volume by refilling the sample bottle to the mark and 
transferring the liquid to a 1 L graduated cylinder. Record the sample volume to the 
nearest. 5 mL. 

g. Samples containing greater than 1% solids must be filtered after the addition of 
labeled. standard. The solid portion must be extracted separately. Combine the 
extract before column cleanup. 

2. Separatory Funnel &traction 

a. Allow t.he sample to come to ambient temperature, then mark the water meniscus 
on the side of the 1 L sample bottle for determination of the extract sample volume. 
Cap the bottle, and rinse the sample by gently shaking for 30 seconds. 

b. Add the aqueous sample to the separatory funnel. Add 50 mL of methylene chloride 
to the sample bottle, seal, and shake for 30 seconds. 
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C. 

d. 

e. 

Transfer the solvent to the separator-y funnel. Repeat the sample bottle rinse with 
50 mL solvent and add to the separatory funnel. Add 1 mL of the labeled standard 
solution into the water portion of the separator-y funnel. Seal and shake the 
separatory funnel vigorously for 3 minutes with period venting to release excess 
pressure. Allow the sample to stand for approximately 10 minutes so that the 
organic layer can be separated from the water phase. 

Repeat the extraction two more times using fresh portions of solvent (100 mL). 
Continue the three solvent extracts and filter into a KD assembly via a sodium 
sulfate packed funnel. Concentrate the extract to 1 mL. 

Samples containing greater than 1% solids must be filtered after the addition of 
labeled. standard. The solid portion must be extracted separately. Combine the 
extract before column cleanup. 

F. Back Extraction with Base and Acid 

1. Spike 1.0 mL of the cleanup standard into the separator-y funnels containing the sample 
and QC extracts. 

2. Partition t.he extract against 50 mL of potassium hydroxide solution. Shake for 2 minutes 
with periodic venting into a hood. Remove and discard the aqueous layer, to a maximum 
of four washings. Minimize contact time between the extract and the base to prevent 
degradation. of the PCDDs and PCDFs. Stronger potassium hydroxide solutions may be 
employed for back extraction, provided that the laboratory meets the specifications for 
labeled compound recovery. 

3. Partition t:he extract against 50 mL of sodium chloride solution in the same way as with 
base. Discard the aqueous layer. 

4. Partition the extract against 50 mL of sulfuric acid in the same way as with base. Repeat 
the acid washing until no color is visible in the aqueous layer, to a maximum of four 
washings. 

5. Repeat the partitioning against sodium chloride solution and discard the aqueous layer. 

6. Pour each extract through a drying column containing 7 to 10 cm of anhydrous sodium 
sulfate. Rinse the separatory funnel with 30 - 50 mL of toluene and pour through the 
drying column. Collect each extract in a 500 mL round bottom flask. Concentrate and 
clean up the samples and QC aliquots to 1 mL. 

1x. AIUAWTICALPROCEDURES 

A. Column Chromutography 

1. Column 1. Place 1 g silica gel into a 1 cm x 30 cm column fitted with a Teflon stopcock. 
With glass wool tap the column gently to settle the silica gel. Add 2 g sodium hydroxide- 
impregnated silica gel, 1 g silica gel, 4 g sulfuric acid-impregnated silica gel, and 2 g silica 
gel, 1 g Na2S04. Tap the column gently after each addition. A small positive pressure 
(5 psi) of clean nitrogen may be used if needed. 

2. Column 2. Pack a gravity column (glass 1 cm x 30 cm column) fitted with a Teflon 
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stopcock. Insert a glass-wool plug onto the bottom of the column. Place 6 g layer of the 
activated acid alumina. Add a 1 cm layer of purified sodium sulfate to cover the alumina. 
Tap the top of the column gently. 

3. Add hexane to each column until the packing is free of air bubbles. A small positive 
pressure (5psi) of clean dry nitrogen may be used if needed. Check the columns for 
channeling. If channeling is present, discard the column. 

Caution: Do [not tap a wetted column. 

4. The 10 mL Hexane collection from phase I is loaded to the top of the silica gel column. 
Rinse the concentrator tube or KD flask with enough hexane (3-4 mL) to complete the 
quantitative transfer of the sample to the surface of the silica. 

5. Using 60 mL, of hexane, elute the extract from Column 1 directly onto Column 2, which 
contains the ahunina and sodium sulfate. 

Caution: Do r& allow the alumina column to run dry. 

6. Add 20 mL of hexane to Column 2, and elute until the hexane level is just below the top 
of the sodium sulfate. Do not discard the eluted hexane, but collect in a separate flask, 
and store it for later use, as it may be useful in determining where the labelled analytes 
are being lost if recoveries are less than 80%. 

7. Add 20 mL of 40% methylene chloride/60% hexane (volume/volume) to column 2 and 
collect the eluate. 

8. Concentrate the extract to approximately 2 to 3 mL. 

Caution: Dal !a concentrate the eluate to dryness. The sample is now ready to be 
transferred to the Carbon column. 

B. Carbon Column Chromatographic Procedure 

1. Thoroughly mix 5.35 g active carbon AX-21 and 62.0 g Celite 545 to produce a 7.9% 
w/w mixture. Activate the mixture at 130°C for 6 hours, and store in a desiccator. 

2. Check each new batch of the CarbonKelite and maintain the results from the analyses 
for examination. To accomplish this, add 50 PL of the continuing calibration solution 
to 950 PL of bexane. Concentrate the continuing calibration solution to 50 pL. If the 
recovery of any of the analytes is less than 80%, this batch of CarboNelite mixture may 
not be used. 

3. Prepare a 4-inch glass column by cutting off each end of a 10 mL disposable serological 
pipet. Fire polish both ends and flare if desired. Insert a glass wool plug at one end of the 
column, and pack it with 1 g of the CarboKelite mixture. Insert an additional glass wool 
plug in the other end. 

4. Rinse the column with: 

a. 4 mL Toluene. 

b. 2 mL of Methylene Chloride/Methanol/roluene (75:20:5 v/v). 

c. 4 mL of Cyclohexane/Methylene Chloride (50:50 v/v). 
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5. Discard all t.he column rinsates. 

6. While the column is still wet, transfer the concentrated eluate to the prepared carbon 
column. Rinse the eluate container with two 0.5 mL portions of hexane and transfer the 
rinses to the AX-21 carbon column. Elute the column with the following sequence of 
solvents. 

a. 10 mL, of Cyclohexane/Methylene Chloride (50:50 v/v). 

b. 5 mL of Methylene Chloride/Methanol/Toluene (75:20:5 v/v). 

7. Once the solvents have eluted through the column, turn the column over, and elute the 
PCDD/PCDF fraction with 20 mL of toluene. 

8. Evaporate the toluene fraction to near dryness in a rotary evaporator. Transfer the 
extract to a. 2.0 mL reacti-vial using a toluene rinse. Exchange the solvent to methylene 
chloride. 

9. Concentrate to near dryness. 

C. GCIMS Analysis 

1. Remove the extract of the sample or blank from storage. Gently swirl the solvent on the 
lower portion of the vial to ensure complete dissolution of the PCDDs/PCDFs. Add 10 
PL of Labeled Standard Solution and 10 PL nonane solution to vial. 

2. Analyze the extract by GC/MS, and monitor all of the ions listed in Table 5. The same 
MS parameters used to analyze the calibration solutions shall be used for the sample 
extracts. 

D. Identification Criteria. For a gas chromatographic peak to be identified as a PCDD of PCDF, 
it must meet all of the following criteria. 

1. Relative Retention Times: 

a. In order to make a positive identification of the 2,3,7,8+ubstituted isomers for 
which an isotopically labeled or labeled standard is present in the sample extract, the 
absolute retention time at the maximum peak height of the analyte must be within 
-1 to 3 of the retention time of the corresponding labeled standard. 

b. In order to make a positive identification of the 2,3,7,8-substituted isomers for 
which a I.abeled standard is not available, the relative retention time (RRT) of the 
analyte rnust be within 0.005 RRT units of the RRT established by the continuing 
calibration. The RRT is calculated as follows: 

RRT :=- retention time of analyte 
retention time of corresponding labeled compound 

c. For non-2,3,7,8-substituted compounds (tetra through octa) the retention time 
must be within the retention time windows established by the window defining mix 
for the corresponding homologue. 

d. All of the specified ions listed in Table 5 for each PCDD/PCDF homologue and 
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labeled standards must be present in the SICP. The ion current response for the 
quantitation and confirmation ions for the analytes and labeled standards must 
maximize simultaneously (2 2 seconds). 

e. Signal-to-Noise Ratio: The integrated ion current for each analyte ion listed in 
Table 5 must be at least 2.5 times background noise and must not have saturated the 
detector. 

f. Ion Abundance Ratios: The relative ion abundance criteria listed in Table 6 for 
native analytes and labeled standards must be met using areas to calculate ratios. 

E. Polychiorinated Diphenyl Ether (PCDPE) Intetferences 

1. The identification of a GC peak as a PCDF cannot be made if a signal having S/N > 2.5 
is detected at the same retention time (+ or - 2 seconds) as in the corresponding PCDPE 
channel ( see Table 5). If a PCDPE is detected, it shall be documented in the Case 
Narrative. Any other intereference will be documented in the case narrative. 

F. Method Blanks 

1. A minimum of one blank per matrix shall be analyzed with each sample batch (maximum 
of 20 samples). If samples of the same matrix are extracted in different episodes (i.e. 
different shifts or days), one blank per matrix must be prepared for each episode. 

2. An additional blank shah be analyzed when new reagents are used and with each set of 
samples rerun When water samples in a sample batch are extracted using both the 

,. .,, 

separatory funnel and continuous liquid-liquid extraction procedures, at least one blank 
must be prepared by each procedure. 

3. Method Blank Criteria: Acceptable laboratory method blanks must not contain any 
chemical interference or electronic noise at the m/z of the specified unlabeled PCDD/ 
PCDF ions which is greater than 5 percent of the signal of the appropriate labeled 
standard quantitation ion. A peak that meets identification criteria in the method blank 
must not exceed 2 percent of the concentration of the appropriate labeled standard. If 
the method blank that was extracted along with a batch of samples is contaminated, the 
associated samples with positive hits must be reextracted and reanalyzed. 

,. 
X CALCUlATlON 

A. Concentration: 

For GC peaks that have met all the identification criteria calculate the concentration of the 
individual PCDD or PCDF isomers using the formulas: 

1. ALL MATRICES OTHER THAN WATER 

Cn (@kg) =: _ Qis x An 
WxAisxRRFn 
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2. WATER 

Cn (pg/L) := Qis x An 

VxAisxRRFn 

where: 

All= Sum of integrated ion abundance of the quantitation ion for unlabeled 
PCDDsKDFs (Table 2.) 

Ais = Sum of integrated ion abundance of the quantitation ion of the appropriate 
internal standard (Table 2.) 

Cn = Concentration of native PCDDKDF found in the sample. 

W= W’eight (g) of sample extracted. 

v= Volume (L) of sample extracted. 

Qis = Quantity (pg) of the appropriate labeled standard added to the sample prior to 
extraction. 

RRFn= A;verage response factor from initial calibration. 

3. The concentrations of the specific isomers are calculated as follows: 

a. For homologs that contain only one isomer (OCDD and OCDF) or only one 
2,3,7,&substituted isomer (TCDD, PeCDD, HpCDD, and TCDF), the RRF of the 
2,3,7,&substituted isomer from the initial calibration will be used to quantitate both 
the 2,3,7,8-substituted isomers and the non-2,3,7,8 isomers. 

b. For homologs that contain more than one 2,3,7,8-substituted isomer, the RRF used 
to calculate the concentration of each 2,3,7,8-substituted isomer will be the RRF 
determined for that isomer during the initial calibration. 

c. For homologs that contain one or more non-2,3,7,8 isomers, the RRF used to 
calculate the concentration of these isomers will be the average of the RRFs 
determined during the initial calibration for the 2,3,7,8+ubstituted isomers in that 
homolog. 

d. In addition to the concentrations of specificisomers, the total homolog concentrations 
are re:ported on Form 1;. Calculate the total concentration of each homolog of 
PCDDslPCDFs as fohows: 

(1) Total concentration = sum of the concentrations of every positively 
identified 2,3,7,8-isomer and the non-2,3,7,8 isomers which meet ion 
identification criteria. 

e. If the original sample, prior to any dilutions, has a percent recovery of the labeled 
standard of less than 40%, reextraction and reanalysis is required. 

f. If the concentration of any PCDD/PCDF in the sample has exceeded the calibration 
range, or the detector has been saturated, a dilution shall be performed. 
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g* “Estimated Maximum Possible Concentration” (EMPC) calculated according to 
the same expression, except that An shoud represent the sum of the area under the 
smaller peak and of the other peak area calculated using the theoretical chloride 
isotope ratio. 

