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CERTIFICATION STATEMENT

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 perscns 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 imprisonment
for knowing violations.
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RCRA Facility Investigation Phase III
Release Characterization, Ground Water
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Corrective Action Work Plan -
RCRA Facility Investigation Phase III
Release Characterization, Ground Water
Dye Burial Ground, SWMU #02/11, NWSC Crane

1. Task A: RFI Phase 1I1 Work Plan.

a. RFI Phase III Project Management Plan

The Waterways Experiment Station (USAEWES) will perform a RCRA Facility
Investigation (RFI) Phase I1I Release Characterization for Ground Water for the
Naval Weapons Support Center (NWSC) Crane, Indiana at the Dye Burial Grounds
S0lid Waste Management Unit (SWMU), also known as Corrective Action Plan (CAP)
Site Number 02/11 {(Figure 1). This document outlines the objectives of- the RFI,
discusses the technical approach, quality assurance/quality control measures, and
personnel to be usec in the RFI, and provides a schedule of work to be performed.

Objective. The objective of the Phase 111 work is to determine the
rate and extent of migration of hazardous waste or hazardous constituents in the
ground water. Phase II1I work will also further define groundwater flow patterns,

identify affected acguifers at the site, and describe the hydrogeology at the
site.

Technical Approach. Ground water monitoring wells will be installed,
exploratory borings emplaced, and other subsurface investigations conducted to
characterize ground water flow and the extent of contamination. Only two to
four additional wells may be needed because of the large number of wells which
have already been installed in support of the Phase III effort. Site specific
conditions of contaminant distribution, to be evaluated from laboratory analysis
of ground water quality, will determine what techniques will be used to determine
aquifer parameters and the rate of contaminant migration. If pumping tests are
needed to determine aquifer parameters, pumping wells and observation wells will
be installed. Other ortions to be considered for determining aquifer parameters
include falling head (slug) tests or dye tracer tests. At such time pumping or

other tests are deemed necessary, the work plan will be revised and submitted to
the EPA for approval.

Quantitative chemical analysis of ground water from existing and
proposed monitoring wells will be conducted for specific compounds. Geologic and
ground water profiles will be prepared from monitoring well and other data
showing the orientation of the subsurface geologic units. _Piezometric surface
contour maps will be prepared showing direction of flow and lateral extent of
contamination defined by the monitoring wells and the mapped extent of aquifers.

The details of drilling and sampling activities to be conducted during the Phase
111 work are presented below.

Personnel. FPhase III ground-water work will be conducted by WES
personnel, other CE personnel, or other contractors working under WES
supervision. All perscnnel working at the site will be trained in personal
protection and safety and will have had a comprehensive physical examination
within the 12 months preceding their involvement in the field work {(see Health
and Safety Plan, Part f.) An organizational chart of key personnel is presented

1
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in Table 1.

Schedule. The Regional Administrator will approve, modify and approve,
or disapprove and provide comments to the Permittee as to the corrections or
modifications needed for the RFI Phase III Work Plan. Within 30 days after
receiving comments from the Regional Office the Permittee will modify or submit a
new plan for approval. The Work Plan will be initiated within 45 days after it
it has been approved. The results of Phase III ground water work will determine
whether Corrective Measures are necessary. Figure 2 is a time-line for the Phase
III ground water release characterization at the Dye Burial Grounds.

b. RFI Phase [II Sampling and Analysis Plan

(1) Background of Sampling Activities and Objectives of Phase III Sampling.
Sampling of the water in Phase III monitoring wells will be designed to determine
the extent of specified compounds in the ground water of aquifers underlying the
Dye Burial Grounds. Monitoring wells installed in the Phase Il assessment were
placed and screened to sample water in discrete ground water zones that were
isolated from other ground water zones. Screens were placed in the uppermost
zone encountered and in subsequent zones (using cluster wells) down to the
lowermost aquifer determined to be susceptible to water migrating downward from
the surface. Figure 3 shows the approximate location of the Dye Burial Grounds
and the monitoring wells. Figure 4 illustrates typical well installations for
the four aquifers or ground water zones being monitored at the DBG and summarizes
the subsurface sequence of geclogic units.

Ground water sampling and analysis were performed at the DBG for Phase I1I
Release Assessment, Ground Water. The WES Analytical Lab Group (ALG) collected
water in June of 1988 from 23 DBG wells, a seep and a spring and analyzed it for
priority pollutants including metals, volatile organics, base/neutrals, acid
extractables (BNAs), TOC, conductivity, salinity and pH. The compound PCB and
pesticides compounds were not tested for. A report of Phase Il activities and
results is in preparation. Results are summarized briefly here as background
information. Compounds from every group for which analyses were performed were
detected in all four DBG aquifer zones sampled, but not uniformly (compounds
found in one well or aqu1fer were not necessarily detected in another).

Generally, concentrations of analyzed parameters were below drinking water or
other health standards for all but five parameters. Those five parameters above
standard were the metals beryllium, selenium and nickel, the organic compound
chloroform, and sulfate. Wells sampled in the Phase II work were 02-02, 02-04,
02-05, 02C10PZ, 02C10P3, 02Cl11, 02C11P2, 02C11P3, 02C12P3, 02C13, 02C13P2,
02C13P3, 02C14, 01C14P2, 02C14P3, 02Cl1l5, 02C15P2, 02C16, 02C16P2, 02C17, 02C17P2,
02c18, 02c18p2. .

Ground water flow direction and gradient for the DBG are indicated in
Figure 5, in which ground water contours are constructed for August 30, 1988
water levels in the four aquifer zones: the uppermost ("upper") Pennsylvanian
sand, the "middle" Pennsylvanian sand, and the Mississippian Golconda/Haney
limestone and Beech Crezk limestone. The "upper" Pennsylvanian sand is of
limited extent at the DBG and migration of ground water from it is not considered
to be of consequence. Ground water flow in the other three aquifers or zones is
tenerally to the southwest toward the valley of Little Sulphur Creek. Well 02C09
was placed in a thinned section of Golconda/Haney limestone and has consistently
tested "dry". There is some question, therefore, concerning the disposition of
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ground water in the Golconda/Haney to the east and southeast.

Phase III well installations will be designed to confirm that flow in the
aquifers is to the southwest. Figure 6 is a topographic map of the DBG study
area and shows the surface drainage, including Little Sulphur Creek, the dye
burial area, the existing monitoring wells, and two well clusters planned for the
Phase III work (the black triangles). The northernmost (02C21) of the planned
Phase III well borings will be advanced to the Golconda/Haney. Water producing
zones encountered will be screened. The southern well cluster (02C22) will set
wells in the Golconda/Haney if it produces water and in the Beech Creek aquifer
below. Another Beech Creek well (03C34) was installed previously for the
Ammunition Burning Ground work approximately one-half mile southeast of proposed
02C22 adjacent to the road. The two to three well clusters that will be in place
east and southeast of the DBG should effectively monitor ground water movmment
and any contaminant presence south and east of the site.

(2) Sampling equipment and containers. Sampling equipment and containers
are discussed in Part I of "QA/QC Document for Sampling and Analysis of Ground
Water at Crane NWSC, Crane, IN", section d. of this Work Plan.

(3) Analytical parameters and test methods. Analytical methods in general
are described in Part II of the accompanying QA/QC document. Data validation and
reporting will conform to Naval Energy and Environmental Support Activity (NEESA)
guidance {reference NEESA 20.2-047B). Table 2 summarizes the sampling
requirements of Phase III work. Appendix IX compounds, excluding Dioxin, will be
analyzed in the first round. Appendix IX compounds and suggested analytical
methods are listed in Appendix 1. Analytical methods to be used by the ALG are
listed in Appendix D of the QA/QC plan of Section d. of this work plan.
Explosives compounds to be analyzed by the HPLC method include the compounds TNT
(trinitrotoluene), RDX (hexahydro-trinitro) and HMX (octahydro-tetranitro-
tetrazocine). TNT, RDX and HMX have been detected previously in some wells
within Crane. Other compounds typically included in the HPLC suite of analyses
are TNB (trinitrobenzene), DNB (dinitrobenzene), Tetryl (methyl trinitro phenyl
nitramine), and DNT (dinitrotoluene).

Table 2. Phase II] Ground-Water Sampling Summary, Dye Burial Grounds.

PARAMETER SAMPLES FIELD DUPS QC BLANKS » EQUIP.RINS.
(43 wells) (10% of Samples) Trip Blnks Field Blnks 1/day
1/cooler 1/source/event

Appendix IX 43 5 3 (volatiles) 1 minimum = 3
Explosives by
HPLC 43 5 3
Group I1I
pH (quad) 172
Conductivity
(quad) 172
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(4) Sample Types. Well placement and water sampling at the DBG will be
biased because of the previous work at the site. The deep boring at each
cluster site will be continuously cored to obtain samples necessary to interpret
the subsurface geology ( stratigraphy, hydrology, structure and lithology).

(5) Sample locations, depths and frequency. No more than two new well
clusters are planned for the Phase III Investigation. There will be at least two
wells per cluster. In general a 10-foot screen will be installed at the base of
the aguifer being tested. If necessary a third screen may be installed at a
particular cluster site if additional permeable zones are encountered. Proposed
well cluster locations were presented earlier (section b.(1}.

Water quality samples will be collected in five consecutive rounds on a
quarterly frequency as required by the CAP. The first round of samples will be
tested for Appendix IX contaminants and explosives.

(6) Sampling schedule. The ground water sampling schedule will depend on
the date of implementation of the Phase TII work plan. The time line for DBG
Phase III ground water release characterization is presented in Figure 2.

(7) Sampling procedures. Monitoring well sampling procedures are
described in detail in B.1.d of the QA/QC document. Soil and rock sampling will
be conducted from a truck-mounted rotary drilling rig. Rock cores will be
collected continuously using a diamond-bit HQ wireline core barrel (HQ wireline
retrieves a 2-1/2 in. diameter core from a 3-3/4 in. diameter borehole) The
wireline coring technique has been shown to be effective in obtaining high
quality core during previous drilling / sampling work at Crane.

Drilling water is currently taken from the water treatment plant at the
Crane installation, which draws its potable water from Lake Greenwood, located
within the NWSC boundaries. . Prior to the start of drilling, the drill rig and
appurtenances will be steam-cleaned. Drill cuttings will be removed from the
boring by circulating -lean water from a steel mud pan sealed around the boring
top to prevent contamination of the subsurface from surface runoff. The mud pan

"Will be cleaned and refilled periocdically as conditions warrant. In borings
penetrating more than one aquifer the upper zones will be sealed before the
boring is advanced. PVC casing will be grouted 3 to 5 ft. into the confining
stratum at the base of the aquifer and allowed to set overnight before advancing
the boring. The boring will then be advanced through the upper casing and
grouted. Smaller casing will be set for drilling the next aquifer.

(8) Rationale for sampling location and choice of analytes. The locations
of the new well clusters were based on the results of the previous (Phase II)
work at the DBG as described above. The first round samples will be tested for
Appendix IX contaminants and explosives.

(9) Environmental conditions at the time of sampling. Environmental
conditions at the DBG are affected by potential release to the air of
contaminants released by boring operations. The presence of volatile organic
compounds in the air at the drill locations will be continuously monitored using
a photoionization organic vapor detector and a combustible gas detector. Dust
will not be released by drilling operations because drilling is done with water.

4



The majority of the drilling has already been completed.

(10) Chain-of-custody forms and procedures. Chain-of-custody is described
in the QA/QC document, Section d.

(11) Decontamination procedures. Decon procedures for water sampling are
described in detail in Part I of the accompanying QA/QC document. -
Decontamination of the drilling and coring equipment will consist of steam
cleaning the drilling rig and appurtenances before start of a new boring. In
addition, the down-hole equipment such as drill rods, rock bits, and core barrels
will be steam cleaned after sealing of a ground-water zone and before advancing
through the aquiclude to the next aquifer.

(12) Documentation. Ground-water sampling logs will be kept as described in
the QA/QC document. Soil and rock sampling logs will be kept for each borehole
and well as the borehole is advanced. Figures 7, 8 and 9 are examples of soil
sampling, rock sampling, and well installation logs typically prepared during
field operations. All sampling activities, methods, and analytical results will
be presented in written reports at the end of the RFI for the Dye Burial
Grounds.

{(13) Calibration of field devices. Calibration of the air-monitoring
devices is described in the Health and Safety Plan (part f. of this document).

(14) Sample preservation. Ground-water sample preservation methods are
described in the QA/QC document. Soil and rock core samples collected for
geologic analysis are stored in lidded jars and wooden core boxes respectively.

c. RFI Phase III! Construction Plan.

(1) Objective of Construction of Monitoring/ Sampling Wells. Additional
monitoring wells may be installed in and around the DBG to provide monitoring of
ground-water and samples for chemical analysis. Wells also provide access to
aquifers for determining the aquifer parameter needed to calculate the rate and
extent of contaminant movement. Wells will be positioned to define and intercept
contaminant transport paths and to describe and monitor flow away from the DBG.
Wells will be constructed with materials and methods designed to prevent addition
of contaminants to the well environment and cross-contamination of individual
aquifers.

(2) List of equipment. Drilling of all well borings will be with a truck-
mounted Failing 1500 hydraulic drill rig or equivalent. Flight augers or hollow
stem augers will advance the hole through soil overburden until rock is
encountered. Diamond-impregnated HQ-sized wireline core bit and barrel will
drill and retrieve the core samples. Standard rotary rock bits will be used to
advance the boring in a non-sampled borehole {only the first and deepest well
boring of a cluster of wells is cored and logged). A stainless steel bailer will
be used to develop the well after the screen and casing are emplaced and grouted.

(3) Construction Materials. The well riser pipe will consist of standard
2-in I.D. Schedule 40 FVC flush-fit threaded casing. Well screen will consist of
5-or 10-ft.lengths of 2-in, 0.020-in slotted PVC. Aquifer zones will be sealed

5
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Figure 9. Example of a well installation diagram.




off and casing emplaced using Portland cement with a behtonite seal. Siliceous
coarse sand, certified clean and shipped to the site in sealed bags, will be used

to fill the annulus around the screen in the aquifer zones and serve as a filter
pack for the well.

(4) Construction locations. Locations and depths of wells were presented
in section b.{(5) of this document. :

(5) Construction schedule. Boring is currently under way for emplacement
of the additional (Phase I1II) wells at the DBG. Determination of the exact
number of wells necessary for Phase III will depend on geologic/hydrologic
conditions encountered during the drilling operations. Drilling, core logging,

geologic interpretation and well emplacement are expected to take about three
weeks. R

(6) Construction procedures. Wells will be bored and emplaced in the
following manner. Prior to the start of drilling and between setups at each of
the boring sites, the drill rig and drilling tools will be steam cleaned. The
soil zone in each of the core borings will be sampled with a folding auger or
hollow-stem auger down to refusal (top of rock). If the depth to refusal is less
than approximately 11 ft. (the depth needed to start coring with the HG wire line
core barrel), a 2-ft-long NX core barrel will be used to sample the rock to 11
ft. Remaining cores will be obtained with the wireline rig. A surface casing
will be installed from approximately 6 inches above the ground surface to just
below top of rock to prevent caving of the soil portion of the boring and to
serve as surface protection. The surface casing will consist of 8-or 10-in
casing as needed and will extend well below the freeze depth.

Drill cuttings will be removed by circulating clean water in a steel mud
pan sealed around the surface casing. The mud pan will be cleaned and refilled
from the water truck as necessary. In borings penetrating more than one aquifer,
the upper aquifer will be sealed off before advancing the boring. PVC casing will
be grouted a few feet into the aquiclude stratum (usually shale) underlying the
upper zone and allowed to set overnight. Down-hole drilling equipment will be
steam~cleaned before advancing into the next aquifer zone. In well borings
penetrating three aquifer zones, typically an 8-in surface casing will be
followed by 6-~in casing in the next deeper zone and finally an open hole in the
lower zone in which the 2-in casing and screen are set. Well screens will be set
at the base of the well in lengths dependent on aquifer thickness. PVC riser
pipe attached to the well screen will extend through the protective casing to
approximately 2.5 ft above the ground. The annulus of the screened section of
the well and the entire thickness of the aquifer zone (the formation producing
water) will be backfilled with siliceous sand. The sand will be poured in slowly
from the top of the well and checked for depth periodically with a tape measure.
The filter sand will be brought up to the next higher aquiclude and capped with a
3~ to 5-ft thickness of bentonite pellets as a sealer. This method of well
packing assures that no grout will be introduced into the aquifer and thus
prevent potential clogging of the aquifer. The bentonite will be allowed to set
1/2 to 1 hour to allow time for the pellets to swell and form a seal. The well
will then be grouted from the bentonite to the top of ground. The grout will be
piped into the well from the bottom up through a 3/4-in diameter pipe. A PVC
vented cap will be placed atop the 2-in riser. A cylindrical steel well cap with
locking 1id will be placed over the PVC riser and cemented into the surface
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casing to protect the well casing.

(7) Rationale for Construction Location. See section b.(8) above.

(8) Environmental Conditions. See section b.(9) above.

(9) Decontamination Procedures. See section b. (11)
above.

(10) Documentation. See section b. (12) above.

(11) Well Development Procedures. The wells will be developed by
alternating a surging and bailing technique. Surging will be done with. a
stainless steel rod with rubber washers attached at each end. The surging tool
will be lowered into the well on 1/8-in steel cable and pulled up and down to
create a surging action in the well. The well will be bailed alternately with a
1-1/8 in diameter, 5-ft long stainless steel bailer lowered by a stainless steel
cable. The bailer will be operated by a portable wire-line winch straddling the
well. The well will be bailed until the water from the well becomes clear.

(12) Soil Classification and Description of Cores. Soils encountered during
drilling well be examined by a certified professional geologist at the site and
classified by the Unified Soil Classification System (USCS). Any other
characteristics of the soil, such as color, odor, or inclusions will also be
noted and logged. Cores will be examined and classified by the geologist and
their descriptions logged in a permanent.field log (see Figure 8). The geologist
will describe the lithology, grain size, color, texture, odor (if any) of the
sample and will evaluate its in situ condition. He (or she) will note the
presence of joints and other discontinuities, taking care to describe and measure
open discontinuities capable of transmitting ground water. He will also note
other descriptive features of the core that allow interpretation of the
stratigraphy of the geologic units encountered at the DBG area for correlation
from well to well. The geologist will also note the presence of hydrologic
indicators such as loss or gain of water during drilling, zones of oxidation in

the core, and the presence and condition of potential confining strata such as
shales or clays.

(13) Survey Dlata. All well sites will be surveyed by certified
professional surveyors. The top of casing of every well will be surveyed to
determine its elevation (NGVD) and east-west coordinates using the Indiana State

Plane Coordinate System. The surveyors will supply WES with all survey data and a
table of well elevations and locations.

d. RFI Phase III Quality Assurance/Quality Control (QA/QC) Plans.
The QA/QC documentation is attached at the end of this Plan.

e. RFI Phase II1 Data Management Plan.

{1). RFI Phase III Data Record. Records of data collected in the field
and in the laboratory will be maintained indefinitely for the Dye Burial Ground
RFI in a dedicated file at WES. Some duplicate records will be maintained at the
NWSC. Field data records will include logs of all borings and the core or other
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samples extracted from them, well installation logs, results of any aquifer
tests performed, memoranda for record of field visits, raw and final positioning
survey data, and monitoring well sampling activities.

Each sample taken during the investigation will be assigned a unique number
corresponding to the well or boring from which it was obtained. Well numbers
will identify the SWMU number (Site 02) and the particular well in a cluster. An
example of a well number would be 02C20P2, which identifies well P2 of cluster
C20 of site 02. Water samples will be identified by well number, depth and date
sampled. Each water sample will be assigned a laboratory analysis I[D number by
the contract laboratory.

(2). RFI Phase III Tabular Displays. Tables of data will be prepared for
well information and water sampling and analysis events. Well information tables
will list well numbers, dates installed, type of boring, total depth, elevation
of well casing and ground, depth to screen and screen length, and identification
of aquifer. Water level measurements for dates measured for each well will be
tabulated. Tabulated water sampling data will include site, well number, date
and depth sampled and laboratory analysis results for each parameter tested.

(3). RFI Phase 111 Graphical Displavs. Graphical displays will include
site maps showing well locations, topographic maps of the site, water table or
piezometric surface contour maps of the aquifers encountered, contour maps of
pertinent geologic structure, maps of ground-water contamination distribution in
sampled aquifers, and other maps as needed. Line or bar graphs will be
constructed to show variations in water or piezometric levels for different
aquifers, for different wells, and for different dates. Graphs will also be
constructed showing distribution in contaminant concentrations for different
aquifers, wells and dates. Other graphs will be constructed as necessary.

f. RFI Phase III Health and Safety Plan.

Background. An initial assessment study of the NWSC conducted in 1981 to
identify potential contamination sources determined that past activities at the
NWSC have resulted in possible contamination of soil and ground water by
potentially hazardous chemicals in several areas of the facility. The chemicals,
by their presence in the soil and ground water, present a potential hazard to
personnel conducting RFIs. RFI activities will require drilling of subsurface
borings, installation of wells, and sampling of soils, rock and ground and
surface waters. The health and safety plan is intended to (a) describe field
activities to identify potential hazards associated with each activity, (b)
insure safety consciousness by each individual involved with the field ac-
tivities, (c) control exposure to potentially hazardous chemical compounds by
specifying protective gear and monitoring procedures commensurate with the
anticipated risk, and (d) provide emergency procedures in the event of
unanticipated high contaminant concentrations, incident response, control and
disposal of generated waste materials.

The approximate position of the dyve burial trenches is known for the DBG.
Borings and wells have previously been emplaced around the trench location and
none have penetrated fill. Phase III borings will be emplaced outside the area
of the trenches and will not have potential to penetrate the fill area.

Drilling and Well Installations. Drilling and well installation operations
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will require a combination of up to four steps: .

Step 1. Step 1 drilling will consist of dry auger boring using an Iwan or
flight type auger. The drilling operation will extend to rock, to the water
table, to unstable soil or to some other change of condition that requires a
different drilling technique. Step 1 operations should produce no appreciable
dust and no liquid splash hazard. The operators will contact the drilled soil
with their hands in removing the soil from the auger. The operators will be near
the freshly cut and disturbed soils and thus could be subjected to the release of
residual chemical wvapors.

Step 2. Step 2 drilling will be by the air rotary method by which the
material drilled is cut by the rotation of a cutter or bit while compressed air
is pumped down through the drill pipe to cool the bit and remove the cuttings.
The air escapes through the annulus of the drilled hole and carries the cuttings
to the surface. Since rotary drilling requires fluid circulation, compressed air
will be used instead of a liquid in Step 2 to reduce the risk of injecting
contamination into the soils if site conditions require. Step 2 drilling will
produce significant dust, but the dust ingestion and inhalation problem will be
mitigated by an air jet eductor at the top of the boring which will draw much of
the dust away from the drill operators. The air jet eductor will be positioned
to blow the dust downwind from the operators. Step 2 drilling can submit the
operators to chemical vapors released from the disturbed soils. However, the
hazard is mitigated by dilution in the injected air and the effect of the air jet
eductor.