B. Calculate the percent recovery for each labeled standard in the sample extract, Ris, using the 
equation: 

Ris = AisxQrs x 100% 
Ars :x RRFis x Qis 

The r3CIz-1,2,3,4-TCDD is used to quantitate the tetra and penta labeled standards, and 
13C,2-1,2,3,7,8,9-HxCDD is used to quantitate the HxCDD, HpCDF and OCDD 
internal standards (see Table 2.) 

C. Sample Data 

1. A sample data summary top sheet (Figure 5 & 6) summarizes the analyte concentrations, 
detection limit, EMPC values, ion abundance ratios, and relative retention time. Figure 
6 shows the carbon-labeled standard percent recovery. 

2. A set of “raw data” (Figure 7 to 8) reports the corresponding area measurement, ion 
ratio, and retention times for all GC/MS peaks. The peak list includes all homologue 
isomer peaks which meet the identification criteria. ,. 

xl. ouALrrYcoNTRoL 
A. Method Blank Before processing any samples, the analyst must demonstrate through the 

analysis of a method blank that all glassware and reagents are interferant-free at the method 
detection limit of the matrix of interest. Each time a set of samples is extracted, or there is a 
change in reagents, a method blank must be processed as a safeguard against laboratory 
contamination. 

A laboratory “method blank” must be run along with each analytical batch (20 or fewer 
samples). A method blank is performed by executing all of the specified extraction and cleanup 
steps, except for the introduction of asample. The method blank is also spiked with the labeled 
standards. For water samples, one liter of deionized and/or distilled water should be used as 
the method blank. Processed sand is used for soil blank. 

B. Peformunce Samples: The laboratory is expected to analyze performance evaluation samples 
as provided by the EPA on a periodic basis throughout the course of a given project. Additional 
sample analyses will not be permitted if the performance criteria are not achieved. Corrective 
action must be taken and acceptable performance must be demonstrated before sample 
analyses can resume. 

C. Field Duplicures (individual samples taken from the same location at the same time) should be 
analyzed per 20 samples to determine the total precision (field and lab). 
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D. Field Blanks: Where appropriate, “field blanks” will be provided to monitor for possible 
cross-contamination of samples in the field. The typical “field blank: will consist of 
uncontaminated soil (background soil taken off-site). 

E. Performance Check Solution: GC column performance must be demonstrated initially and 
verified prior to analyzing any sample in a 12-hr period. The GC column performance check 
solution must be analyzed under the same chromatographic and mass spectrometric conditions 
used for other samples and standards. 

G. Calibration Standards: Before using any cleanup procedure, the analyst must process a series 
of calibration standards through the procedure to validate elution patterns and the absence of 
interferants from reagents. Both alumina column and carbon column performance must be 
checked. Routinely check the 8 percent CH2ClUhexane eluate of environmental extracts 
from the alumina column for presence of target analytes. 

H. Documentation: Initial demonstration of the ability to generate acceptable accuracy and 
precision must be documented. 

I. Aliquofs: Four 1 liter aliquots of reagent water spiked with precision and accuracy standard 
along with labeled standard. The aliquot must go through the extraction and cleanup 
procedure. The standard deviation and average concentration must meet the criteria in 
Table 7. 

J. U’S: An ongoing precision and accuracy standard (Laboratory Control Spike) must be 
extracted and analyzed with each batch containing more than 10 samples. It should match the 
criteria specified in Table 7. 

XII. DATA DELIVERABLES 

A. For CLP requirements, the data will be delivered in the following format. 

1. PCDDKDF couplet SDG File Inventory Sheet. 

2. SDG Narrative. 

3. PCDD/PCDF Analysis Data Sheet (Form 1) 

4. PCDD/PCDF Confirmation Analysis Data Sheet (Form 1) 

5. PCDD/PCDF Labeled Compound & Cleanup Standard Recovery (Form 2) 

6. MS/I&SD or LCS/LCSD Spike Sample Summary. 

7. PCDD/PCDF Method Blank Summary (Form 4DF) 

8. PCDDiPCDF Analytical Sequence Summary (Form SDFC) 

9. PCDD/PCDF RT Window and Isomer Specificity Standards. 

10. Peak Locate (Mass Resolution) Display 

11. PCDDKDF Initial Calibration (Form 3A, 3B, 3C, 3D) 

12. PCDDKDF Calibration Verification (Form 4A) 
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13. PCDDEDE; Analysis Data Sheet for blank. 

14. PCDD/PCDF Analysis Data Sheet for MWMSD or LCWLCSD. 

15. Run Logs. 

16. Extraction Logs. 

17. Chain-of-Custody 

,- 
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Table 1 
Anatyte Relatlve Retention T’hne Reference Attributions 

Analyte Analyte RRT Reference 

2,3,7,8-TCDD ........................................ 13C-2,3,7,8-TCDD 

2,3,7,8-TCDF ......................................... 13C-2,3,7,8-TCDF 

1 2 3 7 8-PeCDD , , , * ................................... 13C-1 2 3 7 8-PeCDD , , , 3 

1 2 3 7 , , , Y 8..PeCD F .................................... 13C-1,2,3,7,8-PeCDF 

2 3 4 7 8..PeCD F , , , ..................................... 13C-1 2 3 7 8-PeCDF , , , , 

1 2 3 4 7.,8-HxCDD , , f 7 ............................... 13C-1,2,3,6,7,8-HxCDD 

1,2,3,4,7,8+HxCDD ............................... 13C-1,2,3,6,7,8-HxCDD 

1 2 3 7 8.,9-HxCDD , , , 7 ............................... 13C-1,2,3,6,7,8-HxCDD 

1,2,3,4,7,,8-HxCDF ................................ f3C-1,2,3,4,7,8-HxCDF 

1,2,3,6,7,,8+IxCDF ................................ 13C-1,2,3,4,7,8-HxCDF 

1,2,3,7,8,,9-HxCDF ................................ 13C-1,2,3,4,7,8-HxCDF 

2,3,4,6,7,8”HxCDF ................................ 13C-1,2,3,4,7,8-HxCDF 

1,2,3,4,6,7,,8-HpCDD ............................ 13C-1,2,3,4,6,7,8-HpCDD 

1,2,3,4,6,7,8-HpCDF ............................. ‘3C-1,2,3,4,6,7,8-HpCDF 

1,2,3,4,7,8,9-HpCDF ............................. r3C-1,2,3,4,6,7,8-HpCDF 

OCDD ..................................................... 13C-OCDD 

OCDF ...................................................... 13C-OCDD 
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Table 2 
Reference Compounds for Ouantitatlon of Natfve and labeled PCDDs and PCDFs 

Compound 
Number Type Name 

Reference 
Compound 

1. ................. NAT ......................................... 2,3,7,8-TCDD ................................ 18 

2 .................. NAT .................................... 1 2 3 7 , 9 , 7 8-PeCDD ................................ 19 

3 .................. NAT ................................ 1,2,3,4,7,8-HxCDD ................................ 20 

4 .................. NAT ................................ 1,2,3,6,7,8-HxCDD ................................ 20 

5 .................. NAT ................................ 1,2,3,7,8,9-HxCDD ................................ 20 

6 .................. NAT ............................. 1,2,3,4,6,7,8-HpCDD ................................ 21 

7 .................. NAT ...................................................... OCDD ................................ 22 

8 .................. NAT .......................................... 2,3,7,8-TCDF ................................ 23 

9 .................. NAT ..................................... 1 2 3 7 , , , , 8-PeCDF.. .............................. 24 

10.. ................ NAT ..................................... 2 3 4 7 , 9 9 , 8-PeCDF.. .............................. 24 

1 1.. ................ NAT ................................. 1,2,3,4,7,8-HxCDF.. .............................. 25 

12.. ................ NAT ................................. 1 2 3 6 7 , , , , , 8-HxCDF ................................ 25 

13.. ................ NAT ................................. 1,2,3,7,8,9-HxCDF ................................ 25 

14.. ................ NAT ................................. 2,3,4,6,7,8-HxCDF.. .............................. 25 

15.. ................ NAT ............................. 1,2,3,4,6,7,8-HpCDF ............. ., .................. 26 

16.. ................ NAT ............................. 1,2,3,4,7,8,9-HpCDF.. ............................... 26 

17.. ................ NAT ....................................................... OCDF ................................ 22 

18.. ..................... IS ................................. 13C-2,3,7,8-TCDD ................................ 27 

19.. ..................... IS ............................. 13C-1 2 3 7 , , , 9 8-PeCDD .... ..m........, ................. 27 

20.. ..................... IS ........................ ‘3C-1,2,3,6,7,8-HxCDD ................................ 28 

21....................... IS ........................ 13C-1,2,3,6,7,8-HpCDD ................................ 28 . . 
22.. ..................... IS .............................................. 13C-OCDD ................................ 28 

23.. ..................... IS .................................. 13C-2,3,7,8-TCDF ................................ 27 

24.. ..................... IS ............................. 13C-1,2,3,7,8-PeCDF ................................ 27 

25.. ..................... IS ......................... 13C-1,2,3,4,7,8&CDF.. .............................. 28 

26.. ..................... IS ...................... 13C-1,2,3,4,6,7,8-HpCDF ................................ 28 

27.. .................... KS ................................. 13C-1,2,3,4-TCDD 

28.. .................... KS ........................ 13C-1 2 3 7 8 7 , f 7 7 9-HxCDD 

29.. ............... WJE’ ............................. 37C1-1 2 3 7 8-TCDD , 7 , , ................................ 27 

NAT = Native Compounds RS = Recovery Standard 
IS = Internal Standard (Labeled Compounds) C/UP = Cleanup Standard 
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Table 3 
Concentrations of SoluUons Contafning LaMled and Unlabeled PCDDs and PCDFs 

CaHbraQimn and VarifkatJon Solutions 

VER(@ 
HRCCl HRcc2 HRCC3 HRcc4 HRcc5 

Compound (na/mL) (ng/mL) bhnL) (n&nL) (ng/mL) 
Natlve CDDs and 

2 , 3 , 7 , 8 - %ib’ 0.5 2 10 40 200 
2,3,7,8-TCDF 0.5 2 10 40 200 

1,2,3,7,8-PeCDD 2.5 10 50 200 1000 
12 , , 3 , 7 , 8-PeCDF 2.5 10 50 200 1000 
2 , 3 , 4 , 7 , 8-PeCDF 2.5 10 50 200 1000 

1,2,3,4,7,8-HxCDD 2.5 10 50 200 1000 
1,2,3,6,7,8-HxCDD 2.5 10 50 200 1000 
123789-HxCDD , , , , 7 2.5 10 50 200 1000 
1,2,3,4,7,8-HxCDF 2.5 10 50 200 1000 
1,2,3,6,7,8-HxCDF 2.5 10 50 200 1000 
1,2,3,7,8,9-HxCDF 2.5 10 50 200 1000 
2,3,4,6,7,8-HxCDF 2.5 10 50 200 1000 

1,2,3,4,6,7,8-HpCDD 2.5 10 50 200 1000 
1,2,3,4,6,7,8-HpCDF 2.5 10 50 200 1000 
1,2,3,4,7,8,9-HpCDF 2.5 10 50 200 ., 1000 

OCDD 5.0 20 100 400 2000 
OCDF 5.0 20 100 400 2000 

Internal Standards - 
‘3C,z-2,3,7,8-TCDD 100 100 100 100 100 

‘3C12-2,3,7,8-TCDF 100 100 100 100 100 

13C,2-1,2,3,7,8-PeCDD 100 100 100 100 100 

13C12-1,2,3,7,8-PeCDF 100 100 100 100 100 

‘3C12-1,2,3,6,7,8-HxCDD 100 100 100 100 100 

‘3C12-1,2,3,4,7,8-HxCDF 100 100 100 100 100 

‘3C12-1,2,3,4,6,7,8-HpCDD 100 100 100 LOO 100 

13C12-1,2,3,4,6,7,8-HpCDF 100 100 100 LOO 100 
13C,2-OCDD 200 200 200 200 200 - 

Cleanuo Standard 
37C14-2,3,7,8-TCDD ‘- 0.5 2.0 10 40 200 

-- Recovers Standards 
‘3C,2-1,2,3,4-TCDD 100 100 100 100 100 

‘3C,2-1,2,3,7,8,9-HxCDD 100 100 100 100 100 

ca) Calibration verification (VER) solution. 

(4 The calibmtion range is based on Method 1613, which the lowest point is twice lower than Method 8290, HRCCI requireaI The 
highest point is twice higher thhan Method 8290, HRCCZ, ercept the tetm compounds. 
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Table 4 
ConcenWtIons of Soluttons Containing Labeled and 

Unlabeled PCDDs and PCDFs Slmck and Spiking Solutions 

Labeled Labeled Internal 
Compound Compound 

Cleanup 

Stock 
Solution(l) 

Spikin 
72 

fiti 
Standard Standard 

Solution ) Solution t3) 
Spikin 

Solution 4, 4 
Spikin 

Solution 5) 7 
(ndmLO (ng/mL) (n&L) (&mL) WmIJ 

Native CDDs and CDFs 
2,3,7,8-TCDD - - 40 - - 
2,3,7,8-TCDF -- - 40 - - 

12 3 7 8-PeCDD - , , 9 , - 200 - - 
12 3 7 8-PeCDF - , , , , - 200 - - 

1,2,3,4,7,8-HxCDD - - 200 - - 
1,2,3,6,7,8-HxCDD - - 200 - - 
1,2,3,7,8,9-HxCDD - - 200 - - 
1,2,3,4,7,8-HxCDF - - 200 - - 
1,2,3,6,7,8-HxCDF - - 200 - - 
1,2,3,7,8,9+IxCDF - - 200 - - 
2,3,4,6,7,8-HxCDF - - 200 - - 

1,2,3,4,6,7,8-HpCDD - - 200 - - 
1,2,3,4,6,7,.8-HpCDF - - 200 - - 
1,2,3,4,7,8,9-HpCDF - - 200 - - 

OCDD - - 400 - - 
OCDF - - 400 - - 

Internal Standards - 
‘3C,2-2,3,7,8-TCDD 100 2 - - - 
‘3C12-2,3,7,8-TCDF 100 2 - - - 

13C12-1,2,3,7,8-PeCDD 100 2 - - - 
*3C12-1,2,3,7,8-PeCDF 100 2 - - - 

13C12-1,2,3,6,7,8-HxCDD 100 2 - - - 
‘3C,2-1,2,3,4,7,8-HxCDF 100 2 - - - 

‘3C12-1,2,3,4,6,7,8-HpCDD 100 2 - - - 
‘3C12-1,2,3,4,7,8,9-HpCDF 100 2 - - - 

‘3C,2--OCDD 200 4 - - - - 
Clcanu~ Standard 

37C14-2,3,7,8-TCDD - - - 0.8 - 
Recovers Standards - 

‘3C12-1,2,3,4-TCDD - - - - 200 
‘3C12-1,2,3,7,8,9-HxCDD - - - - 200 

(1) Prepared in nonane and diluted to prepare spiking solution. 
(2) Prepared from stock solution daily 
(3) Precision and Recovery (PAR) standard. Prepared in nonune and diluted to prepare spiking solution. 
(4) Prepared in nonane. 
(S) Prepared in nonane. 
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Table 5 
Descrlptws, m/z Types, and Elemental Composltlons of the CDDs and CDFs’l) 

Descriptor Accurate m/Z 
Number mjzw Me 
1 292.9825 LOCK 

303.9016 M 
305.8987 M+2 
315.9419 M 
317.9389 -M+2 
319.8965 - M 
321.8936 -M+2 
327.8847 - M 
330.9792 - QC 
331.9368 -- M 
333.9339 -M+2 
375.8364 -M+2 

2 339.8597 -M+2 
341.8567 -M+4 
351.9000 -M+2 
353.8970 -M+4 
354.9792 -LOCK 
355.8546 M+2 
357.8516 -M+4 
367.8949 -M+2 
369.8919 -M+4 
409.7974 -M+2 

3 373.8208 -M+2 
375.8178 -M+4 
383.8639 - M 
385.8610 -M+2 
389.8157 --M+2 
391.8127 -M+4 
392.9760 --i,OCK 
401.8559 -M+2 
403.8529 -M+4 
430.9729 - QC 
445.7555 -M+4 

4 407.7818 M+2 
409.7789 -M+4 
417.8253 - M 
419.8220 -M+2 
423.7766 --M+2 
425.7737 -M+4 
430.9729 -i,OCK 
435.8169 -M+2 
437.8140 -M+4 
479.7165 --M+4 

Elemental 
Composition 

Primary 
Compound(3) m/z? 

C7 FII PFK 

C12 H4 “Cl4 0 TCDF 

Cl2 H4 j3C13 TCDF 
‘jC12 H4 j5C14 0 TCDF(“) 

‘jC12 H4 “Cl3 TCDf14) 

C12 H4 j’Cl4 02 TCDD YES 
Cl2 H4 Wl j7C1 O2 TCDD 

C12 H4 “Cl4 02 l-CDD(“) 

C7 F13 PFK 

‘jC12 H4 ‘-4 02 TCDDc4) 
15C12 H4 j5C1 O2 TCDDt4) 
Cl2 H4 j3C15 5’C1 0 HxCDPE 

C12 H3 3Jc14 3’Cl 0 PeCDF YES 
Cl2 H3 j5C13 j/Cl2 0 PeCDF 
‘%I12 H3 5”C,4 j-‘Cl 0 PeCDF14) YES 
‘$2 H3 j”C13 j’C12 0 PeCDR4) 

Cg F13 PFK 
Cl2 H3 53C14 5’C1 O2 P&DD YES 
Cl2 H3 j5C13 5’C12 O2 PeCDD 
‘jC12 H3 j5C14 j’C1 O2 PeCDD(4) 
13C12 H3 5sC13 j/Cl2 O2 PeCDD(4) 
Cl2 H3 j5C16 j’C1 0 HpCDPE 

Cl2 H2 35C15 37C1 0 HJLCDF 
Cl2 H2 j5C14 j’C12 0 HXCDF 
‘jC12 H2 5sC16 0 HJcCDF(~) YES 
‘5C12 Hz j5Cls j’C1 0 HxCDFf4) 
Cl2 H2 j3C15 j’C1 O2 I&CDD YES 
Cl2 H2 j’C14 j/Cl2 O2 HXCDD 

Cg FIS PFK 
15C12 H2 j5C15 5’C1 O2 HxCDD(~) 
15C12 H2 j5C14 j7C12 O2 HxCDD(~) 

G F13 PFK 
Cl2 H2 j5C16 j/Cl2 0 OCDPE 

Cl2 H 35C16 37C1 0 HpCDF 
Cl2 H 55C17 0 HpCDF 
13C,2 H 35C17 0 HpCDFt4) YES 
13C12 H j5C16 j/Cl 0 HpCDFt4) 
Cl2 H 55C16 j7C1 O2 HpCDD YES 
Cl2 H 55Cls j/Cl2 O2 HI?<SDD 
Cg F17 PFK 
‘jC12 H 55C16 57C1 O2 HpCDDt4) 
15C12 H 5”C1s j7C12 O2 HpCDDt4) 

C12 H ‘%7 3’C~2 0 NCDPE 

Page 23 of 36 



SOUTHWEST LAB~RATORYOFOKLAH~MAJNC. 
STANDARD OPERATING PROCEDURE FOR THE DEETERMINATION ok 
POLYCHLORINATED DIBENZO-P-DIOXINS AND DIBENZOFURANS (BY HIGH RES MASS SPEC) REV 13 - 5/19/95 

Table 5 (continued) 
Descriptors, m/z Types, and Elemental Composltlons of the CDDs and CDFsll’ 

Descriptor Accurate m/z Elemental 
m/z(2) 

Primary 
Number Type Composition Compound(3) m/z? 
5 441.7428 M+2 Cl2 35c1, 3Vl 0 OCDF 

442.9728 LOCK CIO F17 PFK 
443.7399 M+4 cl2 “cl6 j/c12 0 OCDF 

457.7377 M+2 Cl2 -17 j’C1 02 OCDD 
459.7348 M+4 cl2 “cl6 j/c12 02 OCDD 

469.7779 M+2 ‘Xl2 w17 j7Cl 02 OCDD(4) 
- 471.7750 M+4 “Cl2 “C,6 j’c12 02 OCDD(4) 
- 513.6775 M+4 cl2 %8 j’c12 0 DCDPE 

(1) From Reference 5 

(2) Nuclidic masses used: 
H= 1.007825 c := 12.00000 13C = 13.003355 F = 18.9984 
o= 15.994915 Wl = 34.968853 37C1 = 36.965903 

(3) Compound abbreviations: 

Chlorinated dibenzo-pdioxins: 
TCDD = Tetrachlorodibenzo-p-dioxin 
PeCDD = Pentachlorodibenzo-p-dioxin 
HxCDD = Hexachlorodibenzo-p-dioxin 
HpCDD = Heptachlorodibenzqdioxin 
OCDD = Octachlorodibenm-p-dioxin 

Chlorinated dibenzofurans 
TCDF = Tetrachlorodibemofuran 
PeCDF = Pentachlorodibenzofuran 
HxCDF = Hexachlorodibenmfuran 
HpCDF = Heptachlorodibemofuran 

Chlorinated diphenyl ethers 
HxCDPE = Hexachlorodiphenylether 
HpCDPE = Heptachlorodiphenyl ether 
OCDPE = Octachlorodiphenyl ether 
NCDPE = Nonachlorodiphenyl ether 
DCDPE = Dechachlorodiphenyl ether 

Lock mass and QC compound 
PFK = Perfluorokerosene 

(4) Labeled compound 
I. 

(5) There is only one m/z for j7C14-2,3, 7,8-TCDD (cleanup standard). 
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Table 6 
Theorotkal Ion Abundance Ratios and Control Limits 

No. of IUIZ’S 
Chlorine Forming Theoretical Control Limits (l) 
Atoms Ratio - Ratio 

42) M/M+2 0.77 

5 M+UM+4 1.55 

6 M+2/M+4 1.24 

(j(3) MN+2 0.51 

7 M+2/M+4 1.05 

7(4) MIMI-2 0.44 

8 M+2/M+4 0.89 
(1) Represent 215% windows around the theoretical ion abundance ratios. 
(2) Does not apply to 37C14-2,3, :7,8-TCDD (cleanup standard). 
(3) Used for 13C-h?xCDF only. 
(4) Used for 13C-HpCDF only. 