Step 3. Step 3 drilling will be by the wet (water) rotary method, which is
similar to Step 2 drilling except that the fluid is liquid and the working
conditions are somewhat different. Dust problems are eliminated and some vapors
are absorbed in the fluid. There is, however, a liquid splash and spill hazard.
Chemical compounds in the fluid are somewhat diluted but can contact operators’
skin.

Step 4. Step 4 operations will not involve drilling or other disturbing of
the in situ materials. Step 4 will consist of the installation of monitoring
wells and will entail setting well casing, placing filter materials, bentonite
seals, and grouting of previously drilled borings. None of the potential hazards
associated with Steps 1, 2, and 3 are anticipated. However, it is possible that
vapor released from the subsurface soils will be present at the top of the boring
and operators could contact and/or inhale the vapors.

Other activities. Other field activities that could expose personnel to
contaminants incluce well sampling, well testing, and surface water sampling and
flow measurement. Well sampling requires removal of several bore quantities of
water from the well, the retention of a sample of the ground water entering the
well, and preparation of the sample for shipment to the laboratory for analysis.

Well testing requires measuring the rate of flow of water being withdrawn
from or injected into the aquifer through the well, for example by pumping tests
or by slug tests, for the purpose of determining aquifer flow parameters. Well
testing may also require measurement of water levels in monitoring wells near the
pumping well. Because personnel may contact withdrawn ground water and be
exposed to vapors emanating from the wells, potential splash and vapor ingestion
hazards exist similar to those of Step 3 drilling operations.

Additional flow measurement may be required whereby surface waters in
streams and water issuing from springs are sampled and the rate of flow
determined. Concentrations of contaminants in surface waters will be decreased
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by dilution. Some dilution and aeration will also occur in spring fed waters.
Field personnel should nonetheless be alert for any signs of contamination such
as discoloring of the water or the presence of odors or vapors.

Previous laboratory analysis of monitoring wells at the DBG has indicated
the presence of several compounds in the ground water as discussed above in
Section b.{(1). Unexpected releases to the air near the boreholes will be
monitored by air monitoring devices as described below. Drilling will not be

done in areas with potential buried unexploded ordnance or other hazardous
materials.

General Personnel Safety. The monitoring and precautionary measures
specified in the following paragraphs are considered reasonable and prudent for
general field investigations planned for the RFI. Each employee will have a
comprehensive physical examination within the 12 months preceding his/her field
involvement to provide background information. Upon completion of the project,
or annually, whichever occurs first, each employee will have a routine physical
examination. Physical examinations will consist of the following:

a. Comprehensive Physical Examination. Basic health history, basic
physical examinaticn, routine EKG, chest X-ray, pulmonary function, audio
testing, eye evaluation, hemoccult, Chem-screen 26, CBC w/differential,
acetylcholinesterase activity, heavy metals in blood to include lead, cadmium,
mercury, arsenic, chromium, and strontium; urinalysis.

b. Routine Physical Examination. Basic physical examination, resting EKG,
chest X-ray, pulmornary function, SMA-26, urinalysis, audiometric.

Air Monitoring. The most common halogenated organic compounds in
industrial use and OSHA allowable inhalation limits are listed in Table 3 (OSHA
Safety and Health Standards 29CFR 1910).

Table 3. Limits of Exposure and Detection for
Common Organic Solvents.

Maximum Allowablex* Sensitivity**¥ Detection¥**

Solvent Exposure, 8 hrs. Photoionization Limit
Benzene 10 ppm High 5 ppm
1,1 Dichloroethane 100 ppm High -
1,2 Dichloroethane 200 ppm High -
Methylene Chloride 500 ppm High 100 ppm
Trichloroethylene 100 ppm High 2 ppm

* OSHA Safety and Health Standards (29 CFR 1910) OSHA 2206
*%  HNu Model PI--101 witb 11.7 ev lamp, HNu Systems, Newton,
Mass.
*** Draeger Detector Tubes, National Draeger Inc., Pittsburg, PA

Air monitoring efforts will concentrate on monitoring for organic solvents and
combustible gas. The presence of dust will be determined visually.

The presence of volatile organic compounds in the air at the drill location
will be continuously monitored using a photoionization organic vapor detector
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(HNu Systems Model 101, Hazardous Waste Detector) and a‘combustible gas detector
(Neotronics Meter, EXOTOX Model 40-QFH).

The photoionization unit is a non-specific detector that can
semiquantitatively determine the concentration of a broad range of potentially
hazardous organic compounds in the air. The unit will be calibrated relative to
benzene concentration or to standards traceable to benzene. The unit will be set
to provide an audible alarm at 75 percent of the threshold limit value (TLV) for
benzene. The photoionization unit will be calibrated in accordance with
manufacturer’s recommendation and checked periodically for proper operation.

The combustible gas/respirable air unit is a catalytic and thermal
conductivity unit that measures the concentration of flammable gas, hydrogen
sulfide and oxygen levels in the air. The combustible gas sensor is calibrated
on methane and will provide an alarm at 25 percent of the lower explosive limit
(LEL) of methane in air. The combustible gas/respirable air unit will be
calibrated before field work is started and semiannually throughout the period of
use as recommended by the manufacturer.

a. Specific monitoring. The concentration of three common solvents
(benzene, methylene chloride, and trichloroethylene) in the air will be
determined at the drilling location at the beginning of the morning and afternoon
work periods using colorimetric monitoring devices (detector tubes). The limits
of detection of the colorimetric tubes are at or below 50 percent of the TLV in
all cases. Records of readings will be maintained and correlated with readings
from continuous monitoring devices. _

b, Control of particulates. Dust generated from off-site locations could
move over the drilling locations and other field activity areas intermittently.
Dust will be generated by Step 2 drilling operations also on an intermittent
basis. Monitoring for intermittently occurring particulates is of limited value.
The effects of Step 2 drilling-generated dust will be mitigated by the use of an
air jet eductor. Efforts to avoid ingestion of significant amounts of dust will
include:

a. Physically avoiding the main stream concentration of

dust.

b. Wetting down the work area as feasible.

c. Injecting water into drilling air stream if necessary.

d. Discontinuing work when dust cannot be adequately

controlled. :

e. Respirators with organic vapor cartridges and dust

filters will be accessible at the drill location for
each worker.

c. Action levels. In the event air monitoring indicates levels of
combustible gas or organic vapors that exceed the action levels (Table 4), work
will be suspended and the work site evacuated. A Crane NWSC industrial hygiene
specialist will be brought onsite to define the specific hazard and specify
necessary protective measures which will be implemented before work is resumed.-
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Table 4. Action Levels for Air Monitoring Instruments.

Instrument Level Rationale
Photoionization 40 ppm Benzene 80 percent of OSHA
equivalent threshold level for
benzene, 8-hr
exposure
Combustible gas 1.25 percent 25 percent LEL*
methane, equiv.
methane

*Lower Explosive Limit

To permit a safe and orderly shutdown of operations and evacuation of the
crew from the site, respirators with particulate filters and organic vapor
cartridges will be issued and fitted by NWSC to each worker. Each respirator
will be individually fitted to the crew member to whom it is issued. Respirators
will be checked for serviceability, readiness and accessibility. Respirators will
be kept in sealed plastic (Ziplock) bags.

Limiting skin contact. All persons involved in handling soil samples or
equipment contaminated with soil from the work site will wear rubber gloves,
safety~toe rubber boots, disposable coveralls, hard hats and safety glasses or
face shields. Higher levels of protective clothing, such as Levels A, B, or C,
will be issued and worn if or when working conditions require them. Protective
equipment will be inspected daily. Worn or damaged equipment will be cleaned and
discarded or disposed of as contaminated waste.

Decontamination. All tools and equipment contaminated by material from
drill locations will be cleaned with high-pressure hot water or steam and/or
commercial washing compounds and water when removed from that location. The
intention is to limit the spread of contamination and prevent cross-contamination
from one site to ancther. Wash water and waste from contaminated sites will be
retained for disposal. Wash water and wastes will be tested for contaminants and
disposed of in compliance with local requirements.

Well casings and screens and sampling and pumping apparatus will be
thoroughly cleaned using high pressure hot water or steam before they are
installed or placed in a boring. Filter material used will be clean natural
gravel and/or sand that has been tested or certified to assure that no
contaminants are introduced into the borings.
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meth g/
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Endomitan % 30213-85-9 | A.0-Mathano-2.4,.3-bercodioxathiepin,  6.7.0.9,10,10-hex- 8080 0.0%
achiors. 1,5.50,0.9,00-haxahycro-, J-oxide, | |
(3a.500.88.98.90a) : :
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achiors-18.2,20.3.6.04..7, . (1o, 8250 10
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2.20.9,3,4,7 hexachiorodecalydro-, (1a28208.48 20 10
" Aa8 50.600,008.7R)
Ethy 100-41-4 | Beraens, sthyt- 8020 2
8240 ]
Ethwyl methacrylete 97-83-2 | 2-Propencic acid, 2-methnt-, ethyl estiwr .. — :gu 10
40 [}
[ -34] 10
Ethyt meth Aocate 82-50-0 | Methanesulfonic acid, ot EBIBF .. oo [ -1,] 10
Foamptwr 82-85-7 Py “l% O-(4 a2 10
Flurenthene 206-44-0 | Fluoranthene . Sia) 2
T0 10
Fx 00-73-7 | oH-Fucrene 4100 200
. 8210 10
Heptachior 76-44-8 | 4,7-Mathano-1H-indene, 1,4,5,8,7,8.8-heptachion 8000 0.05
3a.4,7, 784 82r 10
Heptachior epoxide 1024-87-3 (1.2d)oxirene,  2,3,4,5.8.7.7-hep- 8060 1
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Hexact 116-74~% | Barzene, hexachi 8120 [-X]
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[ >0} W
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Hexachioroph 70004 2.2 -mathylenebis(3,4,6-tCHIOM .o rocnscsmniconsossossasd azr0 10
Hexachioroprop 1088-71.7 1-Propom. 1,1,2.3.3.3-DOXACHKID reeememissmssrersssmmsosisatsinsosssass aro 10
2-Hexanone 591-70-4 | 2-Hexanone 8240 80
INJeNO(1,2.3-CNPYO8 o eeereierennd,  193-30-8 | indenof 1,2, 3-cd1pyrene 8100 zgg
tsobutyt sicohol 78-83-1 1-Pmplm!. 2-mathyh 018 80
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1,18.3,384.5,5,54,50,6-dacachiorooctahydro-
Lead (Tote)) | Lead 0010 40
7420 | 1,000
» 421 10
Y - (Total) | Mercury 7470 2
Methacrylonit 126-08-7 | 2-Propenenitrie, 2-methyl- gg -]
5
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72-43-8 | Benzene, 1,1°42.2.2 trichioroethylidens)bis{4-methaxy- .......... % 2
10
74-83-9 | Methane, bromo- 6010 0
8240 10
74-87-3 | Methane, chioro- 8010 1
Benz[jJaceanthrylens, 1,2 :i;g 'g
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]
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APPENDIX {X—GROUND-WATER MONITORING LIST!

. S
Common name * CAS AN?® Chemical abstracts senvice index name ¢ gosied PoL
meth. (uo/l)
”l
‘ . B
Acenaphthene 83-32-9 | Acsnaphthyiene, 1.2-Owdrc- $100 200
Q0 10
Acenaphthylens 208-90-8 | Acensphthyler :;% 2(!3
1
; Acetor N €7-84-1 | 2.Propanone 8240 100
Acetophenone 06.88-2 | Ethanone, 1-phenyt-........... a2 10
Acelontirile; Metht cysnide............coovcrerec ] 75-05.8 ' Acstonitrie 8015 100
2-Acetytaminofuorene; 2-AAF ..o §3-90-0 | Acetarnide, N-OH-fuoren-2-¢4- 8270 10
Acrolein 107-02-8 | 2-Propenal w::g :
82
Acrylonitri 107-13-1 | 2-Propenenitrite 0| s
- 0240 -]
Algrin 309-00-2 | 1,4:5,8-Dimethanonaphthalens,  1.2.3.4,10,10-hexachiono- 8000 0.08
1,440,548 8a-hexatydro- (10.40.448,50,.8a Bag) 8270 10
+ Altyl chioride 107-08-1 | 1-Propens, J-chioro- 0010 ]
0240 100
4-Aminobiphenyt 92-67-1 | [1,1"-Bighenyt)4¢-amine 6270 10
Andios 82-53-3 | B rriey 270 10
Anthracens —— 120-12-7 | Anth 9100 200
4270 10
ANUNONY ccooocmiererers rresensonss (Toasd) | Antimorry 010 200
7040 | 2,000
7041 0
Aramit 140-57-8 | Sulturous acid, 2-<chioroetwl 2-[4(1,1- ar 10
dimethylethyDphenoxy]-1-methylethyt ester
Arsenic (Total) | Arsenic 010 $00
7000 10
) 7081 20
Barum (Total) | Bark 0010 20
1080 1,000
" Ber 71-43-2 | Berzene 8020 2
240 -]
Berzo{alantivacens; Benzantivacens ........... 66-65-3 | Berulalanttracene :;33 2%
BerzolbIOMTNEN ... o] 205-09-2 | Borzle)acephenanthryler g0 | 200
[ BenzothIMorsnteos ] 207-08-0 | Benzotkifucrantrene g0 | 0
|
i BonzOl QR IPEYINE o ccreeorssisonen]  191-24-2 | Barzolghi]pecylene :;g at‘lg
BonZO(8)PYIONE e e o sstrresessremmseere] 50-32-8 | Benzolalpyrens m 2?3
Berxyl alcohol 100‘_-1_.';1'3 Berzenamethanol g:g i’g
7090 80
. 7001 2
aipha-BHC 319-84-8 | Cyciohextine, 1,2,9,4,8,8-haiachicoro-(1a.2a,38,40.58.68) m |g~05
bota-BHC 219-85-7 | Cyclohexane, 1,2,3,4,5,8-hexachion-(10.28,34,48,50.88) | %' 0.08
. . ’ 40
dotta-BHC 319-86-8 | Cyciohexans, 1,2,3,4,5,6-hexachioro-(1a.2a 3a,48.50.88)- 2080 0.1
. 8250 20
Qarma-BHC; LINdBne .........covrevvircermressssessnned 58-89-9 | Cyclohexane, 1,2,3,4,5,6-hexachiono-(1a.2a,38 4a.5a.68)> :gg ‘g.os
Big(2-CHOOSINOXY) MEINEI B ..oooovraccoscensirenmens]|  111=G1=1 1 Ethane, 1,1"-Imethylenedis (oxy)Ibis{2chIOO- ......cocrrrecrresun] 8270 10
Bis(2-Chioroathyather ..... ..o veccramicsrearsins 111444 | Ethane, 1,1"-0xybls(2-chioro- 8270 10
Bis(2-chioro-{-methylethyl:  ether; 2.2.D% 108-060-1 | Propane, 2,2 -0xybis[1.chioro- s;g 13
chiorodisopropyl ether.
Bis(2-ethythexyl) PhUCIEtE oo 1178127 | 1,2-Banzenedicarboxylic acid, bie(2 ethyhexyliester...........| % sg
Bromaodichk thane..... ) 75-27-4 | Methane, bromodichiorn- g}g ;
Bromotonm, TARNOMOMEL 81 e eeecesammone] 75-25-2 | Mathans, trb 313 :
L]

S-0949%9 0007(00)08- SUL-87-10:25:39)
’ F4701.FMT...[16.32)...4-06-87
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APPENDIX IX—GROUND-WATER MONTTORING LIST '—Continued
Sug-
Common name* CAS AN® Chomical abetracts servics Index name ¢ fesied | POL
g/l
odet !
: !
|
M-DICNOTODENZENB...... ccceronen s orcssossromsne ] 841-73-1 | Benzens, 1.3-dichioro- 0010 ‘l s
5
120 10
e2r0 10
p-Oxchiorobenzona........ 106-46-7 | Benaane, 1,4-dichioro- 8010 2
6020 ]
8120 15
020 10
3.3 Dichionobenzicing .. —........ «usrescssessssessreree 01-04-1 | [1,1°-Biphenyl]4.4'-daming, 3,3 -BchOO-........ccoecereremesonee ree] a0 2
trans-1.4-Otchioro-2-but ane rcvssmsssmsenneneead  110-87-8 | 2-Butone, 1,4-<ichioro-, (E)- 8240 ]
OICHONORMIONOMBINGIN ..v..cecev.. coeomcrrme e sassammarenee] 75-71-8 | Msthane, dchiorodifiuoro- 08010 10
8240 [}
1,1-Dichioroethane 75-34-3 | Ethane, 1,1-dichloro- 8010 1 \
8240 [ .
1.2-Dichiorosthane; Ethylene dichionde ........{ 107-08-2 | Ethane, 1,.2-dchioro- 8010 0.8 {
8240 ] H
1,1-Dichioroethylens; Vieyldere chioride ... 75-35-4 | Ethene, 1,1-dichioro- 2010 1 .
8240 s :
rans-1.2-Dichiorcethylent...... ceecesnmee]  156-80-5 | Ethene, 1,2-dichioro-, (E)- 8010 ] i
8240 ) |
2.4-Dichiorophenol. 120-83-2 | Phenol, 2,4-cchioro- 8040 s |
a210 10 1
2,6-Dichiorophenal. 87-85-0 | Phenol, 2,8-cdchioro- "’ 10 i
1.2-DIChOMOPIODENE ... ...coeears e orsemrsrmeencoseesond 78-87-5 | Propane, 1.2-dichioro- 8010 0.5 !
4240 [ H
cis-1.3-Dichioropropen ............ e 10061018 | 1-Propene, 1,3-dichioro., (2)- 8010 20 !
8240 5
e 10081-02-8 | {1-Propene, 1.3-dichioro-, (E)- 8010 3
8240 ]
60-57-1 | 2,7:3.6-Dimethanonaphth(2,3-bloxirens,  3.4.5.8,0,.9-hex- 8080 0.05
achioro-14.2.20.3,6,8a.7. 7a-0Ctahydro-,  (18a,28.280,38 8210 10
£8.640.78.Taa)
Diethyt phthalste 84-86-2 | 1,.2-Berzenedicarboxylic acid, ethylester_................| 8080 :
) 8210 %
O.?—mmohw O-2-pyrazinyt phosphorothioate: 297-87-2 | Phosphorothicic scid, O,O-dlethy! O-pyrazingt ester................ 8270 10
Dimethoate 60-51-8 | Phosphorodithicic acid, 0,0-Amettyt S-{2-(methylamino)-2- 8270 10
cxoethyl] ester
p-{Dinetirylaminc)azobenzens 60-11-7 | Benzenaming, N N-dmethyl-4-{phemyiezoh . .c..cooraecioen 8270 10
7.12-Dimethyibenz(slantivacene.................. §7-87-8 | Barzlalanthracene, 7,12-BMethyk ... e e esnen] 8270 10
3,3"-Oimethyibenzich 18-90-7 | (1,1°-Biphenyt]-4,4" -dAaming, I3 -Amethyl. .......coeeeicrresmnend 8270 10
sipha, aipha-Oimettryiphenethytamie 122-00-8 | Barzenesthansming, a.o-nMethyl . e eeeresce e saonn] [ -10] 10
2.4-Dirnettyyiphenot 105-67-0 | Phanol, 2.4-dmethyl- 8040 18
Dimethyt phthalate 131-11-3 | 1.2-Borzenedicarboxylic acid, AMethy! eS1er ... ceeenevereermsrenn] ‘% 1:
m-Dinitrober 99-65-0 | Berzene, 1, 3-dnitro- 4270 10
4,6-Dinitro-o-cresol 534-52-1 | Phenol, 2-methyt-4,8-Anitro- :;g l.;g
2,4-Dinitrop ] §1-28-5 | Phenol, 2,4-dnlitro- 8040 150
8270 80
2,4-Oiniy 121-14-2 | Banzene, 1-tnethyt-2,4-dinitro- _mm 0.2
10
2,60 O 0606-20-2 | Berzene, 2-methyt-1.3-dnitro- moooo g.\
1
Dinoset. DNBP;  Q-sec-B styt-4,6-dinitro- 08-85-7 | Phenol, 2<{1-Methytpropyl)-4,8-BINIrOe .. ceecceesrrcsssssssssssssnsns :;g “1’
phenol
Di-n-0ctyl phNalate ......cconvnrirmnicssmssesssne]  117-84-0 | 1, 2-Bo0zonedicarboxyfic 8cid, OCTYl O8I0 ..o irereane m %
1,4-Dsnane 123-91-1 | 1,4-Dioxane s0s 150
phenylami 122-39-4 | B ine, N-phenyt- 210 10 -
DISUHOMON.......ooeoereerene ensereee - 290-04-4 | Phosphorodithiods acid, O,O-Blethyt 5-{2-{ethyfthico)}-  S-[2- 8140 2
ethyllester azro 10
Endosutian | ! 950-08-8 | 8.9-Methano-2,4,3-benzodioxathiepin, 6.7.8.9.10,10-hex- 8000 0t
achiono-1,5,50,0,9, 9e-hexalydro-, J-oxide, (Ja.508,8a.0a 8250 10
S8
S-054999 00OKUIX08-JU|.-87-10:25:44)
L]
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- APPENDIX {X—GROUND-WATER MONITORING LIST '—Continued
— PaL
Common name * CAS AN Chermical abetracts service Index narms ¢ m YD
ods*
pharytother ..o 101-88-3 | Benzene, 1-bromo-4-phenoxy- . 0270 19
aomw plithalets; Benayt butyl phehak 05-88-7 | 1,2-Benrenedicarbonylic acid, butyl pheryimettnt ester ... uloeom 1:
Cadmium (Totah | Cademi 6010 4
1130 50
7131 1
Carbon dimdfide 78-18-0 | Crbon disuitide. 8240 S
Carton | hiorid 56-23-§ | Wethane, tetrachioro 8010 ]
8240 -]
Chiordens 67-74-8 | 4,7-Metheno-1H-indene, 1.2.4.5,8.7.8.8-octachioro- 8080 0.1
2,3.30.4,7,7a-hexahydro- 8250 10
p-Chioroandine 106-47-8 | Benzenamine, 4-chioro- 2o 20
Chiorob: -y  100-80-7 | Benzene, chioro- 0010 2
8020 2
8240 S
Chicrobenziste 510-15-8 B«u.;:mﬂc acid, 4-chioro-a-{4-chicrophenyl)-a-tydroxy- 820 10
N oter
p-Chioro-m-cresol 68-50-7 | Phenol, 4-chioro-3-methyl- 8040 ]
8270 20
Chiorosthane; Ethyl chNoMde v oo 75-00-3 | Ethane, chioro- :gw ‘8
40 10
Chioroform 87-66-3 | Methane, trichioro- :glg g.s
2-CHioronaphthalen® .. s 91-58-7 { Naphthalens, 2-chioro- uzg 1g
827 1
2-Chiorophenol. 95-57-8 | Phanol, 2-chioro- 0040‘2_’0 :
1
4-Chiorophenyt pheryl ethet oo ooeeoo{  T005-72-3 | Borzene, 1 8270 10
Chicroprene.. 126-09-8 | 1,3-Butaciene, 2-chioro- glg 5(:
Chromium (Totalh) | Chromi, 6010 bl
7190 500
o i =
) 216019 8100
= Creysene 8270 10
Coben (Total) | Coben 6010 10
- 7200 800
1201 10
Copper (Totah | Copper 6010 0
. 7210 200
m-Creeol. 108-38-4 | Phencl, 3-methwys a2ro 10
o0-Creeol 95-48-7 | Phenol, 2-methyt- arn 10
p-Cresol. 108-44-8 | Phencd, 4-metwt- 270 10
Cranide £7-12-8 | Cyania 9010 40
24-0D; 2,4-Dichiorophenoxyieetic 8. 84-75-7 | Acetic acid, (2,4-dchiorop Y- 8150 10
44000 72-54-8 | Berzerw 1,1°4{2,2-dichioroetiytdens)bis{4-chiono- ... ”mn ‘g.i
44°-00E 72-55-9 | Berzene 1,1"{dichioroathyfidens)bis{{-chicro. | % g.os
1
44007 50-29-3 | Berzane 1,1°<2.2.2-tichioroetyidens)bis{4-chioro ... prssd g.!
1
Dialate 2303-18-4 | Casdamothioic acid, bis{1-methyletty)- , 8- (2,3-dichioro-2- 270 10
propenyl) ester
Dberzi{ahJanth 63-70-3 | Diberz{ahlanthracene g% 200
10
Obenzohran 132-84-9 | Dibenxoh a2 10
Dbromochioromethans;  Chiorodibromo- 124-48-1 | Methane, dRromochion 8010 ]
methane . 8240 -
1.2-Dibromo-3-chioropropene; DBCP..........] 96-12-8 | Propane, 1,2-ditromo-3-chioro- 8010 100
8240 ]
8270 10
1.2-Dbromoethans; Ettylene dbromide.......] 108-93-4 | Ethane. 1.2-dbromo- :210 10
40 -]
Dnv-Dutyl pHEBIEDE oo oo correersenmnnred 84-74-2 | 1,2-Berzenadicarboxylic ackd, dRR/yl eSn ... coeees e a()eoo270 [
10
o-Dichiorobenzens 95-50-1 | Benzene, 1.2-dichioro- 8010 2
. 8020 L]
8120 - 10
8270 10
$-054999 O008(N0X08-  UL-§7-10:25:41)
L )
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APPENDIX IX-—GROUND-WATER MONITORING LIST !—Continued