Lower Upper 
0.65 0.89 
1.32 1.78 

1.05 1.43 

0.43 0.59 
0.88 1.20 

0.37 0.51 

0.76 1.02 
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Table 7 
Acceptance CritQria for Performance Tests 

I-Cal Con-Cal 
Compound 

MS-MSD 
%RSD %Delta 

DuP 
%RPD 

2,3,7,8-TCDD -, 
%RPD 

........................... 20 ........................ 20 .......................... 25 ....................... 20 

2,3,7,8-TCDF .. ......................... 20 ........................ 20 .......................... 25 ....................... 20 

1 2 3 7 8-PeCDD , , , 7 ............................ 20 ........................ 20 .......................... 25 ....................... 20 

12 3 7 8-PeCDF 9 , , , ............................ 20 ........................ 20 .......................... 25 ....................... 20 
2,3,4,7,8-PeCDF ............................ 20 ........................ 20 .......................... 35 ” ....................... 20 

1,2,3,4,7,&HxCDD ... ........................ 20 ........................ 20 .......................... $75 1 ....................... 20 

1,2,3,4,7,%HxCDD ........................... 20 ........................ 20.. ........................ 2.5 ....................... 20 

1,2,3,7,8,9-HxCDD ........................... 20 ........................ 20 35 .......................... . ....................... 20 
1,2,3,4,7,8-HxCDF ........................... 20 ........................ 20 .......................... ‘5 . ....................... 20 
1,2,3,6,7,8-HxCDF ........................... 20 ........................ 20 .......................... 75 u ....................... 20 
1 2 3 7 8 7 , 3 , , 9-HxCDF.. ........................ .20 ........................ 20 .......................... 25 ....................... 20 

2,3,4,6,7,8-HxCDF ........................... 20 ........................ 20 ............. . ............. 25 ....................... 20 
1,2,3,4,6,7,8-HiCOD ........................... 20 ........................ 20 ........................... 25 ....................... 20 
1,2,3,4,6,7,8-HpCDF ........................... 20 ........................ 20 ........................... 25 ....................... 20 
1,2,3,4,7,8,9-HpCDF ........................... 20 ........................ 20 .............. . ............ 25 ....................... 20 

OCDD ........................... 20 ........................ 20 .............. . ............ 25 ....................... 20 

OCDF ...... . ..................... 20 ........................ 20 .......................... 25 ....................... 20 

13C-2,3,7,8-TCDD ... ........................ 30 ........................ 30 .......................... 25 ....................... 20 
13C-2,3,7,8-TCDF ............................ 30 ........................ 30 .......................... 25 ....................... 20 

13C-1 2 3 7 8-PeCDD 9 9 , , ............................ 30 ........................ 30.. ........................ 25 ....................... 20 

13C-1 2 3 7 8-PeCDF 9 7 , , ............................ 30,. ...................... 30 .......................... 25 ....................... 20 
‘3C-1,2,3,6,7,8-HxCDD ........................... 30 ........................ 30 .......................... 25 ....................... 20 

13C-1,2,3,4,7,8-HxCDF ........................... 30 ........................ 30 .......................... 25 ....................... 20 
13C-1,2,3,4,6,7,8-HpCDD ......................... 30 ........................ 30 .......................... 25 ....................... 20 

‘3C-1,2,3,4,6,7,8-HpCDF ......................... 30 ........................ 30 .......................... 25 ....................... 20 
13C-OCDD ........................... 30 ........................ 30 .......................... 25 ....................... 20 

37C1-2,3,7,8-TCDD ........................... 30 ........................ 30 .......................... 25 ....................... 20 -- 
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Table 8. 
PCDD/PCDF Isomars Used for Defining the Homologue 
GC R~ltrsntlon Time Windows on a 60m DB-5 Column 

No. of PCDD Isomer PCDF Isomer 
Chlorine Positional Last Positional Last 
Atoms First Eluter Eluter First Eluter Eluter 
*4 1368 1289 1368 1289 
5 12468112479 12389 13468 12389 
6 124679/124689 123467 123468 123489 
7 1234679 1234678 1234678 1234789 
8 1234678F -a- 12346789 --- 

* The following Tetra CDD isomers are added to window Defining Mix to determine isomer specificity: 
1,2,3,4-TCDD, 1,2,3,7-/1,2,3,8-TCDD, 2,3,7,8-TCDD, and 1,2,3,9-TCDD. 

Table 9. 
Isomers of Chlorina@d Dioxfns and Furans as a 

Function of the Number of Chlorine Atoms 

No. of 
Chlorine 

Atoms 

; 

: 

5 6 
ii 

Total 

No. of 
Dioxin 

Isomers 

:o 

:; 

:;f 
2 1 

75 

No. of 
%3,7,8 

Isomers 

mm- e-w 

--- 

: 3 
: 

7 

No. of 
Furan 

Isomers 

4 

;: 

“2: 16 
4 1 

‘I 35 

No. of 
&33,7,8 

Isomers 

-- --- 

--- 1 

: 
-mm 2 

1i-l 

,. 
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Table 10. 
GC Retention Time Window Defining Mixtures 

and Isomer Spscificfty Test Mixtures 

Congener First Eluted Last Eluted 

DB-5 Column GC Retention Time Window Defining Standard 
TCDF .................................................. 1 , 3 , 6 , 8-. .......................................... 1,2,8,9- 
TCDD ................................................. 1,3,6,8-. ..................... . .................... 1,2,8,9- 
PeCDF.. ........................................... 1 3 4 6 9 , , , 8-. ..................... ................. 1 2 3 8 , , , , 9- 
PeCDD ............................................ 12479- 9 7 , , ........................................ 12389- 9 9 , , 
HxXCDF ..................................... 1,2,3,4,6,8-. .................................... 1,2,3,4,8,9- 
HxCDD ........................................ 1,2,4,6,7,9-. .................................... 1,2,3,4,6,7- 
HpCDF ..................................... 1,2,3,4,6,7,8- ................................. 1,2,3,4,7,8,9- 
HpCDD ..................................... 1,2,3,4,6,7,9-. ...................... ......... 1,2,3 4 6 7 , , , , 8- 

DB-5 TCDD Isomer Specificity Test Standard 
. . . . . . . . . . . . . . . . . . . ..~........................... 1,2,3,4-TCDD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1,2,3,7-TCDD 
. . . . . . . . . . . . . . . . . . . . . . . . . . ..I.................... 1,2,7,8-TCDD . . . . . . . . . . . . . . . . . . . . ..a....... 1,2,3,8-TCDD 
. . . . . . . . . . . . . . . . . . . . . . . . . . ..~.................... 1,4,7,8-TCDD . . . . . . . . . . . . . . . . . . . . ..a....... 2,3,7,8-TCDD - 

DB-225 Column TCDF Isomer Specificity Test Standard 
................................................... 2,3,4,7-TCDF 
.................................................. 2,3,7,8-TCDF 
......................... ......................... 1,2,3,9-TCDF 
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FIGURE 1. 
Flow Chart for Sample Extraction and CYeanup 
as Used for the Analysis of PCDDs and PCDFs 

in Complex Waste Samples 

Complex 
Waste 
Sample 

(1) Add Internal Standards 
(2)Perform matrix-specific: extraction. 

+ 
I I 

Sample 
Extract 

(1) Wash with cont. H$O, 
(2) Wash with 5% NaCl 
(3) Wash with 20% KOH 
(4) Wash with 5% NaCl 
(5)Dry extract 
(6)Solvent exchange 
(7)Silica Gel column 
(8)Alumina column 
(9) Added cleanup standard 

60% CH, CIJhexane 
fraction 

I I 
I ,. 

! (1)Concentrate eluate 
(2) Perform carbon column cleanup. 
(3)Addrecoverystandards. 

Analyze by GUMS 
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Figure 2. 
General Structures of PCDD and PCDF 

4 6 
Polychlorinateddibenzo-p-dioxin(PCDD) 

wherex+yl8 

Polychlorinateddibenzofkan(PCDF) 
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Figure 3. Manual Dafermfnation of S/N 

s 117 -2 - = 19.5 
N 6 

The peak height (S) is measured between the mean noise (lines C and DO. 
These mean signal values are obtained by tracing the line betwen the baseline 
average moise extremes, El and E2, and between the apex average noise 
extremes, E3 and E4, at the apex of the signal. 

NOTE: It is imperative that the instrument inteflace amplifier electronic zero 
ofpset be set high enough so that negative going baseline noke is recorded. 
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Rgure 4. Wlndow Define and Column 
Performance Resolutfon Checla 

SP-233 I Column: DB-5: 
2,3,7,8- TCDF and 2,3,7,8-TCDD and 

other closely eluting isomers. other closely eluting isomers. 
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Figure 5. Sample Data Summary Top Sheet (Analyte Concentrdon) 

MTB/swL OK lo-Nov-1994 Pago 1 
USEPA - ITD Pug0 6 of I 

Form 1A CLIENT ID. 
-9CDDfPCDP ANALYSIS DATA SHEEl' 

Use Cor Sample and Blank Results 94HPSD02SD 

Lab Name: Southwest Lab. of Oklahoma Episode No.: 20483 

Client Name: SWL Lab Sample ID: 20483.04 

Matrix (aqu~us,'solid/loachato): solid Sample Wt/Vol: 10 g or lr&: g 

Sample Receipt Date: U-02-94 Initial Calibration Date: 09-15-94 

Ext. Date: 11-03-94 Instrument ID: AutoSpec 

Analysis Date: 8-NUV-94 Time: 16:12:32 CC Column ID: DB-5 

Extract Volume (ut): 20 Sample Data Filename: A100546#1 

Injection Volume (uL): 1.00 Blank Data Filename: A100544#1 

Dilution Factor: 1 Cal. Ver. Data Filename: A100543#1 

Concentration Units @g/L or rig/Kg dry weight): ng/Kg 8 Solids: 62.88 

CONCENTRATION DEl!ECTION EMPC ION ABUND. RRT 
ANAWTE LIMIT RATIO (1) (1) 

2,3.7.%-XDD * 2.018 ' t . 

1,2,3,7,8-PeCDD * 1.496 * * t 

1,2,3.4,7,8-S~~CUD * 0.706 * . l 

1,2,3,6,7,MIxCM3 l 0.440 l 
* c 

1,2,3,7.8,9-HxCDD . 0.443 * t l 

1,2.3.4,6,7,8-HpCL'D 0.666 1.181 0.55 1.000 
OCDD 8.065 0.410 - 0.88 1.000 
2,3,7,a-TCDF . 1.023 * t l 

1,2,3,7,bPeCDF t 0.435 l 
l * 

2,3,4,7,0-PeCDF l 0.412 * t . 

1,2,3,4,7,bHxCW l 0.396 * l t 

1,2,3,6,7,8-HxCDP 0.251 0.423 1.03 1.004 
1.2.3.7,8,9-HxCDF 0.340 0.612 2.35 1.047 
2,3,4,6,7,8-WXCDF t 0.336 l l l 

1,2,3,4,6,7,&HpCW 0.875 ,_ 0.306 - 1.13 1.000 
1.2,3,4,7,8,9-HpCCB l 0.367 l 

l t 

OCDF 0.609 1.038 1.37 1.002 

Total Tetra-Dioxins * 2.018 
Total Penta-Dioxins l 

1.496 

Total Hexa-Dioxins t 0.505 
Total Hepts-Dioxins + 0.666 
Total Tetre-Furans c 1.023 
Total Penta-Furam l 0.424 
Total Hexa-F'urans l 0.322 
Total Hepta-Furans 10.258 0.334 

(1) Reference Attributions for IWTs and ion abundance ratios are specified 
in Tables 11 and 8, respectively, Method 8290 8290Fl 

Page 33 of 36 



STANDARD OPERATING PROCEDURE FOR THE DEETERMINATION OF 
POLYCHLORINATED DIBENZO-P-DIOXINS AND DIBENZOFURANS (BY HIGH RES MASS SPEC) REV 1.3 - s/19/95 

Flgurc 6. Sample Data Summary Top Sheet (OAIOC Summ#wyJ 

AATWSWL OK lo-Nov-1994 Page 1 

USRPA - ITD 

FORM2 CLIENT ID. 
PCDD/PCDFLANXLXDCOMPODNDAND 

CLxntmPSTANDAXD RECOVERIBS 94HPSD02SD 

I Lab Name: Southwest Lab. of Oklahama Episode No.: 20483 I 
Client Name: SNL Lab Saqle ID: 20483.04 

Matrix (aqueous/solid/lea&ate) : solid Sample wt/vo1: 1.0 gorlnL: g 

Sample Receipt Date: 11-02-94 Initial Calibration Date: 09-15-94 

Ext. Date: 11-03-94 Instrument ID: AutoSpsc 

Analysis Date: 8-WOV-94 Time: 16:12:32 OC Column ID: 08-5 

Extract Volume (ut): 20 Sample Data Filename: A100546Wl 

Injection Volume (uL): 1.00 Blank Data Filonw: A100544Cl 

Dilution Factor: 1 Cal. Var. Data Filename: A100543#1 

Concentration Units (pg/L or ng/Kg dry weight): ng/Xg 0 Solids: 62.88 

ION 
SPIKE CoNcmr. RECOV . ABUND. RRT 
CONC . FOUND Z RATIO (2) (2) 

LABELED coMeouNDs 

13C-2,3,7,8-TCDD 2000 842.17 42.11 0.76 1.041 
13C-1,2,3,7,84?eCDD 2000 892.10 44.60 1.59 1.349 
13C-1,2,3,6,7,8-K 2000 1247.65 62.38 1.23 0.991 
13C-1,2,3,4,6,7,8+pCDD 2000 1401.30 70.06 1.06 1.082 
13C-CCDD 4000 2498.03 62.45 0.88 1.159 

13C-2,3,7,8-'PDF 2000 922.81 46.14 0.82 t 

13C-1,2,3,7,8-PsCDF 2000 941.94 47.10 1.56 1.272 
13C-1,2,3,4.7.8-NxCDF 2000 1407.29 70.36 0.52 0.961 
13C-1,2,3,4,6.'7,8-HpCDF 2000 1136.54 56.83 0.42 1.054 

CLFWWP STANDARD 

.. 37Cl-2.3,7,8-TCDD 800 742.98 92.87 1.042 

(1) Contract-required limits for percent recovery are QOI-135% 
(section 8.4, Method 8290). 

(2) Contract-required Reference Attributions for RRTs and ion abundance ratios are 
specified in Tables 11 and 8, raegectively, Method 8290. 

NOTX: There is no ion abundance ratio for 37C14-2378-TCDD (cleanup standard). 

829082 
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Ffgure 7. Response “Raw Data” 

MTWSWL OK lo-NW-1994 Pago 1 

Southwoat Labratory of Oklahama, Inc. Page 6 of 7 
Sample Remponso Sumnary EPA SAMPLE NO. 

94HPSDOZSD 

Run 1)ll Filename A100546#1 samp: 1 Inj: 1 Acquired: 8-NOV-94 16:12:32 
Processed: S-Nov-94 17:57:52 C-nts: 20483.04 

WP Wamo RT Roop 1 Romp 2 Ratio Meet 
1 Unk 2,3,7,8-TCDFINotFnd 1 + I *I *I no 
2 Unk 1,2,3,7,8-PaCDFINotFnd I l I *I *I no 

3 Unk 2,3,4,7,8-PeCDFINotFnd I l I *I *I no 

4 Unk 1,2,3,4,7,8-KxCDFINotFnd L l I *I *I no 
5 Unk 1,2,3,6,7,8-HxCDF136:37 I 2.7030+04 I 2.636e+04 1 1.031 no 
6 Unk 2,3,4,6,7,8-HxCDFINotFnd 1 *I ‘1 l I no 
7 Unk 1,2,3,7,8,9-HxCDFl38rlO I 4.0040+04 I 1.704.+04 I 2.351 
8 Unk 
9 Unk 

1.2.3,4.6,7,8-HpCDFl39r59 1 3.9408+04 I 3.495e+04 I 1.131 yiz 
1,2,3,4.7,8,9-HpCDFINotPnd I * I *I *l no 

LO Unk OCDFl44:04 I 4.946e+04 I 3,603e+04 I 1.371 no 
11 Unk 2,3,7,8-‘I’CDDlNootFnd I 'I * I "I no 
12 Unk 1,2,3,7,8-PeCDDINotFnd I *I *l "I no 
13 Unk 1,2,3,4,7,8-HxCDDINotFnd 1 *I * I *I no 
14 Unk 1,2,3,6,7,8+xCDDINotFnd I *I l I *I n0 
15 Unk 1,2,3,7,8,9-HxCDDINotFnd I l I l 1 *I no 
16 Unk 1,2,3,4,6,7,8+pCDD141:03 I 2.6560+04 I 4.841e+04 t 0.551 
17 Unk OCDD143:58 I 2.408e+OS I 2.749.+05 I 0.881 ytz 

18 IS 
t9 IS 

13C-2,3.7.8-TCDFl24:25 I 1.2700+07 I 1.5400+07 I 0.821 ye, 
13C-1,2,3,7,8-PeCDF131:04 I 1.602e+07 

10 IS 13C-1,2,3,4,7,8-HxCDF136:27 I 7.167e+06 
1 1.0240+07 1 1.561 yea 

11 IS 13C-1,2,3,4,6,7,8-iipCDF139x59 
I 1.390.+07 I 0.521 yes 

12 IS 
I 5.752@+06 I 1.354r+07 I 0.421 yes 

13 IS 
13C-2,3.7,8-TCDD125:24 I 6.5130+06 I 8.579e+06 I 0.761 yes 

13C-1,2,3,7,&PeCDDl32:56 I 8.938s+O6 
14 IS 13C-1,2,3,6,7,8+fxCDDl37:34 I 1.3490+07 

I 5.617e+06 I 1.591 yes 

15 IS 13C-1,2,3,4,6,7,8-HpCDDI41:02 I l.O70e+07 
I 1.092e+07 I 1.231 yes 

L6 IS 
I l.O09e+07 I 1.061 yes 

13C-OCDDl43:58 I 1.603e+07 I 1.812e+07 I 0.881 yes 

27 RS 13C-1,2,3,4-TCDD125:08 I 1.659e+07 
28 RS 13C-1,2,3,7,8,9-HxCDD137:55 I 2.133e+07 

I 2.1020+07 I 0.791 yes 

29 c/vp 37Cl-2,3,7,8-TCDDl25:26 I 
I 1.693e+07 I 1.261 yes 

1.384e+07 
SW AREa 

30 Tot Total Tetra-hrranslNotFnd I l I 'I no 
31 Tot Total Tetra-DioxinsINotFnd I l I ‘I no 
32 Tot. Total Penta-FuransINoIzFnd I l I *I no 
33 Tot: Total Psnta-DioxinrINotFnd 

I 
* I *I no 

34 Tot. Total Hexa-mransINotzFnd *I *l no 
35 Tot Tota: Hexa-Dioxin6 INotFnd 1 l I +I 
36 Tot Total Hepta-firans I39 : 59 I 8.0530+05 
37 Tot Total Hepta-DioxinsINotFnd 

I 1.131 y:: 
I l I *I no 

Southwest Laboratory of Oklahoma, Inc. 
1700 West Albany 
Broken Arrow, OK 74012 
3ffice(918l251-2BSS. Fax(9181251-2599 
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Figure 8. Response “Raw Data” 

hATS/BWL OK lo-Nov-1994 Page 1 

Page 7 of 16 
Southwort laboratory of Oklahoma, Inc. 

Peak List summy CLIENT ID. 

94HPSDOZSD 
Entry: 36 Totals Name: Total Hepta-Furans 

%un: 11 Pile: A10054641 Sample:1 Injoction:l Function:4 

4cquiradr 8-NV-94 16:12:32 Procesnedr 8-Nov-94 17:57:52 

4ass:407.782 409.779 Response: 
b RT RCWp Resp Ratio Moot Tot Resp Cont. Nam 

1 39:59 3.940+04 3.490+04 1.13 yea 7.43e+04 0.875 1,2,3,4,6,7,8-R~CDF 
2 40:25 3.88e+05 3.430+05 1.13 yem 7.310+05 9.384 

jouthwmot Laboratory of Oklahoma, Inc. 
1700 West Albany 
Broken Arrow, OK 74012 
)ffics(918)251-2858. Fax(918)251-2599 
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SOUTHWEST LABORATORY OF OKJAHOMA, INC. lNO90 
STANDARD OPINWING PROCEDURE FOR 
Cm OXYGEN DEMAJW (cou) RQeRTRIc WITH HAcIi TIJR~ID-HIcII LEvF.1.) REV 1.1 - 3/2/93 

I. SCOPE AND APPLICATION 
1.1 This method covers the determination of COD in surface waters, domestic and 

industrial wastes. 
1.2 The applicable range of this method is lo- 1500 ppm, samples above 1500 ppm may 

be diluted, then run using same standard curve. 

II. SUMMARY OF METHOD 
2.1 Sample, blanks and standards in sealed I-I&h tubes are heated in a block digestor at 

15WC for a minimum of two hours. After heating period, the tubes are removed from 
the digestor, cooled and measured spectrophotometrically at 6OOnm. 

111. SAMPLE NANDUNG AND PRESERVATION 
3.1 Collect the samples in glass bottles if possible. Use of plastic containers is permissible 

if it is known that no organic contaminants are present in the containers. 
3.2 Samples should be preserved with sulfuric acid to a pH ~2 and maintained at 4OC until 

analysis. 
3.3 Holding Tie: 28 days from collection, if preserved. Non-preserved samples should 

be run as soon as possible from collection date. 

IV. INTERFERENCES 
4.1 Chlorides are quantitatively oxidized by dichromate and represent a positive 

interference. Mercuric sulfate has been added to the Hach tubes to complex the 
chlorides. 

v. APPARATUS 
5.1 Block digestor, 15WC. 
5.2 Hach COD tubes 0- 1500 ppm. 
5.3 5.Oml x l/10 Disposable Serological pipets. 
5.4 Spectrophotometer. 

VI. REAGENTS ,. 
6.1 Hach COD tubes O-1500 ppm. 
6.2 Bach tube (o-1500 ppm) contains: 

l H$O, 98% concentration 
l Mercuric sulfate 
l Chromic acid 
. 43,sO, 
l DI water 

VII. STANDARDS 
7.1 Stock potassium acid phthalate (KlW): Dissolve 1.7OOg of dried (2 hours at 12oOC) 

KHP in 800 mls of distilled water and dilute to 1 liter. lml - 2mg of COD; 
2OOOmg/l COD. 

Page 1 of 2 



SOUTHWEST LABORATORY OF OKLAHOMA, INC. IN090 
STANDARD 0PEiUTlNG hGCEDUIlE MR 
thEMlC.U oXVGRJ’4 hIMAND (COIARURETRI C WITH HACH TUBEID-tilG&i LEVEL) R&w I.1 -3m93 

7.1.1 Preparesixstandardsolutions,i.e., 10,50,100,500,1000,1500mg(lbydiluting 
appropriate volumes of stock standard. 

7.1.2 Analyze DI water as a reagent blank with standard curve. 

WI. PROCEDURE 
8.1 
8.2 
8.3 

8.4 
8.5 

8.6 
8.7 
8.8 

8.9 

Turn on both block digestor and spectrophotometer, set wavelength to 60Onr~~ 
Mix both unknowns and standards by inversion. 
Add with 5.0 ml disposable serological pipet 2.0 mls of sample to each tube. U&same 
volume for both standards and unknowns. 
Use 100 ppm standard as a blank spike (ICV) with e;ach run of unknowx~~ 
Use DI water for a reagent blank with each run of unknowns to set zero absorbance 
on spectrophotometer. 
Cap tightly and mix tubes by inversion to blend both phases. 
Place tubes in block digestor at 150°C 2 5OC for two hours. 
Remove tubes from digestor, place in Nalgene rack, and allow to cool for 10 minutes. 
Mix each tube by inversion twice and allow any precipitate to settle and for tubes to 
reach room temperature, about 20 minutes. 
Measure intensity in spectrophotometer at 6OOnm, making sure that the Hach label on 
the tubes faces to the right in the spectrophotometer. 

IX. CALCULATION 
9.1 Prepare a standard curve by plotting absorbance against known concentrations of 

Standards. 
9.2 Compute concentration of unknowns by comparing sample response to standard 

curve. 

X. QUALI-IY CONTROL (ICV’S) 
10.1 Your ICV should be 2 10%. If outside your control limits, report ICV and unknowns 

using fresh standards. 
10.2 Standard KHP kept in the refrigerator should be good for 4 months or until discoloration 

appears. 
10.3Every new lot number of tubes-must have a new standard curve. 