Sug-
Common namd * CAS RNS Chemical abstracts servioe index name ¢ m" POL
o/
’ ode $
Salrole. $4-59-7 | 1,3-Berzodionole, 5-{2-propenyl)- [ P34 10
Selenum (Totaf) | Selenhum, 6010 150
1740 20
7744 20
Sitver (Totaf) | Siver 010 0
1700 100
Sitvex; 24.5TP e oo oo e sssnsnsanms} 93-72-1 | Propancis acid, 2-(2,4,5-trichiorophencayl e memeeored) 0150 2
Styrene 100-42-6 | Barzene, ethenyl 8020 1
0240 [
Suifide 18490-25-8 | Sutfide 9030 | 10,000
2.4.5-T; 24,5 Trichorophenuxyscetc acld ... 93-76-8 | Acetic acid, (2.4,5-Ychionophenoxy) e 8150 2
2.1‘..‘{.0-1’000. 2.3.7.8-Tewachiorodbenzop- | 1746-01-8 | Dbenzo{b,e](1,4)0xn, 23,7 8-tetrachion- . 8200 0.006
xin
1.2.4.5-TetrachiOnbEnZen®. ......oueicrecsscocend 95-04-3 | Berzene, 1.2,4.5-1atrachior- 8270 10
1,1,1,2-Tetrachiomethane.... ... orrrcsnsneed  $30-20-8 | Ethane, 1,1,1,2-latrachiorg- 8010 [ 1
8240 -]
1,1.2,2-Tetrachioroetham.... ...... — 79-34-3 | Ethane, 1,1,2.2-letrachioro- 0010 0.8
8240 ]
Tetrachioroethwlene: Perchiroethylens; 127-18-4 | Ethenes, tetrachioro- 8010 .08
Tetrachioroethere 8240 -]
234867 ophenol $8-90-2 | Phenol, 2.3,4,6-tetrachioro- 8270 10
Telraethy! dthiopyrophosphate; Sulfotepp.....| 3689-24-S | Thiodiphosphoric scid ({(HORP(S)1:0). tatrssthyl ester 8270 10
Thaftum (Total) | Thalium 6010 400
7840 1,000
R . . T4t 10
Tin P (Total) | Tin 7870 8,000
Tok 108-88-3 | Benzens, methyt- 8020 2
R 8240 ]
©o-Toluidine 95-£3-4 | Berqenamine, 2-mettyt #8270 10
Toxaph 8001-35-2 | Toxaphene 8080 2
8250 10
1.2.4-Trichiorobenzena .......... mrsrrreisressene  120-82-1 | Bargene, 1,.2.4-tichioro- 8270 10
1.1.1-Trichiorosthane; Methyichiorotorm ......... 71-55-8 | Ethane, 1,1,1-tichioro- 8240 [ 1
AR I3 (0, oy T Y U RO —— 79-00-8 | Ethane, 1,1.2-trichioro- 8010 gz
. 8240
Trichiorosthyiene;, Trichioraethens ... 79-01-8 | Ethene, tichioro- 8010 1
8240 ]
Trchiorofh Twthans ...... 75-89-4 | Methane, trichiorofiuoro- 8010 10
: 8240 ]
2,4 5-Trichiarophenol 95-65-4 | Phencl, 2,4,5-trichioro- 0270 10
2.4,6-Trichiorophenol 88-00-2 | Phenol, 2.4,8-trichh 8040 ]
8270 10
1.2.3-TACKKOODNOPEIME cvnes. coermrmmanaeamesasss ronrmossns 98-18-4 | Propane, 1.2.3-trichioro- 313 1:
4
0.0.0-Trinthyt phosphonot ¥oae oot 126-88-1 | Phosphorothiolc acid, 0.0,0-triethwl et e 8270 10
P el s a1 P — S 09-35-4 | Berzens, 1,3.5-trinitro- 8270 10
Vanadmn (Total) | Vanadum 8010
7910 2,000
- 911 40
Vired aceiste 1068-05-4 | Acetic acid, stheny! ester 20 [ 1
Vinyl chioride ’ 75-01-4 | Ethens, chioro- 5:3 2
10
Xylene (tolah) 1330-20-7 | Banzene, dmethyd- :gg :
2nc (Total) | Zinc 8010 20
’ - ’ - : 7950 50

-mmmnwnmubpmmmtonmammmmmmummmmwmm

purposes only. See also footnotes & and 8.

'muma‘mmmVMhmmmmmemmmhm
-ommu.cusmmwm.mﬁwbmamhmmnwmtmmumm

+ CAS indox names 1re those used In the 91h Cumutative Index.
. mm;:gcmm«\o WWMhEPARMW—G‘GW‘WUEﬂMWsoﬂdwm".m
i

ediion, . Analytical de! can be kound in SW-848 and In documentation on file st the agency. CAUTION: The methods sted are
represeniative SW-8468 (rocedu and may not shways be the most sultable method(s) for morioring an analyts under the reguistions.
* Praccal Omnﬂuummdms) are the lowest

concentrations of in ground waters thal can be reflatily determingd within
methods under

specified fimits of precision and accuracy by the indicated routing tory opersing conditons. The POLS lsted are generaty

S-0M4999  0012(00X08 -JUL-§7-10:25:32)
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APPENDOL X —GROUND-WATER MONITORING LIST ! —Continued
| covid
Common nanw * ¢ CASAN® Cherricel abstracts service index name ¢ et wo/L0*
” .
R : l 0
Methyl ethyl ketone; MEK.. - 78-90-3 ¢ 2-8¢ e 8048 10
: 8240 100
Methy! iO0de; IOGOMETNRNG .........reverrrecerereiaen . 14-88-4 | Methane, bdo- 8010 L
) 8240 s
Methyl methacrylate ........... .cocomeemvroccriornerneeces ' 80-82-8 | 2-Propencic acki, 2-methyt-, methyl oo ........................... 201$ 2
: 0240 S
Methyl methanesulionste .. Methanesufonic acid, methyl @840 ... oo etraeace s Q7 10
2-Methyinaphthaiens ... ... ... Naphthalens, 2-methyi- 870 10
Methy! paraition: Parathior: mw Phosphorothiolc acid, O.0-dmethyt O-{4-ntrophenyli ester .. §140 0s
i wro 10
4-Mettyl-2.pentances. HMethyl ottt 108-10-1 | 2-Pentanone, 4-methyt 9018 S
hetone ' 8240 50
Naphthaiene ...............coees | 91-20-3 | Naphthalene 9100 200
! Q270 10
1 4-NaphthOQUINONE ... ....... ceremsirsmmresasasarinns m 130-15-4 | 1. 4-Naphthalenedione - a2rn 10
1-Naphinylsmine 134-32-7 | 1-Naphihal . i 82 10
2-Naphthylamine 91-50-8 | 2-Naghthel | 270 10
Nickel o (Total) | Nicket | 010, %0
I 7520 ¢ 400
o-Nitrganline 88-74-4 | Berzenaming, 2-nitro- @2 -5Q
-NRrOSORINS oo ceemres e 99-09-2 | Berzenaming, 3-nivo- 8270 | 50
p-Nitroantne ........... r— 100-01-8 | Benzenamine, 4-nitro- a270 ! 50
Nitrob ] J—— 96-95-3 | Berzene, niro- 8090 | 40
8270 , 10
O-NHrOPh@nOL........cc cocrenen cesterenrmsrmssersnsssesones] 88-75-5 | Phenct, 2-nitro- 8040 i S
an 10
Phenact, 4-nitro- 9040 10
2 50
Quinokng, 4-aitro-, 1-oxide an 10
1-8utanaming, N-butyt-N-nitroso- 8270 10
080~ [ F344) 10
8270 10
ez2ro 10
2 10
Ethanamine, 8270 10
Morphokng, 4-1T0eo-.. 8270 10
Poerdne, 1-nitroso- 8270 10
Pyrroldine, 1-nitroso- aro 10
Berzenamine, 2-methyt-5-nitro- 8270 10
acid, O,O-clethyt-O-{4-ritrophenyl) ester 8270 10
1.1"-Biphenyt, chicro dervath 80080 0
250 100
olychioring Diberzo{b,e](1.4)doxin, chiorn dervath 8280 0.01
ychi DOibenzoturan, chicro dervatives 8200 0.01
Pentachiorobenzer Herzens, pentachioro- 8270 10
Pentachioroethane 78-01-7 | Ethane, pentachioro- ::g g
1
PentachiononitiobDETTNS ... coceen ceceerenessssesicrnend] 82-88-8 | Barcene, o 10
Pentachiorophenol 87-88-5 | Phenol, pentachioro-. :g;g L]
50
Phenacetin €2-44-2 | Acetamide, N-(4-sthcxyphertyl) ez 10
Phenanthrer 85-01-8 | Phenanthrene :;% 200
10
Phenol 106-95-2 | Phenol 8040 1
L 8270 10
p-Phanylenediaming 1068-50-3 | 1,4-Benzenedamine 8270 10
Phorate. 296-02-2 | Phosphoradiitiolc  acid, O,O-dlethyl  S-[(ethytthio)methyl) | . 8340 2
osler 8270 10
2-Picoline 109-08-8 | Pyricine, 2-methyl- gg g
1
Pr i 23950-58-5 | Berzamide, 3,.5-Achioro-N-(1,1-Smethyt-2.propynyl ... an 10
Propionitrile; Ethyl CyRNIOe ....ocvcccssenned  107=12-0 | Propanenitrie :g:g eg
Pyrene 129-00-0 | Pyrene 8100 200
8270 10
Pyriding 110-86-1 | Pyriine 8240 3
[ 8270 10
$-004999 00§ 1(COX08-I UL-87-10:25:49)
L]
F4701.FMT...[18,32)}...4-00-87




1. Task &2 RFI Phase 111 Work #lan, Release Characterization, Ground Wateir, Dye
Burial Grounds, SWHMY #02/11.

d.  Guality éassurance/Quality Contirol Plan
e GA/QC plan for this work 1o presented in two parts: Part [ discusses
Sample Collaction and Management: FPart [1 discusses Laboratory analysis.




[ T R ST

QUALITY ASSURANCE/QUALITY CONTROL
FOR_GROUND-WATER SAMPLING AND ANALYSIS

Part I. SAMPLE COLLECTION AND MANAGEMENT

1. Introduction

~,

.

The references for this document are the "USATHAMA QA Program", U.S. Army
Toxic and Hazardous Materials Agency, Aberdeen Proving Ground, Maryland, Dec,
1985 (2nd Ed Mar, 1987) and "Chemical Analysis Quality Assurance Requirements
for the Navy Installation Restoration Program", NEESA 20.2-047B, Naval Energy
and Environmental Support Activity, Port Hueneme, California, June 1988. The
procedures described in this section are designed to obtain samples which are
proper representations of the sampled matrix. Trace levels of contaminants
from sources external to the sample must be eliminated through the use of good
sampling techniques. Sample management and stringent documentation are the

key factors in a successful QA program for sampling.

This document does not discuss sampling of soil, air, biological, or
surface matrices or sampling for radiological constituents. When such
matrices or analytes are included in a project, detailed requireﬁénts and
protocols will be provided on a case-by-case basis.

Part i of this document discusses selection and cleaning of containers,
field QC samples, the chain oftcustody, shipping req&irements, sample receipt,
sampling of volatiles, ground-water sampling equipment, procedures for monitor
well sampling, and lists sample preservation procedures and suggested holding

times. Part II details laboratory analysis QA/QC.
2. Containers

For water samples, the sample container shall be chosen to be compatible
with the analyte(s) of interest. A complete list is provided in Appendix H.
In general, however, the following containers should be used: (Exceptions

will be noted in the standardized method).

1




o Septum-sealed glass vials for volatile compounds;

o Amber glass bottles with Teflon-lined 1ids for organic constituents other
than volatiles;

o Polyethylene bottles for inorganic analytes; and

o- Wide-mouth amber-glass bottles shall be used for all soil and sediment

samples.

2.1 Cleaning Procedures for Glass Bottles

In general, only ICHEM certified-clean containers will be used. When

containers must be cleaned, the following procedures will be used.

a. Wash glass bottles, Teflon liners, and caps in hot tap water with

laboratory-grade nonphosphate detergent,
b. Rinse three times with tap water.

¢. Rinse ﬁith 1:1 nitric acid (metals-grade), American Society for
Testing Materials (ASTM) Type I deionized water.

d. Rinse three times with ASTM Type 1 deionized water.

T

e. Rinse with pesticide-grade methylene chloride using 20 mL for 1/2-gal

container and 5 nlL for 4- and 8-0z containers.

f. Oven dry at 125%€C. Allow to cool to room temperature in an enclosed

contaminant-free environment.
g. Place liners in lids and cap containers.

h. Store in contaminant-free area. (Amber glass containers shall not be

exposed to sunlight).



L

2.2 (Cleaning Procedure for Bottles Used for Volatile Organics (40-mL Glass)

g

Wash glass vials, Teflon-backed septa, Teflon liners, and caps in hot

tap water using laboratory-grade nonphosphatf detergent.
Rinse three times with tap wACer.

Rinse three times with ASTM Type I deionized water.
Oven dry vials, septa, and liners at 125%.

Allow vials, septa, and liners to cool to room temperature in an

enclosed contaminant-free environment.
Seal 40-mL vials with septa (Teflon side down) and cap.

Store in contaminant-free area.

2.3 (Cleaning Procedure for Polyethylene Bottles

o

ie

0

d.

Wash poiyethylene bottles and caps in hot tap water with laboratory-
grade nonphosphate detergent.

Riﬁse with 1:1 nitric acid (metals-grade), ASTM deionized water.

Rinse three times with ASTM Type 1 deionized water.

Invert and air dry in contaminant-free environment.

2.4 All Bottles Will Be

a.

b.

Capped and labeled with sample numbers and packed in cooler or box.

Stored in contaminant-free area.
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3. Fileld OC Samples

Although the number of QC sample# changes, the types of field QC samples
remain the same regardless of the level of QC implemented. Table I lists the
percentage of field QC samples per level per sample matrix. A sampling event
is considered to be from the time the sampling personnel arrive at the site
until these personnel leave for more than a day. An example of two events
wouid occur if sampling personnel went to a site for three weeks, drilled
borings, and put ground-water wells in place. During this visit, soil and
wvater samples were collected. The sampling crew left the site for two months,
thus concluding the first sampling event. The crew later returned to collect
another set of ground-water samples over a three-day period. The second visit

would constitute the second sampling event.

The followiﬁg information defines and explains the blanks, duplicates, and

referee samples.
a. Trip Blanks

Trip blanks are defined as samples which originate from analyte-free
water téken from the laboratory to the sampling site and returned to
the laboratory with the volatile organic (VOA) samples. One trip
blank should accompany each cooler containing VOAs, should be stored
aénthe laboratory with the samples, and analyzed by the laboratory.
Trip blanks are only aﬂalyzed for VOAs. !

b. Equipment Rinsates

Equipment rinsates are the final analyte-free water rinse from
equipment cleaning collected daily during a sampling event.
Initially, samples from every other day should be analyzed. If
analytes pertinent to the project are found in the rinsate, the
remaining samples must be analyzed. The results from the blanks will

be used to flag or assess the levels of analytes in the samples.




This comparison is made during data validation. The rinsates are

analyzed for the same parameters as the related samples.
Field Blanks

Field blanks consist of the source water used in decontamination and
steam cleaning. At a minimum, one field blank from each event and
each source of water must be collected and analyzed for the same

parameters as the related samples.
Field Duplicates/Splits

Duplicates or splits for soil samples are collected, homogenized, and
split. All samples except VOAs are homogenized and split. Volatiles
are not mixed, but select segments of soil are taken from the length
of the core and placed in 40-mL glass vials. Cores may be sealed and
shipped to the laboratory for subsampling if the project deems this
appropriate. The duplicates for water samples should be collected
simultaneously. Field duplicates should be collected at a frequency
of 10% per sample matrix for Levels D and C. For Level E, the dupli-
cates should be analyzed at a frequency of 5%. All the duplicates
should be sent to the primary laboratory responsible for analysis.
The same samples used for field duplicates shall be split by the
laboratory and be used as the laboratory duplicate or matrix spike.
This means that for th; duplicate sample, there will be analyses of
the normal sample, the field duplicate, and the laboratory matrix
spike/duplicate.

Referee Duplicates

Duplicates/splits shall be sent to the referee QA laboratory if
reguiators (state or region) collect split samples or if a special
problem occurs in sample analysis or collection. These duplicates/
splits are collected and analyzed in addition to the field duplicates

mentioned in the previous paragraph.

S
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4. Cha f Custod
Samples, other than those collected for in situ field measurements or
analyses, are 1dentified by using a standard sample label which is attached to

the sample container. The sample labels are sequentially numbered and are

accountable. The following information shall Pe included on the sample label.
a. Site name.
b. Field identification or sample station number.
c. Date and time of sample collection.

d. Designation of the sample as a grab or composite.

e. Type of sample (matrix) and a brief description of the sampling

location.
f. The signature of the sampler.
g. Sample preservation and preservative used.
h. The general types of analyses to be conducted.

If a sample is split with another party, sample 1;bels with identical

information shall be attazched to each of the sample containers.

The COC- record is used to record the custody of samples and shall
accompany samples at all times. The following information shall be supplied
to complete the COC record.

a. Project name.

b. Signature of samplers



c. Sampling statior number or sample number, date and time of collection,

grab or composite sample designation, and a brief description of the
type of sample and sampling location.

d. Signatures of individuals involved in sample transfer (i.e.,
relinquishing and accepting samples). Individuals receiving the
samples shall sign, d;te, and note the time that they received the

samples on the form.

e. Matrix.

Sample analysis request sheets serve as official communication to the
laboratory of the particular analyses required for each sample and

provide further evidence that the COC is complete.

COC records initiated in the field shall be placed in a plastic cover
and taped to the inside of the shipping container used for sample
transport from the field to the laboratory.

Examples of chain-of-custody sample tags and record are presented in

Figures 5 and 6, respectively.

- -5. Shipping Requirements

Shipping containers shall ﬁé secured using nylon étrapping tape and
custody seals (tamper-proof seals) to ensure that samples have not been
disturbed during transpcort. The custody seals shall be placed on the
containers so they cannot be opened without breaking the seal. An example of

a tamper-proof seal is shown in Figure 4.

Samples which must be kept at 4°C shall be shipped in insulated containers
with either freezer forms or ice. If ice is used, it shall be placed in a
container so that the water will not fill the cooler as the ice melts.

The samples shall be delivered to the laboratory soon enough to allow the

laboratory to meet holding times. The Department of Transportation

7
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regulations shall be used for packaging, quantities of shipment, and the way

samples are sent. Each subcontractor responsible for sampling shall become

familiar with regulations.

Copies of the signed COC forms shall be delivered with the data packages.
The originals shall remain on file with the contractor or with the laboratory.

\.

6. §ggﬁle Receipt

Upon receipt, the latoratory shall sign and keep copies of the air bill.
The COC shall be signed. The temperature of the cooler shall be measured and
documented. The condition of the samples shall be documented. If any break-
age or discrepancy arises between COC, sample labels, and requested analysis,
the sample custodian will notify the engineering subcontractor. The pH of
incoming samples shall be checked and documented upon receipt. Any discrep-
ancy or improper preservation shall be noted by the laboratory as an out-of-
control event and shall be documented on an out-of-control form with the
corrective action taken. The out-of-control form shall be signed and dated by

the custodian and any other person responsible for corrective action.

7. Sampling of Volatiles

When sampling water for volatile compounds, extra care must be exercised

. to.prevent analyte loss by evaporation. Precautionary measures include:

o Acquiring the sample with equipment that minimizes water gas/liquid

interphase under pressure or vacuum;

o Avoiding aeration or agitation of the sample to the greatest possible

extent;
o Triple rinse sample wial with sample water;

o Filling vials to capacity, taking care that no air bubbles are trapped in

the vial;
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o Storing the sample at 4%C;

o Analyzing the sample as soon as possible, but never exceeding the

prescribed holding time (Appendix H);
o Never allowing a volatile sample to freeze; and

o Never filtering the sample.

8. Ground-water Sampling Equipment

All ground-water sampling will occur after the wells have been developed.
Because drilling and well construction disturb the natural ground-water
system, thenmaximum possible length of time (never less than two weeks) shall
pass between well development and sampling to allow the ground-water system to

return to chemical equilibrium.

All equipment used to measure and sample the ground-water system (e.g.,
bailers, pumps, tapes, ropes) must be cleaned before use in each well to
prevent cross contamination between wells. Equipment that is dedicated to a
well site may nbt require cleaning between sampling events. If the well is
free of inflowing éediments, thorough rinsing will be sufficient. When

_ _ inflowing sediments adhere to equipment, scrubbing may be required in addition
— to. rinsing. In no instance shall detergents, soaps, or solvents be used to

clean equipment in the field.