XL PRECISION AND ACCURACY 
11.1 Duplicates should be run every 10 samples and data recorded in QAJQC book 
11.2 Matrix spikes should be done with stock KHP every 10 samples and data recorded in 

QNQC book. 
11.3 If duplicates or matrix spikes are outside control limits see your supervisor. 

BIBLIOGRAPHY 
1. US EPA: Methods for Chemical Analysis of Waters and Wastes. 
2. Standard Methods for the Examination of Water and Wastewater, 16th Addition 
3. Hach: Water Analysis Handbook 
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SOUTHWESTLABORATORYOFOKLAHOMA,INC. IN270 
STANDARD OPERATING PROCEDURE FOR 
TOTAL DISSOLVED SOLIDS REV 1.0 -S/20-92 

I. Scope and Application 

1. This method is applicable to drinking, surface and saline ‘waters, domestic and industrial 
wastes. 

2. The practical range of determination is 1 mg/l to 20,000 mg/l. 

II. Summary of Method 
1. A well-mixed sample is filtered through a standard glass fiber filter. The filtrate is 

evaporated and dried to constant weight at 180”. 
2. If total suspended solids is being determined, the filtrate from that method may be used for 

total dissolved solids. 

III. Sample Handling and Preservation 
1. Preservation of the sample is not practical; analysis should begin as soon as possible. 

Refrigeration at 4” helps minimize microbiological decomposition of solids. 
2. Holding time is 7 days from sample collection. 

IV. Interferences 
1. Highly mineralized waters containing significant concentrations of calcium, magnesium, 

chloride and/or sulfate may be hygroscopic and will require prolonged drying, desiccation 
and rapid weighing. 

2. Samples containing high concentrations of bicarbonate will require careful and possibly 
prolonged drying at 180” to insure that all the bicarbonate is converted to carbonate. 

3. Too much residue in the evaporating dish will crust over and entrap water that will not be 
driven off during drying. Total residue should be limited to about 200 mg. 

V. Apparatus 
1. Glass fiber filter discs, 2.1 cm 
2. Gooch crucible adapter 
3. Vacuum flask, 500ml 
4. Gooch crucibles, 2.5 ml 
5. Evaporating dishes, porcelain, 100 ml volume 
6. Hot plate 
7. Drying oven, 1800” of: 2°C 
8. Desiccator 
9. Analytical balance, Metler, model # H8 

VI. Procedure 
1. Preparation of ghzssfiberfilter disc: Place the disc, on the bott:om of a Gooch crucible. While 

vacuum is applied, wash the disc with three successive 20 ml volumes of distilled water. 
Remove all traces of water by continuing to apply vacuum. Discard washings. 

2. Preparation ofevuporuting dishes: Heat the clean dish to 180” + 2” for one hour. Cool in 
desiccator and store until needed. Weigh immediately before use. 

Page 1 of2 



S~~TJJWE~TLABORAT~RYOFOKLAHOMA,INC. IN270 
STANDARD OPERATING PROCEDURE FOR 
TOTAL DISSOLVED SOLIDS REV 1.0 -5120-92 

3. 

4. 

5. 
6. 

Assemble the filtering apparatus and begin suction. Sh,ake the sample vigorously and 
rapidly transfer IOOml to the funnel by means of a 100 ml graduated cylinders. 
Filter the sample through the glass fiber filter. Rinse the cylinder and Gooch crucible with 
three 10 ml portions of distilled water and continue to apply vacuum for about 3 minutes 
after filtration is complete to remove as much water as possible. 
Transfer the filtrate to a weighed evaporating dish and evaporate to dryness on a hot plate. 
Transfer the evaporating dish to the drying oven and heat for at least one hour at 180” + 
2O. cool in a d.esiccator and weigh. Repeat the drying cycle until a constant weight is 
obtained or until weight loss is less than 0.5 mg. 

VII. Calculation 

1. Calculate filterable residue as follows: 

TDS, mg/L = 
/A-B) X 1000 

C 

Where: A = weight of dried residue + dish in mg. 
B = weight of dish in mg 
C = volume of sample used in ml 

Page2of2 
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SOUTHWEST LABORATORY OF OKLAHOMA, INC. 
STANDARD OPERATING PRocEDuRe FOR THE ANALYSIS OF 
ANIONS IN WATER BY ION CHROMATOGRAPHY Rlw 1.0 -l/W93 

I. SUMMARY 

A. Anaiytes: Bromide, Chloride, Fluoride, Nitrate, Nitrite, Orthophosphate, Sulfate. 

B. Matrix: This method is applicable to the determination of the above anions in 
drinking water, surface water,mixeddomesticandindustrial waste waters, groundwater, 
and reagent water. 

C. General Method: A 1 to 2 ml volume of sample is introduced into the ion 
chromatograph. The anions of interest are separated and measured, using a system 
comprised of a guard column, separator column, suppressor device, and conductivity 
detector. 

I I. APPLICATION 

A. Calibration Range: 

Bromide ................... 0 - 500 ug/l 
Chloride ................... 0 - 500 ug/l 
Fluoride ................... 0 - 200 u&l 
Nitrate ..................... 0 - 100 ug(1 
Nitrite ...................... 0 - 100 ug/l 
Orthophosphate ...... . - 200 ug/l 
Sulfate ..................... 0 - 500 ug/l 

B. Tested Concentration Range: 

Bromide ............... .25 - 500 ug/l in water 
Chloride ............... .25 - 500 ug/l in water 
Fluoride ................ 10 - 200 ugjl in water 
Nitrate .................... .5 - 100 ug/l in water 
Nitrite ............. . ........ .5 - 100 ug/l in water 
Orthophosphate ... .10 - 200 ug/l in water 
Sulfate ................... .25 - 500 ug;ll in water 

C. Sensitivity 

Bromide .......... . ........ A 50 ug/l standard gives an approximate peak height of 17895. 
Chloride .......... ........ A 50 ugjl standard gives an approximate peak height of 67000. 
Fluoride .................. A 20 ugll standard gives an approximate peak height of 37500. 
Nitrate ..................... A 10 ug/l standard gives an approlximate peak height of 5262. 
Nitrite ....................... A 10 ug/l standard gives an approximate peak height of 7210. 
Orthophosphate ...... A 20 ug/l standard gives an approximate peak height of 2452. 
Sulfate ................ . ..... A 50 ug,Il standard gives an appro:ximate peak height of 12948. 

Page 1 of 6 



SOUTHWEST LABORATORY OF OKLAHOMA, INC. 
STANDARD OPERATING PROCEDURE FOR THE ANALYSIS OF 
~ONSmWATERBYIONC~OMAMCRAPHY REV 1.0 -l/lu93 

D. Interferences 

1. Interferences can be caused by substances with retention times that are similar to 
andoverlap those of the anionof interest. Large amounts of ananioncaninterfere 
with the peak resolution of an adjacent anion. Sample dilution and/or spiking can 
be used to solve most interference problems. 

2. Method interferences may be caused by contaminants in the reagent water, 
reagents, glassware, and other sample processing apparatus that leads to discrete 
artifacts or elevated baselines. 

3. Samples that contain particles larger than 0.45 microns and reagent solutions that 
contain particles larger than 0.20 microns require filtration to prevent damage to 
instrument columns and flow systems. 

E. Safety Information 

1. Normal, accepted laboratory safety procedures should be followed during reagent 
preparation and instrument operation. No known carcinogenic materials are used 
in this method. 

III. APPARATUS AND CHEMICALS 

A. Instrumentation 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

Dionex- 100X ion chromatograph withrequired accessories including autosampler, 
analytical columns, compressed gases, and detectors. 

Anion guard column: Dionex Ion Pat AG4A-SC 

Anion separator column: Dionex Ion Pat AS4A,-SC 

Anion suppressor device: Dionex Anion Micro-IMembrane Suppressor 

Detector: Dionex Conductivity Cell 

Dionex AC1 interface 

Dionex AI-450 software 

Analytes 

Bromide: .............. Ion of Bromine, CAS No. 7726-95-6 
Chloride: .............. Ion of Chlorine, CAS No. 7782-50-5 
Pluoride: ...... ., ...... Ion of Fluorine, CAS No. 7782-41-4 
Nitrate. ........... . ...... An intermediate oxidation state of nitrogen. 
Nitrite. ................. An intermediate oxidation state of nitrogen. 
Ortbophosphate: . Inorganic form of phosphorus. 
Sulfate. .................. Naturally occurring ion widely distributed in water. 

Page2of6 



SOUTHWEST LABORATORY OF OKLAHOMA,~NC. 
STANDARD OPERATUUG hOCEDURE FOR THE ANALYSIS OF 
hONS l7’J WATER BY ION CHROMATOGRAPHY REV 1.0 -l/l l/93 

C. Reagents and SARMS 

1. Reagent Water: Deionized water, free of the anions of interest. The water must 
be ftitered through a 0.2 micron filter. 

2. Eluent Solution: Sodium bicarbonate 1.7 mm, sodium carbonate 1.8 mm. 
Dissolve 0.2856 g sodium bicarbonate (NaHC03) and 0.3816 g of sodium 
carbonate (Na&03> in reagent water and dilute to 2 liters. 

3. Regeneration solution: 
liters with reagent water. 

Sulfuric acid, 0.025 N. Dilute 2.8 ml cont. H$O, to 4 

4. Stock standard solutions, 1000 mg/l: Stock standard solutions are purchased 
form Spex Industries. Please see attached certificate of analysis. 

IV. PRECERTIFICATION CALIBRATION 

A. Preparation of Standards 

1. Intermediate Stock Standard (10 mg/l): For all anions add 1.0 ml of stock 
standard to a 100 ml volumetric flask Dilute to 100 ml with reagent water. Make 
fresh weekly. 

2. Table I lists the preparation of the high calibration standard (10x TRL), which is 
prepared from the dilution of the intermediate stock standards. All remaining 
standards are made from dilutions of the high calibration standard. All standards 
are made using volumetric pipettes and volumetric flasks. All standards are 
brought to final volume using reagent water and are made fresh daily. Tables II 
through V list the preparation of the remaining calibration standards. 

TABLE I. TABLE II. TABLE 111. 

PREPARATION OF HIGH PREPARATION OF 5X TRL PREPARATION OF 2X TRL 
CALIBRA;lOxNTSRTpNDARD CALIBRATION STANDARD CALIBRATION STANDARD 

I 1 
mb of 
10 mg/l Fihual 

lnt.Stock Cone. 
Anion /1oomr (u&J 
Bromrde . . . . . . . . . . . . . . . 5.0 . . . . 500 
Chloride .............. ,5.0 .... 500 
Fluoride .............. .2.0.. .. 200 
Nitrate.. ................ 1.0.. .. 100 
Nitrite .................. 1.0.. .. 100 
Orthophosphate .. .2.0.. .. 200 
Sulfate ................ .s.o.. .. 500 

mln of Final 
1oxTRL cont. 

AdOD 
bromtde 

par lOOmI (urrJI1 
. . . . . . . . . . . . . . . 50 . . . . 250 

Chloride . . . . . . . . . . . . . . . 50 . . . . 250 
Fluoride.. . . . . . . . . . . . . . . 50 . . . . 100 
Nitrate . . . . . . . . . . . . . . . . . . 50 . . . . . . 50 
Nitrite . . . . . . . . . . . . . . . . . . . 50 . . . . . . 50 
Orthophosphate . . . . 50 . . . . 100 
Sulfate . . . . . . . . . . . . . . . . . . 50 . . . . 250 

d80e Final 
10x TRL Cone 

Anion per loom1 (ug/p 
Brormde . . . . . . . . . . . . . . . . 20 ,. . . 100 
Chloride . . . . . . . . . m . . . . . . 20 ,... 100 
Pluoride . . . . . . . . . I . . . . . . 20 . . . . . . 40 
Nitrate rn................. 20 . . . . . . 20 
Nitrite . . . . . . . . . . . . . . . . . . . 20 . . . . . . 20 
Orthophosphate . . . . 20 . . . . . . 40 
Sulfate . . . . . . . . . . . . . . . . . . 20 . . . . 100 

Page 3 of 6 



SOUTHWEST LABORATORY OF OKLAHOMA, INC. 