Water used for rinsing field equipment shall be bottled distilled water or
vater from an approved source._ Such approved water should originate from an
uncontaminated (background) and untreated source. The water shall be analyzed
by an approved laboratory for all project specific analytes prior to collec-
tion of field samples. A rinse blank shall be included with the initial lot
of samples during the initial and subsequent sampling excursions, defined as
the time between mobilization and demobilization of the sampling team.
Reanalysis of rinse blarks is not required for sampling excursions separated

by less than six months. Water from chemical supply companies or retail

9
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merchants is acceptable, provided that analysis reveals such water is free of
interferences. At least one sample must be submitted to the laboratory and be
analyzed for all analytes of interest prior to the first use in the field.

The initial rinse water analyses may be done prior to certification approval
provided that the analytical procedures used are identical to those tested
during certification.

é#mpling equipment must be protected from ground surface contamination.
Clean plastic sheeting spread around the well is one means of protecting the
equipment. New protective sheeting should be used at each sampling location.
Sampling efforts shall preclude wind-blown particles from contaminating the

sample or sampling equipment.

9. Monitor Well Sampling Procedures

The following procedures incorporate the necessary aspects of sampling QA

and shall be used each time a monitor well is sampled:

0 Measure the depth from the top of the well casing (not protective casing)
to the top of the water and record the depth in the sampling logbook;

o Measure and record the depth from™ the top of the casing to the bottom of
the sediment/water interface;
o Subtract the depth to top éf the water from the dépth to the bottom of the
" sediment/water interface to determine the height of standing water in the
casing and saturated annulus. Remember to have on hand the diameter,
Aheight,vand porosity of the sand pack, as recorded by the geologists

during well construction;

o Obtain a sample of ground-water for temperature, conductivity, and pH

measurements. Record these measurements in the sampling logbook;

o Remove a quantity of water from the well equal to three times the

calculated volume of water in the well, including the saturated annulus;

10
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o If the well goes dry during pumping or bailing, one is assured of removing
all water which had prolonged contact with the well casing or air. If the
recovery rate is rapid, allow the well to recover to its original level
and evacuate a second time before sampling. If recovery is very slow,

samples may be obtained as soon as sufficient water is available;

o Obtain samples for chemical analysis immediately after pumping or bailing
is complete. For slow recovery wells, the sample shall be collected

immediately after a sufficient volume is available;

o After obtaining chemical analysis samples, draw a second sample for
temperature, conductivity, and pH measurement and record results in the

sampling logbook;
o Filter samples, as appropriate;

o All samples must be placed in containers that have been cleaned according
to the protocols in Section 2. Samples for organic analyses shall be
placed in clean amber-glass bottles with Teflon-lined lids. Samples for
inorganic chemical analyses shall generally be placed in clean polyeth-
ylene bottles. Samples for volatile organics shall be placed in septum-
sealed vials. The sample bottle and cap shall be triple rinsed with the
water being sampled before filling the bottle with the sample to be
analyz;d. Bottles for filtered samples shall be rinsed with filtered
sample water and bottles for unfiltered samples should be rinsed with

unfiltered sample water;
o Add the appropriate preservative and cap securely;
o Label samples; and

o Place sample bottle(s) in a temperature-controlled (4%) chest immediately

after sampling and deliver to the laboratory as soon as possible.

11
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APPENDIX H

SAMPLE. PRESERVATION PROCEDURES AND HOLDING TIMES
FOR AQUEOUS AND SOLID SAMPLES

After the samples have been taken, they should be sent to the laboratory
for analysis as expeditiously as possible in order to insure that the most
reliable and accurate answers will be cbtained as a result of the analysis. As
a general rule, storage at low temperature is the best way to preserve most
samples, although the length of time the sample can be held even at low
temperatures varies with the analyte and matrix. The bottles should be
packaged for shipping in insulated containers, constructed to insure that the
bottles will arrive at the laboratory intact.

When the samples are received at the laboratory the time lapse between
sample acquisition and analysis may not exceed the times shown in the table.
Freezing samples to extend holding shall not be permitted.

The following table summarizes containers, preservation, and holding time.
requirements by analyte and sample matrix. .

i it ACEIEh
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Table H~1. Contafners, Preservation, Sforage. and Holding Times®

Container? Preservativec'd ‘Maximum Holding Time
Parameter Water 5011 Water 011 for all Matrices®
INORGANIC TESTS _ N o
Acidity P G  Cool, 4% Cool, 4°C 14 days
Alkalinity p 6 ° Cool, 4°C " Cool, 4°C .+ 14 days.
Amnonia P G Cool, 4°C Cool, 4°C 28 days%
H cn a nld 29 ' .
|12.)U4 U M Tl X . . _:| '.;
Asbestos p 6 Cool, 4°C Cool, 4%~ . 48 hoursf
Bicarbonate G None‘Required None Required Analyze linmediately
Biochemical
Oxygen Demand (BOD) o 0 .
and Carbonaceous B0D P G Cool, 4°C Cool, 47C 48 hours
Bromide P G None Required None Required 28 days
Ca}bonate P G None Required None Required Analyze Immediately
Chemical Oxygen L p 6  Cool, 4°C Cool, 4°C 28 days
Denand (COD) [ H,50, to pH <2 : .
Chloride p G None Required None Required 28 days
Chlorine, Total Residual p N/A  None Required N/A Analyze Iimmediately
P N/A  Cool, 4°C N/A 48 hours
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"\§‘ Table H-1. (Cont'd.) o

Container? Preservative®sd - Maximum Holding Time
Parameter Water  Soil Water Soil for all Matrices®
Cyanide, Total and P G: Cool, 4° Cool, 49¢ 14 days h
Amenable to "NaOH to pH »12 .
Chlorination 0.6 g Ascorbic Acid9
Cissolved Oxygen .
Probe G N/A  None Required N/A Analyze hnnediate1y
Bottle =
and Top
HWinkler G N/A  Fix On Site N/A 8 hours
Bottle Store in Dark ‘
and Top _
Fluoride P G None Required None Required 28 days
Hardness P N/A HNO3 or HyS04 to pH<2 N/A 6 months
Hydrazine P G If not analyzed Conl, 4°C 7 days
immediately, collect
“under acid. Add v
90 m) of sample to
. 10 m1 HCY.
lodide p G Cool, 4% Cool, 4°¢ 24 hours
lodine p G None Required None Required Analyze Immediately
Kjeldahl and Organic . . ‘
Nitrogen P G Cool, 4°C Cool, 47C 28 days
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Table H-1. (Cont'd.)

Contatner® | Preseryative®d Maximum Holding Time
Parameter Water  Soill Water Soil for all Matrices
Meta]si /
Chromium VI P 6 - Cool, 4°C Cool, 4°C 24 hours
Mercury P G HND; to pH <2 Cool, 4°C 28 days
Others P 6 ¢HNO3 to pH <2 Cool, 4% . 6 months
Nitrate P 6  Cool, 4% Cool, 4°C 48 hours
Nitrate pluc Nitrits p 5 Cool, 4°C Cooi, 4% 28 days
Nitrite P G- Cool, 49 Cool, 4% 48 hours
0il1 and Grease G G Cool, 4°C Cool, 4°C 28 days
H,S0, to pH <2
2°%4
Orthophosphate P 6 Filter Jmediately Cool, 4°C 48 hours
Cool, 4%C ‘
pH p 6 None Required None Required Analyze Iimmediately
Phenols 6 6 . Cool, 4°C Cool, 4°C 28 days
' H,S0, to pH <2
. 2°Y4
Phosphorous, Elemental G G Cool, 4% Cool, 4°C 48 hours
Phosphorous, Total P,6 G  Cool, 4% Coal, 4°C 28 days
H,S0, to pH <2
ZJ 14 [ P
Silica, Dissolved or Total P G Cool, 4%¢c Cool, 4%¢ , 28 days
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Table H-1. (Cont'd.)
Contatner? Preservative®sd | Maximum Holdﬁng Time
Parameter Water Soil Water Soil for all Matrices®
Residue _ . : A
Filterable p N/A  Cool, 4°C N/A 7 days |
Settleable P N/A  Cool, 4% N/A 48 hours
Nonfilterable (TSS) P N/A  Cool, 49 N/A 7 days
Total P N/A -~ Cool, 4°C N/A 7 days
Volatile P N/A  Cool, 4°C N/A 7 days
Specific Conductance p G Cool, 49C Cool, 40¢ 28 days
Sulfate P 6  Cool, 49 Cool, 4°C 28 days
Sulfide p 6  Cool, 4% * Cool, 49C - 7 days
Add Zinc Acetate
plus NaOH to pH >9
Sulfite P G __ None Required None Required Analyze Immediately
Surfactants p- 6 Cool, 4°¢ Cool, 4°¢ 48 hours
Temperature p G None Required None Required Analyze limediately
Turbidity P N/A  Cool, 4°C N/A 48 hours
ORGANIC TESTS
Acrolein and Acrylonitrile § S Cool, 4°C Cool, 4°¢ 14 daysk '

0.008% Na,$.0
AdJust pH2t3 3 sk
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~ Table H-1. (Cont'd.)
'
i‘
Container? PreservativeCrd Maximum Holding Time
Parameter Water  Soil Water So1l for all Matrices
Benzidines! 6 6 Cool, 49" Cool, 4°C 7 days until extraction”
0.008% Na,$,0,9 -
pH 2-7
Chlorinated Hydrocarbons] G G Cool, 4°C Cool, 49¢c 7 days until extraction
: 40 days after extraction
Haloethers) G 6 Cool, 4°C Cool, 4°C 7 days unti) extraction
0.008% Na23203g 40 days after extraction
Nitroaromatice and } i ' :
Isophorone ! G G Cool, 4°C Cool, 4°C 7 days until extraction
: Store in Dark Store in Dark 40 days after extraction
Nitrosamines+© 6 €  Cool, 4°C Cool, 4°C 7 days until extraction
Store in Dark Store in Dark 40 days after extraction
0.008% Na,S,0,3
27273 : )
PCBs G 6  Cool, 4° Cool, 4°C 7 days unti) extraction
40 days after extraction
Pesticides! G 6  Cool, 4°C ‘Cool, 4°C 7 days unti) extraction
pH 5-9P 40 days after extraction
Pheno]s] ;- G G Cool, 4% Cool, 4% 7 days until extraction
: 0.008% Na252039 _ 40 days after extraction
Phthalate Esters' G 6  Cool, 4°C ~ Cool, 4°C 7 days until extraction

40 days after extraction
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Table H-1, (Cont'd,)

Containerb Preservativec'd Maximum Holding Time |
Parameter Water  Soll Water —S011 for all Matrices®
Polynuclear Ar?matic
Hydrocarbons G G Cool, 4°C Cool, 4°C 7 days until extraction
0.008% Na ¢ 039 Store in Dark 40 days after extraction
Store in Bagk :
Purgeable Aromatic ,
Hydrocarbons S $ Cool, 4%C Cool, 4°C 14 days9
0.008% Na,$70,9
HC1 to pH®<2q
Purgeable Halocarbons S S Cool, 4°¢C Cool, 4%¢ 14 days
0.008% Na,S.,0.9 |
27273 .
TCDD] G G Cool, 4°C Cool, 4°¢C 7 days until extraction
0.008% Na2503g 40 days after extraction
Total Organic Carbon 6 6  Cool, 4C Cool, 4°C 28 days
“to pH <2
Total Organic Halogen G G  Cool, 49 Cool, 4°C 7 days
1 ml of O.1 M

sodium sulfite

Analytes not listed should be preserved at 4°C and held not Tonger than 7 days.

3preservatives and holding times are from Federal Re
Page 43260 and Characterization of Hazardous Waste Sites:

gister, Vol. 49, No. 209, Friday, October 26, 1984
A Methods Manual -- Volume II, Sampling Methods,

abeg

8
SB861 JIoquoda] a3eq

10

0t

Second Edition, EPA-600/4-84-076.

bP = Polyethylene

G = Amber Glass with Teflon-1ined cap
S = Glass Vial with Teflon-lined septum cap |

8
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Container requirements are consistent with these references.
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Csample preservation should be performeJ.inhediately upon sample collection. For composite samples, each
aliquot should be preserved at the time of collection. When use of an automatic sampler makes it

impossible to preserve each aliquot, samples may be preserved by maintaining at 4°C unti} compositing and

sample splitting is completed. |

dwhen any sample is to be shipped by comﬁon carrier or sent through the U.S. Mail, it must comply with the

Department of Transportation Hazardous Materials Regulations (49 CFR Part 172). The person offering such
material for transportation is responsible for ensuring such compliance. For the preservation requirements
in this table, the Office of Hazardous Materials, Materials Transportation Bureau, Department of
Transportation, has determined that the Hazardous Materials Regulations do not apply to the following
materials: Hydrochloric acid (HC1) in water solutions at concentrations of 0.04% by weight or less (pH
about 1.96 or greater); Nitric acid (HNO ) in water solutions at concentrations of 0.15% by weight or less
(pH about 1.62 or greater); Sulfuric acia (H 504) in water solutions at concentrations of 0.35% by weight
or less {pH about 1.15 or greater); and Sod%um hydroxide (NaOH) in water solutions at concentrations of
0.080% by weight or less (pH about 12.3 or less). -

eSamples should be analyzed as soon as possible after collection. The times listed are the maximum times
that samples may be held before analysfs and still be considered valid.

Some samples may not be stable for the maximum time period inen in the table.
A laboratory is obligated to hold the sample for a shorter time if knowledge exists to show this is
necessary to maintain sample integrity. '

fIf samples cannot be filtered within 48 hours, add 1 ml of a 2.71% solution of mercuric chloride to
inhibit bacterial growth.

9shou1d only be used in the presence of residual chlorine.

hMaximurn holding time is 24 %ours when sulfide is present. Optionally, all samples may be tested with lead
acetate paper before pH adjustment in order to determine if sulfide is present. If sulfide is present, it
can be removed by addition of cadmium nitrate powder until a negative spot test is obtained. The sample is
filtered and then MaOH is added to pH 12.

’qu dissolved metals, filter immediately on site before adding preservative.
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i
JGufdance applies to samples to be analyzed by GC, LC, or GC/MS for specific compounds. S

kThe PH adjustment {s not required if acrolein will not be measured.“SampIes for acrolein receiving no pH
adjustment must be analyzed within three days of sampling. , ‘

lwhen - the extractable analytes of concern fall: within a single chemical category, :the specified
preservative and maximum holding times must be observed for optimum safeguard of sample integrity. When
the analytes of concern fall within two or more chemical categories, the sample may be preserved by.cooling
to 4, reducing residual chlorine with 0.008% sodium thiosulfate, storing in the dark  and adjusting pH to
£-9; samples preserved in this manner may be held for 7 days before extraction and 40 days after

extraction. Exceptions to this optimal preservation and holding time procedure are noted in footnotes g,
m, and n. :

M ¢ 1,2-diphenylhydrazine is likely to be present, adjust the pH of the sample to 4.0 + 0.2 to prevent
rearrangement to benzidine. .

Extracts may be stored up to 7 days before analysis if storage is conducted under an fnert (oxidant-free)
atmosphere. o

or the analysis of diphenylnitrosamine, add 0.008% Na25203 and adjust pH to 7-10 with NaOH within 24
hours of sampling.

Prhe PH adjustment may be performed upon receipt at the laboratory and may be omitted if the samples are
extracted within 72 hours of collection. For the analysis of aldrin, add 0.008% Na2$203.

anmple receiving no pH adjustment must‘be analyzed within 7 days of sampling.
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ENVIRONMENTAL LABORATORY
US ARMY ENGINEER WATERWAYS EXPERIMENT STATION

QUALITY ASSURANCE PROGRAM FOR ENVIRONMENTAL CHEMICAL ANALYSES

1. PURPOSE_AND_SCOPE

The purpose of this Quality Assurance (QA) program is to ensure
the scientific reliability and compatibility of water quality data at
the Environmental Laboratory (EL), US Army Engineer Waterways
Experiment Station (WES) by providing QA guidelines for program
managers, principal investigators, and analysts in the development of
and execution of projects.

Any project requiring sample collection, analysis, data reporting
and interpretation must be susceptible to QA if it is to be
scientifically valid. Obviously, Quality control (QC) measures are
more readily applied to routine monitoring than to state-of-the-art
research. However this does not prevent the application of QC
procedures and it should be realized that different research projects
will involve variations of the QA program to meet specific project
needs. These requirements are best defined by the principal
investigators. The role of the QA officer 1is to provide
recommendations for appropriate and necessary QA methods and plans to
coordinate this effort with the EL staff (managers, investigators,
analysts, etc.).

The basic QC measures for analytical testing will be the same for
both routine monitoring and Research and Development as long as
standard analytical methods are in use. When new procedurés must be
developed due to matrix interferences, or the the Corps of Engineers

(CE) improves of develops a new analytical procedure, these variances



must be validated through extensive testing to assure their
reliability. The QA officer will be responsible for this validation
to maintain the integrity of EL data.

As the CE lead agency for Civil Works Environmental Quality
Research, the WES and EL are obligated to support quality assurance if
documentable and reliable research results are to be generated.
Specific quality control measures must be developed for each project.
2. References

a. ER 1110-1-8100
b. ER 1110-1-261
c. ER 1110-1-263
d. ER 1110-2-244
e. Handbook for Analytical Quality Control in Water and Wastewater
Laboratoriess. EPA 600/4-79~-019, March 1979, US Environmental
Protection Agency, Environmental Monitoring and Support
Laboratory, Cincinnati, OH 45268.
f. Standard Methods for the Examination of Water and Wastewater.
(15th Edition) American Public Health Association, 1105 18th
St, NW, Washington, DC 20036
g. Recommended Methods for Water-Data Acgquisition. US Geological
Survey (1977) US Department of Interior, Reston, VA 22092

h. Methods for Chemical Analysis of Water and Wastes. EPA 600/4-

79-020, March 1979, US Environmental Protection Agency,
Environmental Monitoring and Support Laboratory, Cincinnati, OH

i. Plumb, R. H., Jr. 1980. “Procedures for Handling and Chemical
Analyses of Sediment and Water Samples". EPA/CE 81-1, USEPA/CE

Technical Committee on Criteria for Dredged and Fill Material,
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Environmental Laboratory, US Army Engineer Waterways Experiment
Station, P.O. Box 631, Vicksburg, MS 39180

j. Inhorn, Stanley L., Ed. 1978. Quality Assurance Practices fcr

Health Laboratories, American Public Health Association,

Eighteenth St. N.W., Washington, D.C. 20236.

k. Bickering, Charles; Olin, Steven; and King, Peter. 1978.

“"Procedure for the Evaluation of Environmental Monitoring
Laboratories" EPA-600/4-78-017, US Environmental Protection
Agency, Cincinnati, OH 45268.

1. Stratton, C.L., and Bonds, J.D. 1979. "Quality Assurance Guide-
lines for IERL-CI Project Officers" EPA-600/9-79-046, US Envi-
ronmental Frotection Agency, Cincinnati, OH 45268.

m. "Guidance for Contracting Biological and Chemical Engineering

Evaluations of Dredged Material'", Environmental Research and
Simulation Division, Environmental Laboratory, US Army Engineer

Waterways Experiment Station, Vicksburg, MS

n. Test Methods for Evaluating Solid Waste, SW-846, Third Edition
November 1986, US Environmental Protection Agency, Office of

Solid Waste and Emergency Response, Washington, D.C. 20460

1

3. Backaround

QA is defined as the sum of activities that document and maintain
the quality of mohitéring data and gquality control (QC) is the routine
application of procedures to control the measurement process. The
objectives of the WES QA program are to assure that the data generated
are scientifically sound, defensible, continuously precise and
accurate, and to enhance the overall capability and performance of the

laboratory. References 2a-2d establish water quality policy for the



CE. In Addition to its function as a major research and developrent
center for the Corps of Engineers, the WES also serves the Lower
Mississippi Valley Division as Division Laboratory and is responsible

for ensuring the application of quality control measures.

Water and wastewater monitoring data are collected in response to
various Federal regulations and research projects. 1Included in these
regulations:

a. The National Environmental Policy Act (NEPA) of 1969

b. The Federal Water Pollution Control Act (FWPCA) of 1972

c. The Marine Protection Research and Sanctuaries Act (MPRSA) of
1972

d. The Coastal Zone Management Act of 1972

e. The Safe Drinking Water Act of 1974 and 1986

f. The Toxic Substances Control Act of 1976

g. The Resource Conservation and Recovery Act of 1976

h. The Clean Water Act of 1977

i. The Comprehensive Environmental Response, Compensation and
Liability Act of 1980 (CERCLA or Superfund)

j. The Defense Environmental Restoration Program

k. Superfund Amendments and Reauthorization Act of 1986

%
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Much of the preceding legislation requires monitoring programs that fal]
under the regularory authority of the Environmental Protection Agency (EPA).
On 30 May 1979, the EPA administratof issued the following policy statement,
"I am making pacrticipation in the Quality Assurance effort mandatory for all
EPA supported or required monitoring activities...For the purpose of this
policy statement moﬂitoting is defined as all environmentally related measure-
ments which are funded by the EPA or wﬁich generate data mandated by the EPA."
This program doés. nct attempt to describe in detail all of the QC measures to
be applied, but is intended to serve as a general guide for projects in deve-
loping specific policies, organizations, objectives, and QC activities to
achieve data quality goals. References 2d, 2e, 2f, and 2g provide detailed
procedures to be followed in water quality laboratories.

These regulatious may also precipitate research projects that supply data
for standards setting, environmental assessments, permit applications, etc.
The program classification response to government regulation or research pro-
ject will determine the types and numbers of samples to be collected and the
parameters to be measured (physical, chemical, biological, cad..ological). The
winimum precision and accuracy requirements will be determined by the end use

of the data. These factors together will determine the level of QA effort.

4. Quality Assurance Goals

QA goals have been established to:

a. Provide an organizational structure defining the basic concepts of-QA

at WES-in the Environmental Laboratory.



b. Establish guidelines to assist project officers and program managers
{n the logical development of general and specific QA plans for

projects.

¢. Provide a means for evaluating projects as to appropriate data

requirements.
d. Implement-a procedure to review data quality aspects of projects.

e. Encourage the use and development of methods of analysis and data
treatment that are cépable of meeting the data quality or research
quality needs required by the project goals-to assure the use for

R T

which the data are intended. ... .. ... .. ...

f. Monitor the operational performance through appropriate intralabora-

tory and interlaboratory QC programs.

g. Ensure that program and project officers and contractors develop pro-
tocols with approved QA plans and procedures prior to program initia-
tioa and that they adhere to them.

h, Identify data quality problém areas and alert management to them.

5. Organization and Responsibility

The quality of data collected by the Environmental Laboratory lies ulfl;
mately with the Chief. In order to provide an organizational structure for

QA, a QA officer will be designated to develop, coordinate, and direct these
6 -



activities. QC must be built {nto a laboratory program to such an extent that
it i{s a routine part of all other laboratory activities. Management Support
for QA program must be visible and active. The QA officer shall be responsi-
ble for coordinating a definition of the quality of data required to meet pro=-
gram objectives. FPrincipal investigators o; project managers will work with
the QA officer to implement the QA plan and assure the documentation of QC
measures. The WES functional management structure is shown in Figure 1 - the
QA officer beinéka part of the Environmental Engineering DiQisiou with respon-

sibility to the Chief, EL.

6. Quality Assurarce

Quality assurance is maintained through the application of QC measures to
all phases of the analytical process--from the initial planning and selection
of sampling sites to the final interpretation and reporting of data. A brief

description of these QC procedures follows:

6.1 Sample Collection

The major objective of a sampling program is to obtain a representative
portion of the environment under investigation. Criteria for surface water
sampling may be determined by (1) permitting, (2) area wide or basin planning,
(3) compliance, (4} enforcement, (5) experimental design, (6) process control,
and (7) research and de;élopment._ They are often tied to the physiographic
features of the area under consideration. Groundwater monitoring is usually
performed in the vicinity of dredged material solid waste disposal facilities.

Factors to be considered in sample collection for monitoring programs are:

e
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S{te Selection

The selection of sampling sites {s critical in obtaining a representa-
tive sample. Some areas of consideration are study objectives,
accessibility, physical characteristics, inflow, sampling personnel,

and facilities.

Sample Type Frequency

The pri&hry water sample types are grab samples and composite samples.
Composite samples may be conducted manually or automatically and
depend on either a continuous or periodic sampling mode using: (1)
constant pumping rates, (2) sample pumping rates proportioned to
streamf low rates for surface water, (3) constant sample volumes at
constant time intervals between samples, (4) constant time intervals
between samples and sample volumes proportioned to total streamflow
rates, and (5) constant time intervals between samples and sample
volume proportioned to total streamflow rates at time of sampling. In
many cases automatic samplers help eliminate the element of human
error associated with manual sampling; however, automatic samples are
susceptible to mechanical problems and should be subject to strict
maintenance checks and calibration procedures. Protocol for sampling

sediments is given in reference Z2h.

Flow Measurement (surface water)

Accurate flow measurement is a necessary part of any water or waste-
water survey and is required under the National Pollutant Discharge
Elimination Systeﬁ. Flow rates are divided into four categories: (1).

flow measurement {n completely filled pipes under pressure (Venturi
9




tubes, flcw nozzles, Pitot tubes, magnetic flowmeters, etc.), (2) tra-
jectory methods measured at the end of the pipe (California and Purdue
Pipe Methcds), (3) flow measurement fn open channels and sewers
(velocity area measurement time or passage measurement or welr and
flume level measurements, and (4) miscellaneous flow methods (Manning
formula, traéer and salt dilution teéhnique, water meters, pump rates,
etc.). A written step-by-step procedure for the use of the sampler

shall be available for the personnel involved in saﬁple collection,

Sample Handling ar = Preservation

Proper sample containers and preservation techniques must be employed
to maintain the integrity of the samples. Some determinations such as
temperature, pH, specific conductance, and dissolved gases should be
made in the field. A list of recommended sample containers, preserva-
tives, and holding times for the various analytical parameters are
given {n Table l. Tunstructions for cleaning sample containers are as
follows:

(1) Organics: Chromic acid—wash 15 min, rinse thoroughly with tap
water, distilled water, and several times with redistilled ace-
tone, hexane petroleum ether, or chloroform, and clean 11ds and
liners in the same manner and store both in a sealed container

until needéd at the sampling site.

(2) Metals: Soak in 1l:1 AR grade ﬁitric acid for 12 hr, thea rinse

thoroughly with three to five successive portions of high-quality

-
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distilled water. Seal containers aand enclose in a sealed con-

tainer until needed at the sampling site.

Chain-of-Custody

If samples are to be used for compliance purposes, a chain-of-custody

procedure must be employed and must begin in the field. This will

ensure that the samples are collected, transferred, stored, analyzéd.

-

and destroyed only by authorized personnel. The following chain-of-

custody procedures are generally considered to be acceptable:

(1)

(2)

(3

(3)

(4)

A written procedure is prévided to the field and labocratory
personnel to assure that sample possession is traceable.

Involve a minimum number of trained persons in sample collection

and handling.

Provide guidelines to be followed for sample collection, includ-

ing number of samples, sampling method to be used, preservation,

and handling

Provide guidelines to be followed for sample collection, includ-
ing number of samples, sampling method to be used, preservation,

and handling.

At the time the sample 1is collected a chain-of-custody tag

(Figure 2) with tamperproof seal (Figure 3) {s attached to the

12




/ CHAIN OF CUSTODY

U. S. ARMY CORPS OF ENGINEERS
WATERWAYS EXPERIMENT STATION
P.O. DRAWER 631

VICKSBURG, MS 39180

United States Army
Carps of Engineers

<. Serving the Army
... Serving the Nation

U.S. ARMY CORPS OF ENGINEERS |
Station No. Date Time Sequence No.
’ Station Location Grab
BOD Merals Remarks/Preservative:
Solids —————ee 011 & Grease
s con — D.O.
o0 Nutrients______ Bact.
-]
B Other
.-4 .
«
W
% | Samplers:
172}

Figure 2. Example.of chain-of-custody sample tag. (a) Front. _(b) Back.

U.S. ARMY CORPS OF ENGINEERs| Sample No. Date

OFFICIAL SAMPLE SEAL Signature

Print Name and Title (Inspector, Analyst, —‘l'et:ﬁ.)

SEAL BROKEN BY

Figure 3. Example of tamper-proof secal.

13



sample. Information on the tage should be written legibly with
waterpcoof ink. A chain-of-custody record (Figure 4) should

accompany the samples.

(5) Bound field notebooks are used to record field measurements and
information necessary to recouastruct the sample collection
process.

-

£f. QA in the Field

Procedures and equipment shall meet project requirements. The QA

coordinator shall be provided documentation to:
(1) Assure approved methodology. . -... ....... .. . ......
(2) Assure the percentage of QC analyses and results.

(3) Validate the procedures used for recording, processing, and

reporting data.
(4) Ensure the calibration and maintenance of fielé instruments.
(5) Ensure qualifications of field persdnnel;
For each project type a minimum of seven sets of split samples, spiked

samples, and sample preservation blanks shall be collected to define
A -

acceptable estimates of precision and accuracy criteria for data validation.

14




CHAIN OF CUSTODY RECORD

PROJECT NAME / /
)
&
SAMPLERS: (Slgnature) Sz /
S ‘E‘ REMARKS
p-
3
DATE TIME SAMPLE ID
Relinquished by: (Signature) Date /Time Recelved by: {(Signature) Relinquishad by: (Signature) Date /Time Recelved by: (Signature)
Relinquished by: {Signature) Date /Time Recelved by: (Signature) Relinquished by: (Signature) Date /Time Received by: {(Signature)
Date /Time Recelved by: (Signature) Date /Time Remarks

Relinguished by: (Signature)

WES 212

R Nov 08




6.2 Facilities

Laboratory facilities must include sufficient cpace to process and
examine the samples for the required parameters during peak work loads
(v 200 ftz and i5 linear ft of bench space per analyst). Storage space must

also be provided for samples, glassware, equipment, and refrigeration.

Hot and cold running water, high capacity sinks and drains capable of
accepfing acid waste, distilled/deionized water, and ultra-pure water for
trace analyses should be readily available. Provisions should be made for

adequate electrical outlets and vacuum systems.

Exhaust hoods capable of venting organic solvents and acid fumes should

be provided as well as laminar flow hoods for trace analyses and carcinogens

and special purpose hoods for perchloric acid.

Cleanliness in the laboratory should be emphasized to reduce possible

contamination.

Safety features to couwply with Federal Occupational Safety and Health
Administration regulations should include fire extinguishers, safety showers,
eyewash stations, mandatory eye protection requirements, first aid equipment,

protective garments, chemical dispensing devices, and safety education.

6.3 laboratory Personnel

QA can only be as good as the personnel involved in the analysis. Educa-
tional and/or experience requirements are determined by the nature and com-
plexity of the analysis. A skill-time rating for some standard analytical

operations is given {n Table 2.
- 16



Table 2*

SKILL-TIME RATING OF STANDARD ANALYTICAL OPERATIONS

Skill Required Numbeg
Measurement (Rating No.)l Per Day
Simple Instrumental
pH 1 100-125
Conductivity 1 100-125
Turbicity 1 75-190
Color 1 60-75
Dissolved Oxygen (Probe) 1,2 100-125
Fluroide (Probe) 1,2 100-125
Simple Volumetric:
Alkalinity (Potentiometric) 1 50-7%
Acidity (Potentiometric) 1 50-75
Chloride 1 100-125
Hardness 1 100-125
Dissolved Oxygen (Winkler) 1,2 75-1G0
Simple Gravemetric:
Solids, Suspended 1,2 20-25
Solids, Dissolved 1,2 20-25
Solids, Total 1,2 25-39
Solids, Volatile 1,2 25-30
- Simple Colorimetric:
Nitrate N (Manual) 2 75-100
Nitrate N (Manual) 2 40-50.
Sulfate (Turbidimetric) 2 70-80
Silica 2 70-80
Arsenic 2,3 20-30
Complex, Volumetric, or Colorimetric: 2
BOD 2,3 15-20
CcoD 2,3 25-30
TIN 2,3 25-30
Ammonia 2,3 25-30

(Continued)

1Skill—required rating numbers are defined as follows:

l-aide who 1s a semiskilled subprofessional with minimum background or
training, comparable to GS-3 through GS-5.

2-aide with special training or professional with minimum training with
background in general laboratory techniques and some knowledge of
chemistry, compatable to GS-5 through GS-7.

3-experienced analyst capable of following complex procedures with good
background in analytical techniques, professional, compatable to GS-9
through GS-12. -

4-experienced analyst specialized in highly complex procedures, profes-
sional, comparable to GS5-11 through GS-13.

2Rate depends on type of samples.
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Table 2 (Continued)*

N

;: . Skill Required Humber ¢
Measurement (Rating No.)1 Per Day
Phenol (Distillation Included) 2,3 20-30
011 and Grease 2,3 25--30
Fluoride (Distillation Included) 2,3 25-30
Cyanide 2,3 8-10
Special Instrumental:

TOC 2,3 75-100
Metals (by 2A), No Preliminary Treatment 2,3 150
Metals (by 4A), With Preliminary Treatment 2,3 60-80
Organics (by GC), Pesticides Without Cleanup 3,4 3-4
Organics (ty GC), Pesticides, With Cleanup 3,4 2-4

*Source, U. S. Environmental Protection Agency, 1979, Handbook for Analytical
Quality Control in Water and Wastewater Laboratories, EPA-600/4-79-019.




The time limits presented in Table 2 are based on use of approved
methodology. A taéit assumption has been made that multiple analytical uaits
are available for measurements requiring special equipment, as for cyanides,
phenols, ammonia, nitrogen, and COD. For some of the simple instrumental or
siwple volumetric measurements, it is assumed that other operations such as
filtration, di{lution, or duplicate readings ;fe required; in such cases the
number of measurements performed per day may appear to be fewer than one would

normally anticipate.

Training is an essential part of any program measuring water qu#lity. For
more experienced, higher grade personnel, formal training in special fields,
possibly leading to specialization will be a part of each individual's career
development plan. Such training is fostered through local institutions and
through the training courses developed by the Corps, EPA, and other government

-

agencies.

Formalized training for lower grade personnel, comparable to GS-3 to GS-5,
is relatively scarce. However, skills can be most efficiently improved at the
bench level on a personal informal basis by more experienced analysts working
in the same area. Exposure of personnel to pertinent literature will aiso

be a definite progfam policy.
Personnel will-be indoctrinated into QA procedures and their importance

to the Corps. Laboratory supervisors will periodically review basic tech-

niques and policies with the analysts. Recogniiion of excellent performance

19



as well as tactful assessment of areas needing improvement will aid {n overali

laboratory performance.

6.4 Instrumentation

Instrumentation 1s an integral part of all water and wastewater labora-
tocries and is constantly being improved and upgraded. “State-oflthemart"
equipment ane\practices g:f essential if laboratories are to obtain data that
will meet the“accuracy, ;Eecision. and sensitivity required by today's moni-
toring programs. A routine maintenance and calibration program will be pro-
Qided and documented.' §Z§?:w§“;:;;ééig calibration recommendations for some
of the major instruments in the laboratory. Assignment of respousibility will
be clearly defined and records will be maintained in a bound notebook or
equivalent permanent reéords,managementkfile. Some considerations to be made
when.planning the purchase of new equipment, are:

a. Is there a need, #re§en£ or future for the item, 1.e., does present or _

projected regulations specify tests that this equipment will be used

for?

b. Does the purchaser have equipment in-house that can be modified or

adapted to perform the necessary function at a legser cost?

¢. Will the purchaser have the necessary auxiliary input, e.g., if G.C. -
Mass spectroscopy unit {is fequested,‘will library facilities be

availabie?

20




d. Are there technically competent personnel available to operate the
equipment? If not, what plans are available for hiring or training

such personnel?

6.5 Methodology

Analytical methods for routine enviroumental testing of water samples

should be selected using the following criteria:

; _ B el LS selected methods should measure desired constituents of water

samples in the presence of normal interferences with sufficient pre-

cision and accuracy to meet the water data needs.

b. The selected procedures should use equipment and skills ordinarily
available in the average water pollution control laboratory or water

-

supply labocratory.

c. The selected methods should be sufficiently tested to have established

their validity.

d. The selected methods should be sufficiently rapid to permit repetitive

routine use in the examination of large numbers of water samples.
More complex matirices such as those encountered in sediment, soil and

plant tissue may require extensive sample preparation and variance in proce-

dures to compensate for analytical intecferences. Procedural development {s

21



TABLE 3.

Instrument

1) Analytical Balances

2) pH Meters .

3) Conductivity Meters -

T

INSTRUMENT CALTRRATIONS*

Procedure

(a) Zero

(b) Standard weights

(¢) Full adjustment
adjustment

At pH 4,7, and 10

(a) Obtain cell constant
with potassium chloride
reference solutions

(b) Counstruct temperature
curve if measurements

SO OTT TSNNSO S 55 250 T A TR L0 be made other

4) Nephelometer/
Turbidimeters

.5) Colorimeters/Filter

Photometers

6) UV/Visible
Specrophotmeters -

than at 25 + 0.5°

(a) Check instrument scales
or develop calibration
curve with formazin
stds (<40NTU)

_(b) 1f manufacturer's stds
are not formazine, check
agalust formazine stds.
(<4ONTU)

Curves determined with 5-6€

! labocatory-prepared std.

solutions for each param-~
eter in coanc. range of
samp les

(a) Wavelength calibration
with holmium oxide glass
or solution, low~pressure

mercury arc, benzene vapor

{(UV), or hydrogen arc
(visible)

(b) Absorbance vs. concentra-
tion curves with 5-6 std.
Solutions for each param-
eter at analytical wave-

. length in coanc. range of
samp les

(¢) Full servicing and adjust-
ment

Frequency

Before each use
Monthly
Annvally

Daily

Daily

Monthly

Monthly

Annually

Daily

- Quarterly

Daily

Annually

* Source, U. S. Environmental Protection Agency, 1978, "Procedures for the °
Evaluation of Environmental Monitoring Laboratories,' EPA-600/4-78-017.
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TABLE 3. (Continued)

[nstrument Procedure Frequency
7) Infrared Spectro- (a) Wavelength calibration with Daily
photoneters polystyrene or indene

(b) Absorbance vs. concentration Daily
curves with 5-6 std. solu-
" tions for each parameter
M at analytical wavelength in
E conc. range of samples

. (c) Full servicing and adjust- Semi-annually
N o ment
8) Atomic Absorption (a) Response vs. concentration Daily
Spectrophotmeters curves with 6-8 std. solu-

. rscopnase t1ONS for each metal (std.
' ' mixtures are acceptable,

but wih sawe acid as

samples to be rum) in conc.

range of samples
(b) Full servicing and adjust- &Annually

ment
Curves determined with 5-6 std.
solutions in conc. range of
samples

9) Carbon Analyzers -Daiiy

10) DO Meters Calibrated against modified Daily
- Winkler method on aerated
| distilled or tap water

11) Other Selective Curves determined with 5-6 std. Daily
Ton Electrodes and solutions in conc. range of
Electromenters samples

—————— 12) Thermometers Calibrate in constant temper- Quarterly
: . - ature baths at two temper-
atures against precision
thermometers certified by NBS

13) Technicon Auto . (a) Curves determined with Each set of
"~ Analyzers std. solutions for each samples
A parameter
(b) Full service and adjust- Annually
- ment (esp. colorimeter)
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TABLE 3. (Contfinued)

Instrument Procedure Frequency
14) CGas Chromatographs (a) Retention times and detector Daily
response checked with std.
solutions
(b) Response curves for each Monthly
A parameter determined with
a std. solutions
15) Radiological Es
Equipment {(See Standard Methods, Sect. 300)

OO OO R S SN AU 03 AR
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frequently necessary for samples of this type. Whenever possible a standard
reference materfal in a similar matrix should be analyzed with the sample to

assure method reliability.

When Federal regulations must be met, such as for Section 304(h) of Public
Law 92-500 and for the Interim Primary.Drinking Water Regulations, EPA approved
methods will be used. The WES QA officer will coordinate any variances.
Methodology for implementation of Section 404(b) (1) of PL 92-500 {s provided

in Reference 2h.

Methodologies must be caiefully documented and readily available to each
analyst. Laboratory inspections will be made to assure adherence to the
written procedure. Method documentation will include the following items for
QA review:

a. Parameter that the method measures.

b. Principle - A brief description of the method.

c. Opfimum Concentration Range - The analytical range from the

lowest concentration to the highest concentration in which a
substance 1is measured. The sample may be concentrated or

diluted so that the substance can be detected within this range.

.d.. Sensitivity - The slope of a curve of concentration versus )

instrument response (such as absorbance).

25



Detection Limit -~ The lowest quantity which may be distinguished

from background with an acceptable degree of confidence.

Referengg_— The source of the analytical method. In addition

all variances of the original procedure are documented here.

Matcix -- The general composition of the sample that the method

is capable of handling, e.g., water (potable, ambient, wastewater),
solids (leachates, sediments, sludges), air (filter particulates,
bubbler solutfons, casette trap), fluids (solvents, hydrocarbons,

oils).

Analysis Procedure

(1) Description ~ The analytical procedure is described for
normal conditions. Sample pretreatment (if required) and
preparation protocols are also described here. The language
used to describe the method 1is to be detailed enough (cook-
book fashioa) so that a technician with experience in the
respective type of analysis would clearly understand every
step of the procedure. Analytical techniques . that employ
a great deal of 1nstrum¢nt§tion such as atomic absorption
and automated analyzers are briefly described since in-
strument manuals are availlable which detaii the use of the
instrument. However, auto analyzer manifolds are to be

depicted.
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(2) Iastrument Parameters - A description of the instrument and

all the instrument settings that are necessary to set up the

instrument for normal conditions.

(3) Routine Performance Tests - A test of the instrument per-

formance which is separate from a calibration procedure
and is a gross indication of the instrument's response.
This test is performed and documented each time a

batch of samples 1s processed or else on a daily basis.
The frequency chosen for instrument response check is
dependent on the analyst's confidence of instrument

stability.

(4) Calibration Standards -~ The calibration standards are

described in terms of the range of concentrations used
in the normal procedure and in terms of composition
(preparation of standard solutions) employed for various

matrices.

6.6 Reégents

Reagents are available in a wide range of grades; the Eurity requirement
varies with the type-of analysis beingvconducted. For many anélyses American
Chemical Society (ACS) reagent-grade quality is acceptable, and use of
reagents of lesser purity should be prohibited. Where special high-purity

grades, such as spectro grade or reference grade, are required, the analytical
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procedure should specify the special grade or the required in-house purifica-

tion, such as distillation or recrystallization.

Upon receipt, a reagent should be labeled with the date of receipt, who
ceceived it, and an expiration date 1if it 1s unstable. When reagent quality
is critical and variation 1is expectedtin thé quality by reagent lot or source,
initial testing of the reagent may be advisable before placing it in labora-

tory stores.

An effective inventory control program should be used to assure that
reagent stocks are rotated, out-of-date reagents are discarded, and necessary
stocks of reagents are maintained. Reagents must be stored in accordance with
manufacturer's directions to assure reagent integrity, such as storage of-
light-sensitive reagents in dark bottles, protection from excessive heat, and

SO on.

For most reagents, verification of reagent suitabilty is conducted by
analyzing a reagent blank with the series of analyses. Charting of the reagent

blank determinations may be advisable.

Distilled or deionized water should be used in all anglyses and for final
rrihsing of glassware. As a minimum, léboratory water should meet American
Society for Testing and Materials (ASTM) specifications for either Type I or
Type II reagent water (see Table 4). Type I reagent water {s filtered defon-
ized water and is the most common grade of water used in industrial hygieﬁe’;

laboratories.” Type II reagent water 1s distilled water (usually double

28
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TABLE <. AMERICAN SOCIETY FOR TESTING AND MATERIALS SPECIFICATIONS FOR
REAGENT WATER?

Type I Type 1I Type III Type 1Y

Total matter, maximum mg/l 0.1 0.1 1.0 2.0

Electrical conductivity, maximum 0.06 1.0 1.0 5.0
micromho/cm at 25°C

Electrical resistivity, minimum 16.66 1.0 1.0 0.20
MQ ¢ cm at 25°C

pH at 25°C 6.2-7.5 5.0-8.0

Minimum color retention timg (min) 60 60 10 10

%Source: American Society for Testing and Matetialsﬁz

distilled) and is used for most analytical methods requiréing organic-free

water.

Laboratory water should be periodically tested for specific conductance, and
corrective actions should be taken as indicated. The analyst should be aware
of possible sources of contamination from leaching, especially when water 1is

stored for extended periods of time after deionization or distillation.

6.7 Analytical Performance

Valid precision and accuracy data must be maintained for each method and
analyst by initial and systematic checks. Generally, control charts such as
those developed by Dr. éhlter A. Shewhart are used to show standard deviations
(precision) and ranges (accuracy). Details for preparing these charts are

presented in Appendix A and are taken from EPA's Handbook for Analytical

Quality Control in Water and Wastewater Laboratories. When either the

29
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(2) Participate in performance evaluation and method studies as avail-
able from EPA (audit-sample program), American Standard for Test-

ing and Materials (ASTM), and other agencies.

Performance checks should be computerized wherever possible to facilitate

evaluation.

6.8 Data Handli£§~and Reporting

After the laboratory has established control over sample collection,
instrumentation, and analytical methods, the data must be handled and reported
in order to be useful and accurate. Prescribed procedures must be established

for controlling the passage of samples through the laboratory.

a. Analytical Process

(1) Samples are recorded in a logbook upon arrival and assigned a
number. All descriptive information concerning the sample, source,
quantity, collection time, and sample collector is entered. This
information.giy also mewentered into a computer data storage and

retrileval system.

(2) An analytical request sheet {fer—¥BM Tard) is prepared which lists
the sample number, descriptive information, and all necessary

pret:éatments and analyses. Space is provided for completion

31
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b.

&)

(4)

&)

Data

dates. L£_ia£o:ma&iou—45~c0mpﬁfef%eedvjﬁ’flag date for expected

completion time éa?—also be added.