REV 1.0 -l/11/93 

TABLE IV. TABLE V. 

PREPARATION OF 1X TRL PREPARATION OF 0.5X TRL 
CALIBRATION STANDARD _ CALIBRATION STANDARD 

B. Instrument Calibration 

1. 

2. 

3. 

4. 

5. 

6. 

Start the pump by pressing the pump start button. Gradually increase flow to 2.0 
mljmin by increments of 0.5 until ready light comes on. 

Start regeneration flow. 

Turn on the conductivity cell and set attenuator range to 1K us. 

Wait for system to stabilize, generally 15 - 30 minutes. 

After stabilization, set baseline, then inject 1 .O ml of mid-range standard. 

Using the retention times from this standard, bui1.d your calibration table entering 
the concentrations for each standard. 

7. Using injections of 1.0 ml of each calibration standard, tabulate peak height 
against the concentration. I. 

mL0e Final 
10x TRL Cone:. 

Anion 
Bromide 

per lOOmI (ug/Q 
. . . . . . . . . . . . . . 1 .O . . . . . . 50 

Chloride . . . . . . . . . . . . . . 1 .O . . . . . . 50 
Fluoride . . . . . . . . . . . . . . . 1 .O . . . . . . 20 
Nitrate . . . . . . . . . . . . . . . . . 1.0 . . . . . . 10 
Nitrite . . . . . . . . . . . . . . . . . . 1.0 . . . . . . 10 
Orthophosphate . . . 1 .O . . . . . .20 
Sulfate . . . . . . . . . . . . . . . . . 1.0 ., . . . . 50 

C. Analysis of Calibration Data 

1. 

2. 

3. 

mls0e md 
1OxTRL Cont. 

Anion per1OOml (u 
Bromxde . . . . . . . . . . . . . . . 0.5 . . . . . . 2 
Chloride . . . . . . . . . . . . . . . 0.5 . . . . . . 25 
Fluoride . . . . . . . . . . . . . . . 0.5 . . . . . . 10 
Nitrate . . . . . . . . . . . . . . . . . 0.5 . . . . . . . . 5 
Nitrite . . . . . . . . . . . . . . . . . . 0.5 . . . . . . . . 5 
Orthophosphate . . . 0.5 . . . . . . 10 
Sulfate . . . . . . . . . . . . . . . . . 0.5 . . . . . . 25 

The resulting curve must have a linear regression correlation coefficient greater 
than 0.995. 

Analyze an EPA certified check standard to verify your curve. The result must be 
within the check standard control limits. 

When analyzing samples, the certified check standard must be run twice, once at 
the beginning and once at the end of the day. If results are found to exceed 
acceptability limits, immediate reanalysis of the cheek standard is required. If 
results from the reanalysis still exceed acceptability limits, the system must be 
recalibrated. 
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SOUTHWEST LABORATORY OF OKLAHOMA, INC. 
STANDARD OPERATING PROCEDURE FOR TEE ANALYSIS OF 
hONS IN WATER BY ION &ROMATOGRAPW REV 1.0 -l/W93 

V. PROCEDURE 

A. Sample Preparation 

1. No sample preparation is necessary if autosampler vials with filters are used. If 
manual injection is used, the sample must first be filtered through a 0.2 micron 
filter. 

2. Three spiked standard matrix QC samples shall. be included in each lot. Two 
spiked standard matrix QC samples shall contain all control analytes at a 
concentration near the upper end of the certified range. The third spiked sample 
shall be at approximately 2x CRL. 

B. Chemical Reactions: 

None Known 

C. Instrument Analysis 

1. 

2. 

3. 

4. 

5. 

Set-up and calibrate instrument as specified in section 1V.B. 

Load the autosampler and inject 1.0 ml of samp1.e. Use the same size loop and 
conditions for standards and samples. 

The width of the retention time window used to make identifications should be 
based upon measurements of actual retention time variations of standards. 

If the response for the peak exceeds the working range of the highest standard, 
dilute the sample with an appropriate amount of reagent water and reanalyze. 

Inaddition to the certified checkstandards, a standard at the highest concentration 
must be analyzed after sample analyses are completed. For the fust seven 
calibrations, the response must agree within 10% of the mean response for the 
same concentration, as determined from precertification, and the certification 
Initial Calibration, After seven calibrations, responses must agree within two 
standard deviations. If the response fails the test,,.the daily standard should be 
reanalyzed. If the response from the second analysis fails the test, the system is 
considered to have failed calibration and all samples must be reanalyzed after 
repeating Initial Calibration. 

VI. CALCULATIONS 

A. All results will be taken directly from the ion chromatograph in ug/l. 

B. If results for a analyte are obtained without dilution, the anion concentration in the 
sample will be reported to the significant figures. If dilution was required, the result 
will be reported to only two significant figures. 
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C. The method blank value, if above the CRL, will be subtracted from field sample values 
for the same lot. 

VII. REFERENCES 

A. Rocky Mountain Arsenal, Chemical Quality Assurance Plan, Version 1 .O, July 1989. 

B. US EPA, Methods for Chemical Analysis of Water and Wastes, EPA-600/4-79-020, 
Method 300.01. 

VIII. DATA 

A. Response versus concentration data: see attached. 

B. Response versus concentration graphs: see attached. 

C. LOF tests: see’ attached. 

D. W tests: see attached. 
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I. SUMMARY 

A. Analytes: Bromide, Chloride, Fluoride, Nitrate, Nitrite, Orthophosphate, Sulfate. 

B. Matrix: This method is applicable to the determination of the above anions in soil, 
sludges, and sediments. 

C. General Method: A 1 to 2 ml volume of extracted s’ample is introduced into the ion 
chromatograph. The anions of interest are separated and measured, using a system 
comprised of a guard coltunn, separator column, suppressor device, and conductivity 
detector. 

II. APPLICATION 

A. 

B. 

C. 

Calibration Range: 

Bromide ..................... .o - 5 ug/g 
Chloride ..................... .o - 5 uglg 
Huoride ..................... .o - 2 u&g 
Nitrate .o - ........................ 1 ug/g 
Nitrite .......................... o-1 ug/g 
Orthophosphate ......... .o - 2 ug/g 
Sulfate - ........................ .o 5 ug(g 

Tested Concentration Range: 

Bromide ................. .0.25 - 5 ug/g in soil 
Chloride ........ . ........ .0.25 - 5 ugjg in soil 
Fluoride ........ . ........ .O.lO - 2 ug/g in soil 
Nitrate ..................... .0.5 - 1 ug/g in soil 
Nitrite ........................ 0.5 - 1 ug/g in soil 
Orthophosphate. ... ..O.lO - 2 ugjg in soil 
Sulfate .............. . ...... 0.25 - 5 ugjg in soil . . 
Sensitivity 

Bromide .................. A 0.5 ug/g standard gives an approximate peak height of 17895. 
Chloride .................. A 0.5 uglg standard gives an approximate peak height of 67000. 
Fluoride .................. A 0.2 ug/g standard gives an approximate peak height of 37500. 
Nitrate ..................... A 0.1 ug(g standard gives an approximate peak height of 5262. 
Nitrite ...................... A 0.1 ug/g standard gives an approximate peak height of 7210. 
Orthophosphate ...... A 0.2 ug/g standard gives an approximate peak height of 2452. 
Sulfate ...................... A 0.5 ug/g standard gives an approximate peak height of 12948. 
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D. Interferences 

1. Interferences can be caused by substances with retention times that are s&nils to 
and overlap those of the anion of interest. Large amounts of an tion can%erfere 
with the peak resolution of an adjacent anion. Sample dilution and/or spiking can 
be used to solve most interference problems. 

2. Method interferences may be caused by contaminants in the reagent water, 
reagents, glassware, and other sample processing apparatus that leads to discrete 
artifacts or elevated baselines. 

3. Samples that contain particles larger than 0.45 microns and reagent solutions that 
contain particles larger than 0.20 microns require filtration to prevent damage to 
instrument columns and flow systems. 

E. Safety Information 

1. Normal, accepted laboratory safety procedures should be followed duringreagent 
preparation and instrument operation. No known carcinogenic materials are used 
in this method. 

III. APPARATUSAND CHEMICALS 

A. Instrumentation 

1. Dionex- 100X ion chromatograph withrequired accessories including at&sampler, 
analytical ‘columns, compressed gases, and detectors. 

2. Anion guard column: Dionex Ion Pat AG4A-SC 

3. Anion separator column: Dionex Ion Pat AS4A-SC 

4. Anion suppressor device: Dionex Anion Micro-Membrane Suppressor 

5. Detector: Dionex Conductivity Cell 

6. Dionex AC1 interface 

7. Dionex AI-450 software 

8. Mechanical Shaker 

B. Analytes 

Bromide: . . . . . . . . . . . . . Ion of Bromine, CAS No. 7726-95-6 
Chloride: . . . . . . . . . . . . . Ion of Chlorine, CAS No. 7782-50-5 
Fluoride: . . , . . . . . . . . . . Ion of Fluorine, CAS No. 7782-41-4 
Nitrate: . . . . . . ,.,.. . , . . . An intermediate oxidation state of nitrogen. 
Nitrite: . . . . . . . . , . . . . .,, . An intermediate oxidation state of nitrogen. 
Orthophosphate: . %lorganic form of phosphorus. 
Sulfate* . . . . . . . . . . . . . . . . . Naturally occurring ion widely distributed in water. Page 2 of 6 
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C. Reagents and SARMS 

1. Reagent Water: Deionized water, free of the anions of interest. The water must 
be filtered through a 0.2 micron filter. 

2. Eiuent Solution: Sodium bicarbonate 1.7 mm, sodium carbonate 1.8 mm 
Dissolve 0.2856 g sodium bicarbonate (NaHC03) and 0.3816 g of so&urn 
carbonate (Na.$ZO3 in reagent water and dilute to 2 liters. 

3. Regeneration solution: 
liters with reagent water. 

Sulfuric acid, 0.025 N. IDilute 2.8 ml cont. H$Od to 4 

4. Stock stanabrd solutions, 1000 mg/l: Stock standard solutions are purchased 
form Spex Industries. Please see attached certificate of analysis. 

IV. PRECERTIFICATION CALIBRATION 

A. Preparation of Standards 

1. Intermediate Stock Standard (10 mgjl): For all anions add 1 .O ml of stock 
standard to a 100 ml volumetric flask. Dilute to 100 ml with reagent water. Make 
fresh weekly. 

2. Table I lists the preparation of the high calibration standard (10x TEU), which is 
prepared ,from the dilution of the intermediate stock standards. All remaining 
standards are made from dilutions of the high calibration standard. All standards 
are made using volumetric pipettes and vohunetric flasks. All standards are 
brought to final volume using reagent water and are made fresh daily. Tables II 
through V list the preparation of the remaining calibration standards. 

TABLE I. TABLE II. 

PREPARATION OF HIGH PREPARATION OF 5X TRL 
CALIBRATION STANDARD CALIBRATION STANDARD 

(10X TRL) 1 

rnb of 
10 mg/l Final 

In+Stock Cont. 
ml.9 0P Fid 

10x TRL Cone. 
Anion /lOOml (u@& Anion 
Brormde 

per lOOmi (uJ 

. . . . . . . . 5 Bromide . . . . . . . . . . . . . . . 50 . . . . . 2.9 
Chloride .............. .5.0.. ....... 5 
Fluoride .............. .2.0.. ...... 2 
Nitrate.. ................ 1.0.. ...... 1 
Nitrite .................. 1 .O ........ 1 
Orthophosphate .. .2.0.. ...... 2 
Sulfate ................ .s.o.. ...... 5 

Chloride . . . . . . . . . . . . . . . 50 . . . . . 2.5 
Fluoride . . . . . . . . . . . . . . . . 50 . . . . I 1.0 
Nitrate .,................ 50 . ...” 0.5 
Nitrite . . . . . . . . . . . . . . . . . . . 50 . . . . . 0.5 
Orthophosphate . . . . 50 . ...” 1 .O 
Sulfate . . . . . . . . . . . . . . . . . . 50 . ...” 2.5 

TABLE Ill. 