As results are completed, the name of the analyst, calculation,
and all pertinent data are noted on the results sheets (which may
be attached to the request.sheets or made as part of the request

sheet).

el

~

After all analyses are completed, the results are sent to the
laboratory supervisor or person respounsible for reporting results.
After review, they are put into final report form which may be a

typed copy er computer outputy on FIUPP‘j cis &

‘- b e e e em et e e . P . Cam i ecmeaaee . -

Analysis request forms and results are filed for future reference.

Coutrol

(1)

(2)

3)

(4)

The proper use of significant figures should be emphasized.
Data should be rounded properly.

Bound books should be used at the bench to maintain permanent

records.

Care must be taken to avoid transfer errors when entering data

onto—eeards—or- {nto a computer.
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(5) Autowmation of instrumentation in many instances will eliminate

errors in the transfer process and speed up data availability.

A flow chart showing the sequence of events in the laboratory 1s presented

in Figure 5.

If sample data are to be used for compliance or regulatory purposes, a
chain of custod§ record such as that shown in Figure 6 may Ee used to accom~

pany the sample. .

6.9 Standards
Data generated are only as good as the standards used for instrument and
method calibrations. All measurements or. calibrations shall be traceable R

directly or indirectly to an acceptable reference standard. Both EPA and NBS

are excellent sources for these materials.

When standard solutions are prepared, records must be maintained to assure
traceability of calibrations to the primary standard. For standard solutions
that are prepared just prior to use, traceabilty is easily accomplished by
including the standard solution preparation data iﬁ the analyst's log book.
For previously prepared working or stock standard solutioﬁs that are available
for use by several anal&sts. traceability can be accompiished by use of a
standard solution log. The log book should contain raw data om solution prep-
aration or a reference to the data's location (i.e., analyst's laboratory

book number and page), as well as the information placed on the standard ~
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R—— CHECK STANCARDS,

Figure 5.

MEASURE SAMPLES,

P EPLICATES, SPIKES,
ANZ ZLANKS

1

COMAPLUTE ANC UISPLAY l‘-
INTERIM RZSULTS AND
STATISTICS

ALERT
OPERATOR
T0

ACTION

-
SUSTOMER

REZPORT

Flow chart of the sequence of events

during a controlled series of laboratory
measurements.
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Figure 6.

Example of chain-of-custody record
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CHAIN OF CUSTODY RECORD

PROJECT NAME
£

SAMPLERS: (Signsture) 52

S E REMARKS

3

DATE TIME SAMPLE 1D
Relinquished by: {Signature) Date /Time Received by: (Signature) Relinquished by: (Signature) Date /Time Received by: (Signature)
Relinquished by: {Signature) Date /Time Recelved by: (Signature) Relinquished by: (Signeture) Date /Time Recelved by: (Signature)
Date /Time Received by: (Signature) Date /Time Remarks

Relinquished by: (Signature)

WES 219

R Nov 88




solution label (i.e., identification, solution number, date prepared, expira-
tion date, and analyst's initials). Traceability is completed by including
" the standard solution number in the analyst's laboratory book when the stan-

dard solution is used.

When standard solutions are stored for extended periods of time, verifica-
tion of solution stability may be possiﬁle by requiring at least one fresh
standard to be ;tepared at each time of use, or by compariné the standard
solution againsﬁ a ffeshly prepared solution at the end of the expiration dat-
ing period. Storage of dilute solutions or extended storage when less than

one-fourth of the container ié full should be avioded whenever possible.

6.10 Supervisory Control

Behind every good analytical laboratory is a good supervisor who maintains
a continuing interest in the quality of data produced. A QA program provides
the management mechanism to document precision, accuracy, completeness, and
compacability of data. In this regard, the Quality Assurance Office will check
on a weekly basis to review analytical laboratory operations and QC with
analysts. Management will be provided with a status report on a regular

{monthly) basis.

7.0 Contractor Laboratories

' Qdality Assurance begins with and is most directly‘tontrolled in the pro-
curement process. If the contracting officer and project officer fail to pro-

cure high quality sampling and analytical services, the project is-subject
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to inferior data from the beginning. For this reason, all contracts, grants,

and interagency agreements (JAG's) developed by EL primarily for the purpose

of measuring chemical components in water and wastewater shall be subject to

the following QA requirements:

All requests for Proposals (RFP's) grant and IAG application shall

MA [ S

ith QA requirements.

-

~

As part of the selection process, technical evaluation criteria shall
be applied to the proposed contractor QA program and the percentage of

effort to be devoted to QA activities shall be specifically stated.

The IERL-CI laboratory of the EPA has put together a checklist for evalua-

tion criteria to be used in rating quality assurance programs submitted as part

of a coatract proposal or grant application. These are given in Appendix B.

Reference 21 also supplies excellent guidance for selecting a contractor for

biological and chemical analyses.

The QA section of the Technical proposal shall address the following items:

{1) Goal of the QA program.
(2) Organization and responsibility of the QA .program.

(3) Sample collection procedures including site selection, frequenéy;
flow measurements, sample handling and preservation, chain of

custody, and field analyses.
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C.

(5)

(6)

€))

(8)

(9)

(10)

Facilities, personnel, and equipment.

Calibration procedures~--standards and verification.
Analytisal procedures,

In&ernal and external QC practices.

Data handling and reporting.

Documentation of QA practices.

Percentage effort devoted to QA (cost and time). = =

Before selection and award of a contract, and at the option of WES,

bidders may be required to show:

¢y

(2)

Acceptable performance oun audit samples.

By on-site evaluation (laboratory inspéction by WES) that man-
power, equipment, and supplies necessary for completion of the

project are available.

EL may also require that a specified number of split samples be

analyzed by both the Contractor and EL.
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Figure 7 shows the sequence of events in awarding a contract and the areas
where quality assurance should be injected. 1It is the responsiblity of the

WES project officer to see that QA requirements which are a part of the con-
tract, grant, or IAG are met during the course of the monitoring project.

Prior to contract awgrds the EL QA officer should be available to provide
technical advice to the project officer and éhould work with him i{in the initial
development of the contract, grant, or IAG. The QA program developed by the

contract, grant, 6r IAG must be coordinated with the EL QA.officer before

award.

If the contractor laboratory perfoims analyses for projects gemerated by
the Districts, an inspection is required prior to initiation of testing and at
least every two years thereafter (Reference 2b). Guidance for these inspec= ~ ~~

tions is provided in Appendix C.

-
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*PROJECT CONCEPTION
*PROCUREMENT REQUEST
*DEVELOP EVALUATION CRITERIA
PREPARE AND ISSUE SOLICITATION
*PREPROPOSAL CONFERENCE (OPTIONAL)
RECEIVE OFFERS
*PRELIMINARY TECHNICAL REVIEW——sTECHNICALLY UNACCEPTABLE —REJECT OFFER

*TECHNICAL AND COST EVALUATION

DETERMINE COMPETITIVE RANGE —— NOT IN COMPETITIVE RANGE

*CONDUCT WRITTEN/ORAL DISCUSSIONS S

REQUEST "'BEST AND FINAL'" OFFERS

*FINAL EVALUATION

I e ke e o

*PRE-AWAT' " SURVEY (OPTIONAL)

SELECT SOURCE FOR NEGOTIATIONS
CONDUCT NEGOTIATIONS

AWARD CONTRACT

*QA considerations are important -at these points in the process.

Figure 7. 'Processing sequence for contract source evaluation and selection
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APPENDIX A
QUALITY CONTROL FOR ANALYTICAL PERFORMANCE

A.1 Iatroduction

Previous chapters discussed basic elements of quality control (QC) pertaining
to laboratory servicés, {nstrumentation, gla;gware, reagents, solvents, and
gases; the reader should refer to the appropriate sections to determine nec-—
essary specifications and requirements for QC. Assuming that these basic
varlables are under QC, that approved methods are being used, and that the
complete ststem is initially under QC, valid precision and accuracy.data must
initially be developed for each method and analyst. Then, to insure that valid
data continue to be produced, systematic daily checks must show that the test
results remain reproducible, and that the methodology 1is actually measuring

the quantity in each sample. In addition, QC must begin with sample collectipn
and must not end until the resuiting data have been reported. QC of analytical
performance within the laboratory is thus but one wvital link in the dissemina- .
tion of valid data to the public. Understanding and conscientious use of QC
amdng all field sampling personnel, analytical personnel, and management person-
nel 1is imperative. Technical approaches are discussed in the following sections.
A.2 The Industrial Approach to QC

In the 1920's, Dr. Walter A. Shewhart of Bell Telephone Laboratories, Inc. de-
veloped the theqry of cdﬁtrol charts as a basic method for evaluating the qual-
ity of producfs from manufacturing processes. His book (1) on statistical QC
grew out of this original work. Later, accéptance of his concepts and related
stati;tical techniques within 1nd§stry led to réfined. quantitative evélua-
tions of product qualityhﬁn manufacturing. Dr. Shewhart's work on productioﬁ

processes assumed a uniform product manufactured -in large numbers and inspected



on a continuous basis through the periodic analysis of samples of n production
units. The resulting data, X; , Xy ,...X,  , were then used to estimate pre-
cision, as the standard deviation S or range R , and accuracy, as the

arithmetic mean X . These statistics were calculated as follows:

n n pa
2
X, - E Ki n
izl i:]_
S = n-1

R = the largest of the X, — the smallest of the Xi

i

n
NN X
. Aa 1

4
1=l

=

n

These statistics were evaluated by §lottihé-£hem'on control charts develbbed
from similar statistics taken while the process was under properly controlled
operation. The elements common to such control charts are represented in

Figure A-l. They include an expected value (the central line) and an accept-

able range of occurrence (the regiom betveen upper and lower control limits).

g UPPER CONTROL LIMIT
O e e e e e
B T T e e e o —
«
-
(7]
w CENTRAL LINE
’—
U
o
o .
2 LOWER CONTROL LIMIT
(P‘ ———————————————————————————— ——
Sl
Lnlllllll][liJlllll]
a 5 10 15 . 20

SAMPLE NUMBER

Figure A-1. Essentials of a coﬁtrol chart.



There are many reference sources available that discuss in great detail the
classic Shewhart control charts and related statistics that have since been
developed for specific industrial applications (2-4). 1In addition, many
authors have discussed applications of a related type of control chart called

a cumulative-summation (cusum) chart (2,4). Rather than evaluating each sample
independently, the c;sum chart evaluates thekCUmulative trend of the statistics
from a series éf samples. Because each successive point is based upon a cumu-
lative data trend, cusum charts are often considered more effective than control
charts in recognizing process changes and, therefore, may minimize losses from
production of unacceptable units; however, cusum charts require the more diffi-
cult calculations, and optimally designed Shewhart techniques have been found

to be almost as effective (2,4) so there is no universal agreement on the choice

between thenm.
A.3 Applying Control Charts in Environmental Laboratories

-In iﬁdustrial applications, seéarate control charts.are recommended for each
product, each machine, and each operator. Analogous system variables in an
environmental laboratory are the parameter, the instrument, and the analyst.
However, environmental laboratories routinely have to contend with a variable
that has no industri#llcounterpart-—the true concentration level of the in-
vestigated parameter, which way vary cqnsiderably among samples. Unfortunately,
the statistics that work well for industry are sensitive to the variability in
true concentrgtion that is common in environmental analysis; e.g., the classic
X and R statistic values increase substantially as concentration increases.
This variability in true concentration means thgrg are no expected values for
randomly selgcted samples, so that the accuracy of testiﬁg methodology must be
evaluated indirectly through the recovery of sfundards and splkes. As a result,
it has been difficult for eqvironmental laboratories to satisf#ctorily apply

industrial QC technlques.



There are two possible approaches to the solution of the problem of variation
in the true concentration level; either use of a statistic that is not sensi-
tive to this variation or application of the industrial techniques within
restricted concentration ranges. Obviously, the former should be preferred
because it actually solves the problem and does not require the development

and maintenance of a series of charts for each parameter.

A.3.1 Quality Control Charts for Accuracy

-

~

Two replacements for the Shewhart X control chart have been suggested for
evaluating the reccvery of a series of different standards or spikes. One of

these, a cusum chart using the square of the difference between the observed and
true values, is described in an EPA Region VI QC manual (5). The other alter-
native uses the classic Shewhart technique to evaluate the percent recovery in-

stead of X . It is recommended that.thé'berééﬁt recovery be calculated as
P = 100 ogserved
_ nown

for standards, or

observed ~ background

P = 100 oTke

for recovery of spikés‘into natural water backgrounds. An example of the

iingar relationship between percent recovery and the known concentrationiof
standards and spikés is demonstrated in‘the accuracy plots of a recent EPA
‘method study report on analysis of -mercury (6). Both approécbes are being

used on a daily basis by various environmental laboratories.

The data Iin Table A-l were used in the EPA Region VI manual (5) to illustrate
the development of a4 cusum chart.- The actual data have béen reordered here &e
appear in ascending order of the known values., Note that the mean and the range

2 : :
of the . di values Increase with increasing concentration lavel, and this

+



violates a basic premise for acceptable control chart statistics. Because the
percent recovery data do not show any such trend, it is the recommended control

chart statistic for controlling accuracy.

From the data in Table A~1l, a Shewhart control chart for percent recovery can

be calculated in the'following way:

Average percent recovery

o 2

rol
'l

]

100.4

The standard deviation for percent recovery .

23 2

2
Pi - E Pi 23

234,074 - (2,310)%/23
22

V94.0751

= 9.70

Therefore, the upper control limit becomes the following:

UCL = P + 38?

]

100.4 + 3(9.70)

[

129.5
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Table A.l
Analvsizs1 of Total Phosphate—Phosphorus Standards, in mg/l
Total p0, -~P

4
Percent
Difference 2 Recovery
d d P p? -
Point Known Obtained i i i i

1 0.34 0.33 0.01 .0.0001 97 9,409
2 0.34 0.34 0.00 - 0.0000 100 10,000
3 0.40 0.40 0.00 0.0000 100 10,000
4 0.49 - 0.49 0.00 0.0000 100 10,000
5 0.49 -~ 0.49 0.00 0.0000 100 10,000
6 0.49 0.63 ~0.14 0.0196 129 16,641
7 0.50 0.47 0.03 0.0009 94 8,836
8 0.50 0.53 -0.03 0.0009 106 11,236
9 0.50 0.56 -0.06 0.0036 112 12,544
10 0.52 0.59 - -0.07 0.0049 113 12,769
I1 0.66 0.70 -0.04 0.0016 106 11,236
12 0.66 0.60 0.06 0.0036 91 8,281
13 0.67 0.65 < 0.02 0.0004 97 9,409
14 0.68 Q.65 0.03 . 0.0009 96 9,216
15 0.83 0.80 0.03 0.0009 96 9,216
16 0.98 0.75 0.23 0.0529 77 5,929
17 1.3 1.2 0.10 0.0100 92 8,464
18 1.3 1.3 0.00 0.0000 100 10,000
19 1.6 1.7 -0.10 0.0100 106 11,236
20 2.3 2.3 0.00 0.0000 100 10,000
21 2.3 2.4 -0.10 0.0100 104 10,816
22 3.3 3.3 0.00 0.0000 100 10,000
23 4.9 4.6 0.30 0.09090 94 8,836

Totals 2310 234,074

Usiﬁg a colorimetric method with persulfate digeétion.
énd the lower control limit becomes
LCL = 100.4 - 29.1
= 7.13
The completed control chart {s shown in Figure A2,

Following normal procedures, the control chart must indicuate the conditions

under which it was developed; 1.e., laboratory nume, parameter, method of
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Figure A-2. Shewhart control chart for percent recovery data.

analysis, date of preparation, and any other information unique to the initial-
izing data, such as range of concentration and identification of analyst(s).

A control chart is not generally applicable under other conditioms.

To verify the control chart, the initializing data should be checked to be
sure.that none of the values exceeds these new control limits. 1In addition,

if its distribution is proper, about 68 percent of the initializing data
should fall within the interval P i_Sp . It has been suggested that the

control chart is not valid 4if less than 50 percent of the initializing data

falls within this Interval.

In applying the control chart, either of the following two conditions would
indicate an out-of-control situation:

-

a. Any point beyond the conrol limits.

b. Seven successive points on the same side of the value P of the

central line.

When an out-of-control situation occurs, analyses must be stopped until the



problem has been identified and resolved, after which the frequency should be
increased for the next few percent-recovery QC checks. The problem and its

solution must be cocumented, and all analyses since the last in-control point

must be repeated or discarded.

A final note of caution regarding use of a single percent-recovery P control
chart over a broad concentration range is necessary. As noted earlier for the

analysis of mefcury, a good linear relationship of the form

-

X = P (known concentration) + K

where K 1s a constant, seems appropriate for many parameters. However, to
justify use of a single percent-recovery control chart, K must be small
enough relative to the P (known concentration) term that it has little or
no practical effect upon the value of X . This will usually be true for
moderate or high concentration levels, but may not be true at very low con-
;entfation levels. As a result; for some parameters it may be necessary to
develop a separate percenﬁ—recovery or Shewhart X chart for each standard-

ized low concentration level sample.

A.3.2 Quality Control Charts for Precision

Because the characteristics of the range statistic change as concentration
changes, two alternatives to Shewhart's R chart have been used in environ-

mental laboratories to evaluate the precision of routine sample analyses.

One alternative is a cusum chart using the sum of the squared difference be~
tween duplicate determinations on randomly selected routine samples (5). Be-
cause.the range R for duplicate analyses 1s equal to the difference between
them, the‘cusum statistic equals .the sum of squ;red ranges E:RZ .  However,
if R changés significantly as concentration level changes, then Rz is

affected even more and, therefore, s not as good a criterion for judging



whether precision of the system 1is within acceptable limits.

The other alternate uses a chart similar to the R chart, but the chart sta-
tistic is either the percent relative standard deviation (IOOS/R), the coef-
ficient of variation (CV or S/X), or the industrial statistic I . For the
duplicate detérmiuations A and V , I quals the absolute value‘of their

difference divided by their sum, or IA —'B' /(A + B), and can be shown to

be equivalent to the other two statistics: ’
100(cv) = 100 2
X
- 100 RLV2
(A +B)/2

\/’2_A+B

. "”;--h_._iw_u,",“.nz 200 |a - B L e
VE A+ B

. _ 2001

vz

For the sake of computational ease, I seems to be a logical alternative to R .

The next concern is whether I is independent of chaage: in concentration level,
Based upon experience with duplicates on routine samples taken during the last

2 years by EPA Region VII, I appears to decrease substantially as concentration
increases. In recognition of this possible dependency, control charts for I
should only be developed from and_appiied to results within a limited concentra-
tion range. Nofe that control charts for R .could be applied under similar

limictations.

As an illustration of the concentration dependeﬁcy of these precision statistics,
Table A-2 prévides estimates of R and I for different concentration ranges
of three parameters. These parameters were selected because approximately

100 sets of duplicates were available that were well distributed over a
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reasonably broad concentration range. The ranges for the sum of duplicates
A + B used in Table A-2 were selected because they were convenient and the

data tended to be well distributed among them. Data judged to be out of

control were discarded before any calculations were made.

Table A-2 indicates the concentration dependence of both the range R and the
industrial statistic I for three parametérs. Because I 1is not independent

of concentration and is more difficult to calculate and develop control charts

Table A-2
Estimates of the Range (R = A - B ) and the Industrial Statistic
[; = [A - Bl/(A + B)] of Three Different Parameters for Various

1
Concentration Ranges

No. of
Range . of Sets of 2 2 9
Parameter A+B Duplicates @ "A + B R v I

BOD, S5-day (mg/l) 2 to <20 21 11.7 1.04 0.0888
. 20 to <50 30 35.2 1.94 0.0552
50 to <100 27 72.2 3.33 0.0462
100 to <300 29 204.1 6.52 0.0319
300 to <600 17 394.4 11.1 0.0282
600 to <2000 12 1041 12.1 0.0116
2000 up 3 6683 177 0.0264
Chromium (#1/1) 10 to <20 32 12.3 0.32 0.030¢
20 to <50 15 33.4 0.57 0.0170
50 to <100 16 72.4 1.12 0.0155
-100 to <300 15 170.3 3.80 0.0223
300 to <1000 8 480.3 5.25 0.0109
100Q up 5 6340 76.0 0.0120
Copper (ug/l) _ 10 to <30 . 16 22.2 0.93 0.0617
30 to <50 23 38.2 1.35 0.0368
50 to <100 21 70.8 1.14 0.0169
100 to <200 - 26 _ 131.9 2.33 0.0177
200 to <400 10 268.0 2.81 0.0105
400 up 3 702.0 4,56 0.0065

From EPA Surveillunce and Analysis Laboratory, Region VII.
<~ Average values. ’

for, the use of R charts for a series of sequential concentration ranges
for each parameter seems practical. However, because the primary concern

when uéing any range chart 1s whether the upper control limit has been
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Table A-3

Shevhart Upper Control Limits (UCL) and Critical

Range RC Values for the Differences Between

Duplicate Analyses Within Specific Con-

centration Ranges for Three Parameters

Concentration

Parauneter Range2 UCL Rc
BOD, S5-day (wmg/l) 1 to <10 3.40 3.5

. 10 to <25 6.34 ) 6

= 25 to <50 10.9 - 11

50 to <150 21.3 21

150 to <300 : 36.3 336

300 to <1000 39.6 3 40

1000 up 579 579

Chromium (ug/1) . 5 to <10 1.05 1

10 to <25 1.86 2

25 to <50 3.66 4

50 to <150 12.4 312

150 to <500 17.2 3 17

S e -~ 500 up 249 s 249

Copper (ug/1) 5 to <15 3.04 3

15 to <25 4.41 4

25 to <50 3.73 5

50 to <100 7.62 38

100 to <200 9.19 3 9

200 up 14.9 15

From EPA Surveillance and Analysis Laboratory, Region VII.
Equal to half of the range of A + B given in Table A-2.
Based on fewer than 15 sets of duplicate analyses.

exceeded, an evern more practical approach would be ‘to develop a table of

these limits for all concentration levels of each parameter. As an example,

- Table A-3 contains the calculated Shewhart upper control limits for the range

R from duplicate analyses within the various concentration levels for the
three parameters in Table A-2. These limits were calcglatqd,-as usual, from
the Shewhart factor DA for ranges based upon duplicate andalyses and the.
appropriate average value of the range R glven in Table A-2. Fsr example,

the UCL for 25 to 50 mg/l of BOD was calculated as follows:

A=-11



UCL = DAR

= 3.27(3.33)

= 10.9
Table A-3 also contains.a critical range Rc column. Because the data from
EPA Region VII were almost always whole units with only a very occasional half
unit reported, the kc value 1is the UC} valué rounded to the nearest whole
unit at higher-concenttatidn levels and to the nearest half unit for the lowest
concentration 1é5e1. However, there 1is an exception to this rule among the
low-céncentratién kc values for copper that demonstrateé an advantage be-
yond the simplicity of using such tables. The UCL value for copper at 25 to
50 ug/l is inconsistent with the UCL values for adjacent concentration levels,
and the Rc value has been adjusted to resolve this inconsistency. Without
the table, such inconsistencies could very easily go unnoticed.
The examples in Table A-4 illustréte how to use the Rc values in Table A-3.
This technique, consisting of the development and use of a table of critical-
range Rc values at different concentration levels, is recommended to control .
precision. Normal control chart procedures should be followed as in Section
A 3.1 regarding identification and verification of the table. The table should
be updated perlodically as additional, or more current, data become available,
or whenever the basic analytical system undergoes a>major change. If any dif-
ference between duplicate analyses exceeds the critical—téﬁge value for the
appropriate concentration level, then énalyses ﬁust be stopped until the prob-
len 1s identified and resolved, énd the frequency should be increased for the
next few precision checks. After resolutlon, the problem and its solution
must be documented, and all analyses since the last in-control chgck must‘bé

repeated or discarded.
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A.4 Recommended Laboratory Quality Assurance Program

A minimum laboratory quality assurance program should include control pro-

cedures for each parameter as described in the following sections.

A.4.]1 Standard Curves

A new standard curve should be established with each new batch of reagenté,

using at least seven concentration levels.
A.4.2 Quality Control Checks for Each Analytical Run

With each batch of analyses, the following tests should be rum:

a. One blank on water and reagents.
Table A-4

Critical Range Values for Varying Concentration

R LT

ievels
Condition
Parameter Duplicates R _ 15; R=R of System
BOD (mg/1l) 20 and 24 4 6 Yes Normal
Chromium (ug/1) 60 and 75 15 12 No Out-of-control
Copper (Mg/1) 46 and S1 5 1S Yes Normal

This Rc value is used because (46 + 51)/2 = 48.5, which is be-
tween 25 and 50.

1

b. One midpoint standard.
¢. One splke to determine recovery.
d. One set of duplicate analysis.u
The results from b through d should be compared with previous in-control data

by using the appropriate technique recommended in section A.3.
A.4.3 Interlaboratory QC

An interlaboratory QC program would require each laboratory to do the-following:

4. Analyze reference-type samples to provide independent checks on the
A-13
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analytical system. These may be available from EPA as QC samples, from
the National Bureau of Standards as standard reference materials, or
from commercial sources. If performance limits are not provided, the
results should fall within the routine limits of each laboratory for
a standard at a level comparable to the specified true value.

b. Participate in performance evaluatio;.and method studies as available
from thg American Society for Testing and Materials, and from other

agencieé?“
A.5 Outline of a Comprehensive Quality Assurance Program

In the following discussion the symbols used represent the results of analysis

according to the scheme:
Al = first replicate of sample A
Az = seéé;dwééﬁiiéﬁge.of ééﬁﬁleuA
B = sample taken simultanecusly with sample A
B = field spike into sample B
B.,, = 1abo£atory spike into sample B
D = field spike into distilled water
DL = laboratory spike into distilled water
T = true value for all spikes
The laboratory spikes B and DL are.thé only analyses- that may not be

SL

necessary. All other analyses must be.done simultaneously.

A.5.1  Steps for the Field Persoﬁnel

A comprehensive quality assurance program would include the following steps
for each parameter in the monitoring study:

a, Take independent simultaneous samples A and B at the same sampling

A-14



point. Depending on the parameter, this might involve side-by-side
grab samples or composite samplers mounted in parallel.

b. Split sample A into the equal-volume samples Al and Az .

. Split sample B into equal volumes and add a spike T to one of them;

the latter sample becomes sample B . As with all spikes, the addi-

SF
tion of T should approximately douBle the anticipated concentration

level.
-y

Add the ﬁhme spike T to a distilled water sample furnished by the

fen

laboratory and designate this sample as DF .

These samples must be treated in the same way as routine samples; i.e., the
volume, type of ccntainer, preservation, labeling, and transportation must be

the same for all.
A.5.2 Steps for the Laboratory

-The laboratory pe:sonnel_should peéfofm the following steps for quality

assurance:
a. Analyze the blank and midpoint standard recommended in section A.4.
If results are unsatisfactory, resolve problems before continuing.

b. Analyze sample DF' If the percent recovery of T 1is unsatisfactory
(see gection A.3.1), create a similarly spiked, distilled—watet‘sample
DL and analyze to test for a systematic error in the laboratory or
fundamental proglems with the spike. If the percent recovery of T
from 'DL is'satisfactory, any systematic error occurred before the
samples reached the laboratory.

é. Analyze samples B and ,ESF . If B is.below the detection limit.‘
or if B 1s greater than 10T or less than 0.1T , disregard the re—'
mainder éf this step ana proceed to step .d. If the percent recovery of

T from BSF 1s ungatisfactory (see section A.3.l), spike an aliquot
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of sample B the same way in the laboratory so that a similar recovery
can be anticipated. Analyze this sample BSL to test for immediate
interferences or a bad background result B . If the percent recovery
from BSL is satisfactory, then the interference must require a longer
delay before analysis, or other special conditious not present in the
labOtatory.'in order to have a noticeable effect upon recovery of the
spike.. -

d. Analyze"A1 and Az . If the absolute (unsigned) difference between
these results exceeds the critical value (see section A.3.2), then pre-
cision is out of control.

e. Calculate the absolute difference between A1 and B . Ié it 1is unsatis-
factory (see section A.3.2), the field sampling procedure did not provide
representative samples. o . ——n

If initial results at eéch of the laboratory steps were satisfactory, then the

validity of the related data has been indisputably established. If results at

-any Step are unsatisfactqry, résolﬁtiﬁn depends upon the problem identified.

Laboratory problems may just tequirg that the analyses be repeated, but field

problems will usually require new samples. Figure.A-3 is intended to clarify

the interdependence of the preceding laboratory steps b through-e.

In figure A-3 it must be noted that there 1s no way to identify additive
sample interferences; i.e., those that have an equal effect upon the background-

plus-spike results (BSF.Or BSL) and the background result B . Recovery of a

spike will not show such interferences.

Problems causing systematic errors that may. occur in the field include the
following:
a. Contaminated preservative, distilled water, or containers.

b. Contaminatlon by sampling personnel.
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(1000, /7 WITHIN OC LIMITS?|

No Yes
{' |
1
[1000, /T WITHIN OC LIMITS? | [8 <DETECTION LiMIT,8 <0.1T,0r 8> w7
Yes No '
ﬁ Y 1 Yes No
SYSTEMATIC| [SYSTEMATIC
ERROR IN ERROR IN THE
THE FIELD LABORATORY 1A, - Agl Yes 100(85¢ - BNT
OR BAD SPIKES WITHIN QC WITHIN QC LIMITS?
LIMITS?
Yes = 1 N:
Al ves | A -8 EXCESSIVE No
VA ““D WITHIN OC DEVIATION
AL LIMITS? BETWEEN
REPLICATE | 100(Bg, - BT
No ANALYSES WITHIN OC LIMITS?
No l Yes

Y

EXCESSIVE DEVIATION
BETWEEN SIMULTANEOUS

SAMPLES

l IMMEDIATE MULTIPLICATIVE MULTIPLICATIVE SAMPLE INTERFERENCES

SAMPLE INTERFERENCES
OR BAD BACKGROUND RESULT|} OR SPECIAL CONDITIONS TO HAVE A

THAT REQUIRE A LONG TIME PERIOD

- f

NOTICEABLE EFFECT UPON RECOVERY
OF THE SPIKE .

Figure A.3. Procedure for evaluating QC data from a monitoring study.



c. Deterioration through holding time or use of an ineffectual preserva-
tion technique.

d. Use of a bad field-spiking procedure.

A.6. Related Topics

A.6.1 Advanced Laboratory Automation and its Effect on QC

Advanced laborgtory automation systems.under.development analyze samples auto-
matically and use a control computer to interpret the resulting data and produce
an anglytical r;;ér;. The primary benefits of such a systé; are not only that
the data-recording and calculation errors common to manual analyses have been
inherently eliminated, but also that extensive QC can be accomplished quite
easily and cheaply. The comp&ter can be programed to automatically recognize
different kinds of QC samples and to establish or recall appropriate control

limits. Thus the QC overhead is reduced considerably and QC procedures - e

previously too costly or complex become practical.

As an example of a QC procedure that is considered impractical for manual use,
regression could be used to determine the relationship between concentration
change and the accuracy and precision statistics discussed earlier. Using
these relationships, very responsive, single accuracy and precision charts
could be deyeloped for each parameter. As computer—assisted analysis becomes
common, automated laboratories will very.likely replace the manual procedures
 recommended earlier in this chapter with evaluation criteria based upon

tegfessions.
A.6.2 Method Comparability (Equivalency)

Requirements for method comparability are under development for proposed

alternatives to the methodology specified in Public Law 92-500, section 304(g).
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A final versilon of these requirements should be available at a later date.
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APPENDIX B*

QUALITY ASSd’kNCE EVALUATION CRITERIA CHECKLIST FOR
PROPOSALS AND GRANT APPLICATIONS OFFERING
SAMPLING AND ANALYSIS SERVICES

Scoring Numerical Individual .

Criteria Value X Weight = Score
A. Quality assurance management policy/written procedures.,
la. Does the offeror have an X 5 =
on-going QA program?
2a. Does the offeror have a written X 4 =
QA manual that he will make
available for review?
3a. Has the offeror designated X 3 =
a QA coordinator or a QA
supervisor who reports to senior
management levels?
4a. Does the proposed‘project hauage- - X 2 =
ment structure provide for
adequate QA7
Sa. Will a project specific QC plan X 1 =

be prepared before commencement
of sampling and analysis?

Total Score for Sub-element A.

Maximum Possible Score 75

Percent of maximum possible score awarded for Sub-element A. (circle
closest value).

0% 20% 40% -- 60% 80% 100%

‘Score for this sub-element of the proposal evaluation criteria (circle
corresponding value).

0 1 2a - 2b 3 4 5

Source: Stratton, C. L. and Bgnds, J. D., "Quality Assurance Guide-
lines for IERL-CI Project Officers," EPA-600/19-79-046, U. S. Environ-
mental Protection Agency, Cincinnati, OH 45268, December 1979.



APPENDIX B (continued)

Criteria

Scoring

Value

Numerical
Weight

Individual
Score

B.

1b.

2b.

3b.

4b.

5b.

6b.

7b.

Percent of maximum possible score awarded for Sub-element B.

Quality assurance procedures for sampling.

Are sampling locations chosen
to assure representative samples
will be taken? -

Will the proposed sampling
program yield data of statisti-
cal significance as appropriate
to the objectives of the project
(e.g., replicate samples,
background samples, etc., should
be discussed)?

Does the offeror show an under-
standing of the proper techniques
used to collect representative
samples while avoiding sample
contamination? - - : -

Does the offeror have access to
the appropriate sampling
equipment?

Are samples to be shipped
promptly to the laboratory to
meet maximum sample holding
time limitations?

Are appropriate sample preserva-
tion methods proposed?

Are sample chain-of-custody
procedures described?

Total Score for Sub-element B.

Maximum Possible Score

closest value).

0% 20% 40% --

60%

80%

100%

———————

75

(circle

Score for this sub-element of the propoéal evaluation criteria (circle
corresponding.value).

0 1 2a 2b

3

4

5




APPENDIX B (continued)

Criteria

Numerical
Weight

Individual
Score

C.

1c.

2c.

3c.

4e.

5¢c.

6¢.

Quality assurance procedures for analysis.

Does the offeror intend to use
standard analytical methods
where available? If standard
methods are not available, will
the mthods used be documented?

el
Does the offeror have a labora-

‘tory QC program which specifies

at least 5-10 percent sample

replication and S percent spiked

sample analysis?

Is high quality analytiéal
instrumentation available for
use on the project?

Are laboratory facilities
adequate?

Are analytical detection limits
adequate for the purposes of
the project?

Does the offeror participate
in EPA and/cr other interlabor-
tory QC programs?

Total Score for Sub-element C.

Maximum Possible Score

D

75

Percent of maximum possible score awarded for Sub-element C. {circle
. closest value).

0% 20% 40% -~ .

100%

Score for this sub-element of the proposal evaluation criteria (circle
corresponding value).

o 1 2a 2b

5
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APPENDIX B (continued)

Scoring Numerical
Criteria Value X Weight

H

Individual
Score

D. Quality assurance procedures for data management.

1d. Does the offeror possess X 3 =
appropriate data handling,
processing, and retrieval
capabilites?

2d. Will QC data (e.g., standard X 3 o=
curves, duplicate results, spike
sample results) be maintained and
be accessible to the Project
Officer?

3d. Does the organization routinely X 2 =
maintain analytical performance
records such as quality control
charts?

4d. Are all laboratory results and . : X 3 =
QC data reviewed by laboratory
supervisory personnel?

Sd. Are alldata and records retained X 1 =
for a minimum of 3 years:

6d. Are field notebooks used to X 3 =
record sampling and engineering '
data (e.g., sample number, date/
time of collection, flow,
operating conditions, etc.)?

Total Score for Sub-element D.

Maximum Possible Score

Percent of maximum possible score awarded for Sub-element D.
closest value).

0% 204 40% -- 60% 80% IQQ%

75

(circle

Score for this sub-element of the proposal evaluation criteria (circle

corresponding value).
0 1 2a 2b 3 4 5
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C inspections.
3. _Referenéés-
a‘
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a.’ ks Qqahty Management Protocol for 1E:‘.va1uat1non.,ofi,ontrac‘

Laboratonas Proirldmg.hnalyses for Superfund and Defense".

The: mrp-aseraf laboratory inspe:ctmnsx ‘ : el
laboratones perimnmq analyses for water and wastewater: pro;mt:ﬁ*rhava he
required czpabili{*y, -are :following accepted quality control procedures- andYare- "
using methods consistent with those contained in documents listed in I"nclsasure

. lorin contract. specifications, Difficulties arising during la}'n:)tatazy .
- - inspectiong are frequ vently a result of deficient program or contract
specifications,

6. Laboratory Inspections.

a. General. 1Inspections should be performed prior to the initiation of:x:
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generally include a summary of contract requirements for rhemwal /phycncal ‘33 7\'«
testing, a completed laboratory evaluation checksheet, and a sumary of % %

. findings with srecific recommendations. J£ satisfactory performance. on *
-- audit samples - iz a contract requirement, an- eval*uai-ion of - the t’esults should
i be 1nc1uded in the report.. .. : . o

o - T

Program Spe~1 Elcatlons.

Iaboratmty, an mterwew is held. thh the fac:.ht:y dxrecmn to discuss the"qi’}
- purpose of the'site: visit and: to anphaslze the- Ccn:pe: requirements =for an - ‘: C
: active quality aasurance/qual ity control progrm.rs. 'I'ms«iw follcmed‘F 'by an: -‘1“
_evaluation survey to determine the: laboratory's ‘abil ity “tomeet: program e
‘.reqm.rements, or conlract specifications..:- A\chcwh.she:ei“ s *pr%entedr in O&E
. Enclosure 3/to-aid i this evaluation.- 1t may be'- nece_ssary to add or deletev
items based on individual program needs..: Note: a}so that' much’of -the..
information: in Enclosure 3 may be obtained: beforef the: mspectmnm _either asuwy

part’ of the quality assurance plan qu\lllCEdf bye ccntr:act:’ snemfxcations,, or=+3
‘-fby writtem cormmmc::ltign' wizith -theggghy

( 'osu
tﬁ?’oﬁresponsibi; enz%T
ypes: of: Yaboratories: mvolve&’,“arﬂﬂanéﬂ?é‘ :
hak ao iidex;able judgement'be exercised: by the: m&iqidua‘
i oi:ythe} inspection program... All of: the. mformation.cu‘- '
‘ equire&l or;each’. inspection;: while: adait:ional infotmaticm" “
’neaeded?“in sanez*r"wses-" . Contracts must often bei written which requi"‘ S
“'state-ofmtheuart procedures and’ this may cause’$ome contracts to': SS T e
‘specific than others.. Established methods often allow soma- dicsc:retion onsty
the:part of the-znalyst. _ ‘ re
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CONTRACT', PROJECT, OR PROGRAM SPECIFICATIONS SUMMARY
(For Each Individual:Contract,. Project, or. Program) -

1) s
(2)-
3y
(4
(5)

Samnple 'ranspor tat 1on.

g "soune-l Quah ElC’atIOD&

:‘;t Irmtnmwg:catéion Reggéri

r:- Note: The above outline is a quide and 1ts contents should not be
construed as the only requirements that exist in a contr act, project,
or program. Any other pertinent information not covered in 3a-ib
should be noted urder 3c, Other Requirements.
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1. ORGANIZATION OF PERSONNEL - P

M .

Same personnel may occupy more than one- position, particularly in sma]l

-, laboratories. The recommended winimun standards. for. the laboratory -
dlrector/?nanager ar2 a bachelor of science degree and 5 years experience.
The recommended mninimum standards . for: the chief analyst directing. the

Y testmg c:peratmns are a bachelors degee in chemistry and 2—3 years
eggpenerx:e in analy:eq bemg penfonned i i, e . - L

- 'm»(\ L TR SRR

Education: ;
. Experience:
Chief Classical Inorgani.c-Analyst‘i. ‘

'Education: g T EOws
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2. A?Al\ﬁm.‘ysrs e T e

y.‘,,.,\Most analysts should have a minimum bachelor of science degree i’m g
chem‘st:y or closely related laboratory science and at least one-year's
expéi:lenoe verforming the analyses. required in the contract. Personnel %
1nterpret1ng spectra from gas chranatoqraphs Or gas c'm:omatograph/rnaoJ :
'sPectrmueters snould have a minimum: of two and three year's experience;
_"frespectl,vely. Sama laboratories make: extensive use of technicians.,
I Their work. . should be- performed under the direction of a chemist or

’ semor analyst,..

o L me gieh
a. Name:

o Education:

e e Experience

" hnalyses Performed:

T

.b. Name:. _ L
Education:
Experience:.
Analyses Parformed: . -

. C. Name:
N Educat:ion:
Experience

Analysns P=r1 ormed: e

T . _‘;
"' Experience: " | ' N
,%;- Analyses Performed: R ’ : e
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3. SUMMARY OF PERSONNEL | - (
a. Do the personnel as:;igned to this project have appropriate .
educational background and experience to successfully fulfill this:. - ¥
contract? Explain., ="
N ;\,;m b. - 1s the Laboraxtory ad<=quately staffed to meet time- requi: ement.yo 1€

- the- contract"

'Lf,r

4o s . -y .

: Were pert: Lnent personnel avallable foz intervies durmq the
. 1‘ spect:10n”~ ' R ST

SEw lu:e training programs. in.effect to keep analysts

*1-‘ [

mstrunentatmn, proc'edux:es and quality control?
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4. (SAMPLING:- T e

a. Does thw> ccmtract soe>c1fy sampling by the ]aborcaxtory"
L “\‘: LGN - :’( o
VTS e " o
aﬁ‘;:b “What - samplmg methods are beingw used? pat:hey
‘ 161cat1ons'> . s

: A

N o

g EEER T A
k.&,},,; Aref b] imd du_plicate -and. spl.ke‘“samples g:repared
' laborat:or manal ym ;? Are Eield blanks used?

e I
a,., B

o Are,“. S, haln-ﬁf—c-ustody procedures being’ followed Lf this is : k
reqmrecl in the contract? ;

m. Othet conmants regardmg samplmg X
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5 SAMPLB RECE =3 AT‘ THE LABORATORY

: If any- analvses are to be subcontracted to another laboratory a
- separate;site nm‘poct“lon is required to evaluate the subcontractor's
_‘ capablhtles.

. N ﬂw" -" - by 44
; Are wr Li:te.n procedures;;develiipedu foru rme{pt anci storage ot'
é.amples"f Arge; _they{fav-allab_]‘.ef X T

‘ *

a,ch.nn of éuétodynfom<
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pea:\:manenlt logbook mainta;ned"’ Are rec:ord‘s Meptt“i‘_ ink? .
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LABORA’IORY FN ILI'I‘IES

)‘-é'n-ﬂw g . « -

\;-ta“'*" Is the laloorat'ory mambamed in a.clean md, eflement mzmner7

Does f he»Lahoratory have suﬁmeent fune!. ocrd«~ ?
vr bl :;-I'iﬁ‘- v . '

"'z"'

T Qe g Does. the l.abm:atory have safe
" slmaers, sp111 *‘ont:rol klts, etc? :

PRPSER

2 .»ﬁ& e~ Are*labor 1tory operatlons adequartel 3

e d

P contammaxtlon*'

ge.

.A.“‘” &
avaﬂa.ble? I" it checked for gmuty"

alsdiprovecly seqreif:‘;
ki

e

¢sxz;uate§ chanical':{étorag' avaxlabler mcludmgzi

Bk

1. Is volumetric glassware- of claq& W qua?l.i..t??

m. Are instractions for glassware cleaning posted near the wash - N
area? o

n. 1Is provision made for standards storage?  Inorganics
Organics, refrigerated .

0. Other comments regarding facilities




: " a. What type of analytical balances are in use? Are they ]mcaated
. on vibration-free surfaces away from drafts? L

: PSR s .o R
a - o .

b. :‘Are balances checked routmely w1th c”la s S weights and’,
recorded m a loqlx)ok.. '
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\'r"’u\w ’Mw

J At

3-8

hENN

g
' e




- ' T T T T B 1110-223097
‘ | P S Feb 88
: - L : : ' o ‘

. Are instruments adequate for the anély.s >S5 to be per formed?

- - . . N
R S TS

R

Ha;\re any of the instruments been modified in any way?  How?

Y

manufacturers operating manuals readi
: I, b RN I

Y. avai
L2 NS M STy NI ) : S

" - - ~ “_‘t\:‘_}_ :._‘, a‘:‘{ ,"u,;f' .L:':'i‘»."‘ g - ‘ . _‘: L . ."‘
ls”available- to-'the' operator?

7 we LTSt Lo Y T e e '_': - ‘ e waiy
R g‘ i. 'Are calibration results maintained in a permanent recorc

"Are instrurents:under service contract?::Which- ones?

- Are permanant service records available?

- 1. Are instrunents prop)erly vented?
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control’ manuel ?
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k. Does the laboratory routinely run standard reference materialg =7 ‘a7
to evaluate analytical performance? Are these results documnented? St

1. Are data calculations checked by a second person?

m. Are-recoveries of organic surrogates docurented?