PREPARATION OF 2X TRL 
CALlSRATION STANDARD 

mla of FiiPl 
10xTRL Cont. 

Anion per lOOmI Cum 
Bromide . . . . . . . . . . . . . . . . 20 , , . . . 1 .O 
Chloride. . . . . . . . . . . . . . . . 20 . . . . . 1.0 
Fluoride . . . . . . . . . * . . . . . . 20 . . . . . 0.4 
Nitrate . . . . . . . . . . . . . . . . . . 20 . . . . . 0.2 
Nitrite *.................. 20 . . . . . 0.2 
Orthophosphate . . . . 20 . . . . . 0.4 
Sulfate . . . . . . . . . . . . . . . . . . 20 . . . . . 1.0 
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TABLE IV. TABLE V. 

PREPARATION OF IX TRL PREPARATION OF 0,5X TRL 
CALIBRATION STANDARD CALW?ATl~ON ST- 

ml!iof Final 
1OxTRL COIN. 

AdOll 

%ronude . . . . . . . . . 
Chloride . . . . . . . . . . . . . . 1.0 . . . . . 0.5 
Fluoride . . . . . . . . . . . . . . . 1.0 . . . . . 0.2 
Nitrate . . . . . . . . . . . . . . . . . 1.0 . . . . . 0.1 
Nitrite . . . . . . . . . . . . . . . . . . 1 .O . . . . . 0.1 
Orthophosphate . . . 1.0 . . . . . 0.2 
Sulfate. . . . . . . . . . . . . . . . . 1.0 . . . . . 0.5 

Chloride . . . . . . . . . . . . . . . 0.5 . . . 0.25 
Fluoride . . . . . . . . . . . ..I. 05 . ..O.lO 
Nitrate . . . . . . . . . . . . . . . . . 0.5 -0.05 
Nitrite . . . . . . . . . . . . . . . . . . 0.5 . ..o.os 
Orthophosphate . . . 0.5 . . . 0.10 
Sulfate . . . . . . . . . . . . . . . . . 0.5 . ..0.25 

B. Instrument Calibration 

1. Start the pump by pressing the pump start button,, Gradually increase flow to 2.0 
ml/min. by increments of 0.5 until ready light comes on. 

2. Start regeneration flow. 

3. Turn on the conductivity cell and set attenuator range to 1K us. 

4. Wait for system to stabilize, generally 15 - 30 minutes. 

5. After stabilization, set baseline, then inject 1.0 ml of mid-range standard. 

6. Using the retention times from this standard, build your calibration table entering 
the concentrations for each standard. 

7. Using injections of 1.0 ml of each calibration standard, tabulate peak height 
against the concentration. . . 

C. Analysis of Calibration Data 

1. The resulting curve must have a linear regression. correlation coefficient greater 
than 0.995. 

2. Analyze an EPA certified check standard to verie your curve. The result must be 
within the check standard control limits. 

3. When analyzing samples, the certified check standard must be run twice, once at 
the beginning and once at the end of the day. If results are found to exceed 
acceptability limits, immediate reanalysis of the check standard is required. If 
results from the reanalysis still exceed acceptability limits, the system must be 
recalibrated.. 
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V. PROCEDURE 

A. Sample Preparation 

1. The following extraction should be used for so,lid mabxials. Add an amount of 
reagent water equal to ten times the weight of dry solidmaterial taken as a san@e. 
The slurry is mixed together for 30 minutes on a mechanical shaker. Filter the 
sample with 0.45 micron filter. Care should be taken to show that good recovery 
and identification of peaks is obtained with the matrix through the use of spikes. 

2. A method blank will be processed with each analytical lot. 

3. Three spiked standard matrix QC samples shall be included in each lot. Two 
spiked standard matrix QC samples shall contain all control analytes at a 
concentration near the upper end of the certified range. The third spiked sample 
shall be at approximately 2x CRL. 

B. Chemical Reactions: 

None Known 

C. Instrument Analysis 

1. Set-up and calibrate instrument as specified in section IV.B. 

2. Load the autosampler and inject 1.0 ml of sample. Use the same size loop and 
conditions for standards and samples. 

3. The width of the retention time window used to make identifications should be 
based upon measurements of actual retention time variations of standards. 

4. If the response for the peak exceeds the working range of the highest standard, 
dilute the sample with an appropriate amount of reagent water and reanalyze. 

5. In addition to the certified check standards, a standard at the highest concentration 
must be analyzed after sample analyses are completed. For the first seven 
calibrations, the response must agree within 10% of the mean response for the 
same concentration, as determined from precertification, and the certification 
Initial Calibration. After seven calibrations, responses must agree within two 
standard deviations. If the response fails the test, the daily standard should be 
reanalyzed. If the response from the second analysis fails the test, the system is 
considered to have failed calibration and all samples must be reanalyzed after 
repeating Initial Calibration. 
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VI. CALCULATION5 

A. All results will be reported as ug/g. To convert ug/l (instrument reading) to u&, 
calculate as follows: 

ug/g-cxv 
W 

where: 
C = Concentration (ug/l). 
V 31 Fii Volume in liters after sample preparation. 
W = Weight in grams of sample used in preparation. 

B. If results for a analyte are obtained without dilution, the anion concentration in the 
sample will be reported to the significant figures. If dilution was required, the rest& 
will be reported to only two significant figures. 

C. The method blank value, if above the CRL, will be subtracted from field sample values 
for the same lot.. 

VII. REFERENCES 

A. Rocky Mountain Arsenal, Chemical Quality Assurance l?lan, Version I .O, July 1989. 

B. US EPA, Methods for Chemical Analysis of Water and Wastes, EPA-600/4-79-020, 
Method 300.0. 

VIII. DATA 

A. Response versus concentration data: see attached. 

B. Response versus concentration graphs: see attached. 

C. LOF tests: see attached. I* 

D. ZI tests: see attached. 
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I. SCOPE AND APPLICATION 

A. This method covers the determination of total alkalinity, carbonate, and bicarbonate in 
drinking, surface, and waste waters. 

B. This method is applicable to concentrations of 20 mg/L. A special procedure Es included for 
determination of alkalinity below 20 mg/L (see Sec. VI1.C). 

II. SUMMARY OF METHOD 

A. This method is based upon titration of the sample with sulfuric acid down to a pH of 4.5 for 
measurement of total alkalinity. For determination of carbonate and bicarbonate contribution 
to total alkalinity, a two-step titration is used; the first endpoint at pH = 8.3, the second at 
PH = 4.5. 

A. Samples must not be preserved and stored at 4°C. Hold time is 14 days from date of sampling. 

A. Oily or soapy samples can coat the pH electrode membrane, thereby retarding measurement, 
or possibly even damaging the probe. Care should be taken tlo clean the electrode thoroughly 
between each sample. A solution of 90% methanol can be used to clean organic compounds 
from the probe. 

V. APPMTUS 

A. pH meter capable of at least two-point pH calibration, such as an Orion model 720 electrometer 

B. Standard double-junction combination pH/reference electrode. 

C. Automatic Temperature Compensation (ATC) probe. 

D. Thermally insulated magnetic stirrer with Teflon-coated stir bar. 

E. 50 ml buret with 0.1 ml graduation. 
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VI. REAGENTS 

A. Sodium Carbonate solution, 0.05 & Dry 3-Sg Na$O, at 250°C for 4h and cod brp a de&c&or. 
Weigh 2SOOg, transfer to a 1L volumetric flask, and dilute to the mark with d&nized water 
to dissolve reagent. Do not store for more than one week. 

B. Standard Sul&ric Aczd, 0.02AJ Weigh 1.02g concentrated sulfuric acid into a IL vol~c 
flask and dilute to the mark with deionized water. Standardize: against 40.00 ml O.o& N Na&tI+ 
with 60.00 ml water in a beaker by titrating potentiometrically to pH = 5. Rinse electrodes. 
into beaker, and then boil on a hot plate for 3-5 min. Remove from heat, CQET with a 
watchglass, and cool to room temperature. Rinse watchglass into beaker, and amGnue titration 
to pH = 4.5. Determine normality as follows: 

Normality = AxB 

where: 
53 x c 

A= g Na,CO, weighed into 1L flask 

B= ml Na,CO, solution taken for titration. 

C= ml acid used 

Record the normality and date standardized on the acidl’s storage receptacle. 

C. Na,C03 spiking solution, 2500 ppm: Weigh 2.500 g sodium carbonate, transfer to a IL 
volumetric flask, and dilute to the mark with water. 

A. For total alkalinity, pour 50 ml of sample into a beaker. Insert pH electrode and wait until 
a stable reading is obtained. Record the pH. Titra!e the sample with 0.02 E sulfuric acid down 
to pH = 4.5. Record the amount of acid used in milliliters. 

B. To determine alkalinity due to carbonate and/or bicarbonate, pour 50 ml of sample into a 
beaker. Insert pH electrode and wait until a stable reading is obtained. Record the PH. Titrate 
the sample with 0.02 & sulfuric acid down to pH = 8.3, and record the amount of acid used. 
Continue the titration to pH = 4.5, and again record milliliters of acid used. 

C. When it is necessary to determine alkalinity values below 20 mg/L, use 100 ml of sample, and 
follow the procedure described in Sec. 7.1, using a 10 ml microburet. Stop the titration in the 
pH range of 4.3-4.7 and record the amount of acid used and the exact pH. Add enough titrant 
to lower the pH exactly 0.30 units and again record the amount used. 
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A. For total alkalinity: 

Alkalinity, mg/L = A x N x 50,000 

ml sample 
where: 

A = ml of standard acid used 

N = normality of standard acid 

B. For bicarbonate and carbonate determination, the calculation described in Sec. VII1.A must 
be done twice: once for the amount of acid used to reach pH 8.3 (the P value), and again fm 
the total amount of acid used to reach pH 4.5 (the T value). In addition, the following 
relationships applq’: 

1. Carbonate alkalinity is present when the P value is not zero, but is less than the total 
alkalinity (the T value). 

2. Bicarbonate alkalinity is present if the P value is less than half the T value. Furthermore, 
if the initial pH of the sample is less than 8.3, the total alkalinity of the sample equals the 
bicarbonate concentration i.e. the alkalinity of the sample is due entirely to bicarbonate. 

The following table summarizes these relationships: 

Result of Titration Carbonate Alkalinity Bicarbonate Alkalinity 

P=O 0 T -- - 
Pc1/2T - 
P= 1/2T 

P>1/2T - - 

2P T-2P 

2P 0 

2(T-P) 0 

,/A 

3. In order to determine the amount of carbonate or bicarbmonate present, find the scenario 
under Result of Titration that applies, and then use ,the values for P and T in the 
corresponding equations from Table I for carbonate and bicarbonate alkalinity. Also note 
that, if total alkalinity (INOlO) is requested in addition to testing for carbonate and 
bicarbonate, then all three quantities can be determined from the same titration. In this 
case, total alkalinity is simply the T value. 
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C. For low level total alkalinity, use the following equation: 

Alkalinity, mg/L = (2B - C) x N x 50,0001 

ml sample 
where: 

B=: ml titrant to first recorded pH 

C- total ml titrant to reach pH 0.3 units lower 

N= normality of standard acid. 

Note that this low level test is only valid for total alkalinity; values below 20 n@L for 
carbonate and bicarbonate must be reported as “nondetect.” 

IX. OUALllY CONTROL 

A. The pH meter must have a two-point calibration run each day the meter is used. 

B. Employ at least one blank per sample batch to detect contamination or slope drift, 

C. An outside check standard (ICV), such as SPEX Minerals Standard, must be run with eyezy 
sample batch. 

D. If requested by the client, a matrix spike can be performed. TJse 2 ml of the spiking standard 
(see Sec. KC) per 50 ml of sample for a spike value of 100 ppm. 

X. SAFETY 

A. Gloves should be worn when dealing with particularly corrosive samples. 

B. Safety glasses must be worn at all times. 

C. A lab coat should be worn during analysis. 
. 

A. Standard Methods for the Examination of Water and Wastewater, 16th Edition, APHA- 
AWWA-WPCF, Method 403, pp. 269-273 
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