. n. Are tuning records maintained for gas chromatograph/mass
gpectrometers?
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Table 1- List of

Nonmetal Inorganic Test Procedures

Reference (Method No. or page)

Ref 1 Ref 2 Ref 6
Parameter Media EPA 1979 SW-846 Std Meth Other

1. Acidity Water 305.1
2. Alkalinity Water 310.2
3. Ammonia-N Water 350.1
4. BOD Water 507
5. Cation Exchange Ref 5,

Capacity Soil p 3-20
6. COD Water 410.4
7. COD, Sediment Ref 8,

p 54

8. Chloride Water 325.2
9. Cyanide Water 335.3
10. CN amenable Water 335.1 &

to Cl 335.3
11. Hardness Water 130.1
12. Kjeldahl N Water 351.2
13. Nitrate- Water 353.2

Nitrite-N
14. Nitrite-N Water 353.2 Ref 5,

p 3-163
15. 0il & Grease Water 413.1
16. TOC Water 505C
& Sed

17. Phenols, tot Water 420.2
18. Phosphorus, Water 365.4

total
19. Othophosphate Water 365.1
20. Total solids Water 160.3 209A

Dried 103-105°¢C
Soil, Sed 209F

D-2



21. Total Dissolved Water 160.1 209B
Solids Dried

180°c
22. Total Suspended Water 160.2 209¢C
Dried 103-105°C
- 23. Settleable Water 160.5 209E
solids
24. Total Volatile Water 160.4 209D
Solids
25. Sulfate Water 375.2
26. Sulfide Water 376.2
27. Elutriate test Ref S
sediments, std p 2-28
28. Elutriate test Ref 9

sed, modified

29. EP Toxicity Liquid 1310
& Solid



Table 2 Analytical Procedures for Metals

Ref 1 Ref 2 Routine Meth
Parameter Media EPA-1979 SW-846 Other Det. limits
1. Digest for Water 3005
tot rec met
2. Digest for Water 3010
tot metals
3. Digest for Water 3020
Metals~GFAA
4. Digest for Sed., Soil 3050
Metals & Sludge
5. Simultaneous Ref 7,
anal by DCP D4190-82
5a. Simultaneous 200.7 6010
anal by ICP
6. Aluminum, DCP Ibid 30ug/1
ICp 200.7 6010 100ug/1
7. Antimony, DCP Ibid
ICP 200.7 6010
8. Antimony, GFAA 204.2 7041 5ug/1
9. Arsenic,GFAA 206.2 7060 5ug/1
10. Arsenic,hydride 206.3 7061 5ug/1
11. Barium,AA 208.1 7080 100ug/1
12. Barium,GFAA 208.2 2ug/1
13. Barium, DCP Ref 7, 10ug/1
Iicp 200.7 6010 D4190-82 sug/1
14. Beryllium, DCP Ibid Sug/L
ICp 200.7 6010 Sug/L
15. Boron, DCP Ibid 10ug/1
icp 200.7 6010
16. Cadmium, DCP Ibid 20ug/L
Icp 200.7 6010 20ug/1
17. Cadmium, GFAA 213.2 7131 0.lug/1



18.

19

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Calcium, DCP
ICP

Calcium, AA

Chromium, DCP
ICP

Chromium, GFAA
Chromium VI

Cobalt, DCP
Icp

Cobalt, GFAA

Copper, DCP
ICP

Copper, GFAA

Iron, DCP
Icp

Iron,AA
Iron, GFAA

Lead, DCP
ICP

Lead, GFAA

Magnesium, DCP?
ICcrp

Magnesium, AA

Manganese, DCP
ICcP

Manganese, AA

200.7 6010

215.1 7140

200.7 6010

218.2 7191

218.4 7197
200.7 6010
219.2 7201
200.7 6010
220.2

200.7 6010

236.1 7380

236.2 7381
200.7 6010
239.2 7421
200.7 6010

242.1 7450

200.7 6010

243.1 7460

Manganese, GFAA 243.2
Mercury, Cold Water 245.1 7470
Vapor Sed. 245.5 7471
Molydenum, DCP

ICP 200.7 6010
Molydenum, GFAA 246.2 7481

D—s

Ibid

Ibid

Ibid

Ibid

Ibid

Ibid

Ibid

Ibid

Ibid

100ug/1
200ug/1l

20ug/1
20ug/1

lug/1
10ug/1

30ug/1
50ug/1

lug/1

30ug/1
20ug/1

lug/1

30ug/1
30ug/1

30ug/1
lug/1

200ug/1
100ug/1

lug/1

30ug/1
30ug/1

30ug/1
l10ug/1

lug/1

0.2ug/1
0.2ug/g

50ug/1
30ug/1

lug/1



40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

550

56‘

57.

58.

59.

Nickel, DCP
ICcp

Nickel,GFAA

Potassium, DCP
ICP

Potassium, AA

Selenium, GFAA

Selenium,Hydride

Silver, DCP
ICP

Silver, GFAA

Sodium, DCP
ICP

Sodium, AA

Thallium, DCP
ICP

Thallium, GFAA
Tin, DCP
Tin, GFAA
Titanium, GFAA

vanadium, DCP
Icp

Vanadium, GFAA

Zinc, DCP
ICP

Zinc, GFAA

Silicon, DCP

200.7

249.2

200.7

258.1

270.2

270.3

200.7

272.1

200.7

273.1

200.7

279.2

282.2

283.2

200.7

286.2

200.7

289.2

6010

6010

7610

7740

7741

6010

7761

6010

7770

6010

7841

6010

7911

6010

Ibid

Ibid

Ibid

Ibid

Ibid

Ibid

Ibid

Ibid

Ibid

30ug/1
20ug/1

lug/1

100ug/1

10ug/1
5ug/1
5ug/1

30ug/1
20ug/1

lug/1

100ug/1
100ug/1

Sug/1

30ug/1
30ug/1

lug/1
50ug/1
5ug/1
10ug/1

20ug/1
20ug/1

5ug/1

30ug/1
10ug/1

5ug/1

100ug/1



Table 3.

Organic Procedures

Reference
Parameter Media Ref 4 Ref 2 Ref 6
Fed Reg 1984 SW~-846 Std Meth
1. Soxhlet Ex- Soil & 3540
traction Sed.
2. Sep funnel Water 3510
Lig-Liq extr Soluble
3. Purge & trap 5030
Prep-GC
4. Sonication Soil, Tissue 3550
Extraction & Sed.
5. Florisil Pest, PCB, 3620
Cleanup & ClHC
6. Silica Gel PAH 3630
Cleanup
7. Sulfur Sed. 3660
Cleanup
8. Volatile Water 624
Organics Water & 8260
S0lid Ext.
9. Semivol. Water 625
Organics (BNA) Water & 8270
Solid Ext.
10. Cl-Pest & PCBs Water 608
Water & 8080
Solid Ext.
11. Polynuclear Water 610
Aromatic HC Water & 9100
' Solid Ext
12. Organophos Water & 8140 509A
Pesticides Solid ext.
13. Chlorinated Wwater & 8150 S09B
Herbicides Solid Ext.

Other Methods as Requested Such as Hydrazine, Nitrosocamines, & TNT
Detection limits for organic analysis are typically those given for

the methods. They are, however, subject to matrix interferences and
may be higher depending on the nature of the interference.

D—7
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value 2.44 used in the cquation in Sectien
8.3.3 is two times the value 1.22 denived in
this report.) -

11. ASTM Annual Book of Standards. Part
31. D3370-76. “Standard Practices for
Sampling Water,” American Society for
Testing and Materials, Philadelphia.

12. “Methods 330.4 (Titrimetric. DPD-FAS)
and 330.5 (Spectrophotometric, DPD) for
Chlorine. Total Residual.” Methods for
Chemical Analysis of Waler and Wastes.
EPA-600/4-79-020. U.S. Environmental
Protection Agency. Environmental Monitoring
and Support Laboratory. Cincinnati, Ohio
45268, March 1979.

13. Goerlitz, D.F., and Law. LM. Bulletin
for Environmentel Contamination and
Taxicology. 6, 9 (1971).

14. “Manual of Analytical Methods for the
Analysis of Pesticides in Human and
Environmental Samples.” EPA-600/8-80-038,
U.S. Environmental Protection Agency,
Health Effects Research Labgratory,
Research Triangle Park, North Carolina.

15. Burke. .A. “Gas Chromatography for
Pesticide Residue Analysis: Some Practical
Aspects,” Journal of the Association of
Official Analvtical Chemists, 48, 1037 (1465).

16. Webb, R.G.. and McCall, A.C.
“Quantitative PCB Standards for Election
Capture Gas Chromatography,” fournal ¢f
Chromatographic Science. 11, 366 [1973).

17. “Method Detection Limit and Analytical
Curve Studies, EPA Methods 606, 607, and
608" Special letter report for EPA Contract
68-03-2606, U.S. Environmental Protection
Agency, Environmental Monitoring and
Support Laboratory, Cincinnati, Ohio 45238.

18. “EPA Method Validation Study 18.
Method 608 (Organochlorine Pesticides and
PCBs)," Report for EPA Contract 68-03-2606
(In preparation).

TABLE 1.—CHROMATOGRAPHIC CONDITIONS
AND METHOD DETECTION LIMITS

TasLe 1. —CHROMATOGRAPHIC CONDITIONS
AND METHOO OctecTion Limits—Contitued

Netentian ume Liethoa
imn) detec.
Parameter - hon
- : . e
L et Cot 2 (ugeL)
PCB-1242 .. P me 065
PCB-1248 nr mr nd
PCB-1254 o~ - nd
PCB-1260 .. e mr g

Column 1 concitions: Supeicoport {100/ 120 mesn) coated
with 1.5% SP-2250/1.95% SP-2401 cacked rn a t+ @ m long
~v 4 mm 0 glass coumn with 5% methanes95% argon
camec qas at 60 mi/awn tiow rate. Colsmn temperature Nekd
sothermal at 200 “C, except lor PCB-1016 through PCB-
1248, shoukt be measwred at 160 °C

Column 2 condibons: {100/120 mesh) coated
with 3% OV-\ pached n 2 18 miong « 4 mm 10 glass
column with 5% methane/95% argon carmer gas at 60 my/
men fiow rate. Column heid At 200 °C
for the pesuciies: at 140 °C tor PCE-1221 and 1232; ang at
170 'C for PCB-1016 and 1242 10 1268.

av = Muitiple peak response. See Figures 2 thru 10,

nd =Nt deternvned.

Taglte 2.—DISTRBUTION OF CHLORINATED
PESTICIDES aND PCBS iNTO FLorisit Cou-
UMN FRACTIONS 2

i Percent recovery by fracon *
: 1 2 ' 3
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TaBLE 3. —GC AT RTANCE CRITERIA—
METHOO 64— .ontnueo

¢ v Lanyg .
Parameter ‘f"':': P ; :;:‘ *© :—;.-mu.
‘\‘ WYY tun. i EARI

4ae-007T ... .. 1 & 46-137  2¢.14
Curigton. . 29 TTH 1152284 Gurzs
Zadasufan i 0 C 1.V 14-282  35.1%3
Cngosultan . 0 31 22471 S-enz
Endosuttan Sultate.. " 7 38-132. 26.14e
Engra . n 17 S1-126  30-147
Heptach 20. 140 .086-200 34-11°
HeolaChior epoxda 20 D4y 113-26) 37-142
Toxaphene ... 50 127 278556 41.12%
PCB-1016. 50 100 3505-515% %0-112
PCE.1221 G . 2448 221-7%2 15.172
PCB-1232 <C 179 '140-985  :0-2°%
PCB-1242. 30 122 248-6%6 39-1%0
PCB-1248. <0 159 280-7C2. 38-1%e
PCB-1254 £0 138 '222-579 [9-131
PCB-1260 L S0 ! 104 -187.549; B-127

s=Starndard deviation of four y n
#g/L (Secuon 8.2 4. :

X = A y for four 4 .-

ug/L. (Sectan 8.2.4),
o P_z‘:’,-P«cuu tecovery measwed (Section 8 32, Secuon

A2).

0= Detected: result must be greater than zero.

Note.~These crtena are based dectly upon the methoo
derormance data m Table 4. Where necessacy. the Wit for
recovery have been b W0 assUre 8pp vy of the
:mbcwm;mummuud\om Tabe

TABLE 4. METHOD ACCURACY AND PRECISION
AS FUNCTIONS OF CONCENTRATION—METH-
00 608

! Retention time | Mathod
! (men) datec-
P b on
! Lirowt
. Col. ¥ Col. 2 PCB-1260 ..o b T8 SOOI SO,
i Lo/l i
* Elsant composition:
135 182 1003 Fraction 1-6% ethyl ether in hexana.
1.70 213 3.00 Fraction 2-15% ethyl ether in hexana.
1.80 1.97 0.00 Fraction 3-50% ethyl ether in hexane.
200 335 0.003
g—lg f-fg gg TABLE 3.—QC ACCEPTANCE CRITERIA—
3s0( soa| ooe3 MeTHoD 608
4.50 6.20 0.014
5.13 7.5 £.004 Test .
Limnit Ra fa
5';5 7“':’3 0\.002 Parameter ‘;z"‘; for s o0 for ¥,
6551 e10) 00§ 9 Jwets | gty | P
783 908 co11 -
8.00 8.28 0.004
9.40 175 0012 20| C4e21108-224] 42-122
11.82 9.30 0023 20 048! 98-2.441 3I7-134
14.22 10.70 0066 20 0.64 {0.78-260| 17-147
v [ 0014 20| 0721101-237] 19-140
Taxaphene L mr a24 20 0.46 |086-232{ 32-127
PCB-1016. n o nd S0 100 }27.6-54.3| 45-119
PCB-1221. or mr nd 10 28 | 48-128| 31-141
PCH-1232. mt mr nd 20 0.55 11.08-2.601 30-145

. | Accwracy,es | SO oo,
i y. X' 2 wm oreason, §
i wg/L) ‘: s WL’ (sg/l)

0.81C+0.04 | 0.16% ~0.04 | 0.20% ~0.01
0.84C40.03 : 0.13R+-0.04 } 0.23% ~0.00
| 081C+007 { 022%-002 1033095
0.81C+0.07 | 0.18%X+0.09 | 0.25X +0.03
082C-005 | 0.128+-0.06 F 0.22X+-0.04
0.82C--004 | 0.13%+0.13 | 0.18% +0.18
0.84C+030 1 0.208~0.18 : 0.27%-0.14
| 0.85C4+0.14 | 0.43%40.06 1 0.28%-0.09
0.93C-0.13 | 0.178 4039 ! 0.31%-0.21
0.90C+0.02 | 0.12R 4019 | 0.46% +0.16
0.97C40.04 { 0.10R +0.07 | 0.18%+-0.08
0.83C+0.34 | 0.41X-065 | 047X -020

0.13%+033 | 0.24% 4035
0.20% +0.25 | 0.24% +.0.25
0.06%+0.13 | 0.16X+0.08

0.89C-0237
0.89C-0.04
0.69C+.0.04

0.18%-0.11
009X +3.20
0.13K+0.15
0.29%-0.76

0.89C +0.10
0.80C +1.74
0.81C+0.50
0.96C +0.65
091C+10.79 1 0.21%-193
0.93C+0.70 | 0.11%+ 1.40
0.97C+1.06 | 0.17% +0.41
0.76C+2.07 | 0.15X + 166
0.66C +3.76 !o.zzx—z.ar

0.25% -0.08
0208 +0.22
0.15%+0.45
0.35%-0.62
031X +3.50
0.21%+1.52
0.25%X ~0.37
017Kk <3.62
0.39X - 4 86

X' = Expected racovery 10r One or Mmare measurements of a
sample contarng 4 concentrauon of C. i ugsL.

s, = Expected sngle anatyst standard dewiatan of meas-
wemants at an average concentraton found of X, 1 ug/L

S=E d interiab Y o N of meas-
urements at an average concentrabon tound of X, v ug/L.

C=True vaiue for the concentraton, i ug/L.

X = Average recovery lound tor measwements of samples
coniaswng a concentration of C, n g/l
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from the EICP of the primary charactenistic
m/z given in Table 4. I the samp.e produces
an interference for the primary m/z. use a
secondary charactenistic m/z to quantitate.

Calculate the concentration in the sample
using the response faclor (RF) determined in
Section 7.3.3 and Equation 2.

Equation 2.

{A(Cul

{AWXRF)

Concentration (ug/L)=

where:

As=Area of the characteristic m/z for the
parameter or surrogate standard to be
measured.

A, =Area of the characteristic m/z {or the
internal standard.

C,, =Concentration of the internai
standard.

13.2 Report results in pg/L without
correction for recovery data. All QC data
obtained should be reported with the sample
results.

14. Method Performance

14.1 The method detection limit {MDL) is
defined as the minimum concentration of a
substance that can be measured and reported
with 99% confidence that the value is above
zero.* The MDL concentrations listed in Table
1 were obtained using reagent water."!
Similar results were achieved using
representative wastewaters. The MDL
actually achieved in a given analysis will
vary depending on instrument sensitivity and
matrix effects.

14.2 This method was tested by 15
laboratories using reagent water, drinking
water, surface water, and industrial
wastewaters spiked at six concentrations
over the range 5-600 pg/L." Single operator
precision, overall precision. and method
accuracy were found to be directly related to
the concentration of the parameter and
essentially independent of the saraple matrix.
Linear equations to describe these
relationships are presented in Table 5.
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TABLE 1.—CHROMATOGRAPHIC CONDITIONS
AND METHOO DETECTION LiMITS

Aetention | detection
L t
Parameter tima (min) | fmit (ug/
L
Chi e 23 nd
Br h KR nd
Vieyl ChIONAD ...o..ovreeeoeee e 38 nd
Cni 45 nd
Methylene chlonde............cooeu.ee 64 28
i - 83 nd
i 90 28
1.1-Oichloroethane ... 10.1 47
trans-1.2-Dichloroethene 108 16
Chioratorm ............... | 1.4 16
1,2-Dichioroathane .. - 121 28
1.1.1-Tric | 134 38
Carbon tetrachionde ... ‘I 13.7 28
Bromodichioromethane .. H 143 22
1,2-Dichloroproane..... + 15.7 T 60
cis-1.3-Dchioropropene . - 159 50
Trichlor ! 165 19
BeNZeNe .............cooeeonn... - 17.0 44
Oibromochioromethane . i 174 31
1.1.2-Trichioroathana....... i 17.2 5.0
trans- 1,3-Ouchiboropropene 172 o~
2.Chioroethytviniyl ether. 18.6 nd
Bromoform .. ... 1381 47
1.1,2.2-Tetrachioroethane .. 2211 69
Tetrachioroethene ... 222 49

b-7

TABLE 1.—CHROMATOGRAPHIC COnZITIONS
AND METHOOD DETECTION LiMIT5—C 2 tinyeg

X Methon
Patameter | Retenton  cotecion

LU (el et g/

(W]

Tolvene... .. . 23¢ L34
Chiorobenzene 246 57
Ethyl benzene . . 54 7:
1.3-Ochiorobenzene . 339 re
1 2-Ochioropenzene .. ... $ 356G -v;
1.4-Onchiorobenzene .. ... ... ... 354 =3

Colurmn conatons: Carbopak 8 (80/80 mesh: ~cated win
172 SP-1000 packed n 3 & #t by 0.1 w. 10 gass olmn wan
ha«u:;u camc: :::s'at go mL/rwn flow sate. Coivrn tempera.
we at 45°C for 3 aun, then programmed a: v
220°C and heid tor 15 mn. ¥ 8°C/mn

nd = not determned.

TasLe 2.—BFB KeY M/Z ABUNDANCE CRITERIA

T
Mass { MIT Abundance cntena
50 _f 15 t0 40% of mass 95.
75 + 30 10 60% of mass 95.
95 Base Peak, 10C% Relatrve
. Atungarce.
86..... 4 510 9% of mass 35,

- € 2% of mass 174

175, S 10 9% of mass 174

176 >H5% but < G of mass
174.

177 510 9% of mass 176

TABLE 3.—SUGGESTED SURROGATE AND
INTERNAL STANDARDS

mr . masses

84 i

3 1 951 174,176

1.2-Oi hane d-4 120 0 102 b
1, 4-Difiucrobenzene. ey 196 | 114! 63, 88
Ethylh o5 264 ¢ VY
Ethyib 10 264 . 98 ...
Fi 184 | 961 n
F 238 ) 168 i
8 93 | 281 49,130, 51
2-8romo-1-chioropropane......... 192 | 79, 156
1, S— T R Y 0. 92

*For chr hi diti see Table 1.

TABLE 4. —CHARACTERISTIC MASSES FOR

PURGEABLE ORGANICS
Pa. |

Parameter mary | Secondary
Chio 50 | 52
8rom 94 1 96.
VIO CIHONGO ..o remnscanmennesinns 62 ! 64.
Ché th 64 66.
Mathylens chionde ...............{ 84 1 49, 51, and 86
T { 10t . 103
1.1-Dichloroethene ... . 96! 61 angd 98,
1.1-Dichioroethane .. 63 ' 65, 83. 8S, 96,

| ang 100,
trans-1.2-Dichloroethene ... 96 ! 61 and 986,
Chioratorm | 83 ¢8s.
1.2-Oschioroethana ... & 98 . 62, 64, and 100
1.1, 1-Trichiorosthane .. ] 97 099, 17 and
i 119,

Carbon tletrachionde........ i + 119 and 121,
Bromodichioromethanae 1 8], 85, and 129.
1.2-Ochloropropana ... : 63, 65. and 114
trans-1,3-Oichioropr ‘77
Tochic hene .. 195, 97, and 132
Bonzene.............. ... '
Owromachioromethane ... €129, 208. and

97 - 83, 85,99, 132,
and 134

cis-1.3-Ochloroosopene .. ... T§ 77

2. Chicroethytvnyt ethec 63 and 65

1.1.2-Trichioroethane



158

e phod

625 LeYeckTon Aszféf

be obtained only (rom a properly equipped
laboratory through the use of EPA Method
613 or other approved alternate tes!
procedures.
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TasLE l.-—BA‘SE/NEUTRAL EXTRACTABLES

Parametes STORET CAS No.

No.
Acenap 34205 83-32-3
Acenaphthyt 34200 208-96-8
A 34220 120-12-7
Aldnin. 39330 309-00-2
8 34526 £6-55-3
] ene 34230 205-99-2
34242 207-08-9
34247 50-32-8
34521 191-24-2
34292 85-68-7
B-8HC 39338 319-85-7
&8HC 34259 319-86-8
Bis(2 Aleth 34273 111444
Bis(2 y)methane 34278 111-81-1
Bis(2-ethy {)phth 39100 117-81-7
Bis(2 pyhreth 34283 108-60-1
4-Bromophenyt phenyl sther.........| 34636 101-55-3
Ch 39350 57-74-9
34581 91-58-7
34641 7005-72-3
. 34320 216-01-9
4.4°-00D 39310 72-54-8
4.4'-DDE 39320 72-55-9
4.4°-00T7 39300 50-29-3
Di it 34556 53-70-3
Oi-n-butylphth 39110 B4-74-2
1,3-Dichiorob 34566 541-73-1
1,2-Db b 34536 95-50-1
1.4-Di b 34571 106-46-7
3.9-Dich b 34631 91-94-1
Dhetdrin 39380 60-57-1
Diethwi p 34336 84-66-2
Dimethyl pt 34341 131-11-3
2.4-Dini one 34611 121-14-2
2,6-Din 34626 606-20-2
Di-n-octyip! 34596 117-84-0
Endosulfan suttate 34351 1031-07-8
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TABLE 1. —ZASE/NEUTHAL EXTRACTABLES —

Conunued
Pitameter El rg:u' ©25 No.

————

Endnn aldebyoe . TAN6R - TE21-93-4
34176 b P

24781 ¢ 6-713-7

4G 76-44-8

40420 ¢ "124-57-3

39700 . 113741

243N a7-68-1

74396 | 27-72-1

34403 ' “93.39-5

34408 "8-59-1

4696 . 91.20-3

34447 98-95.19

34420 1 321.64-7

4671 12574-11-2

5488 i 17104-28-2
39492 ; 11141.16-5
39496 | $3459-21-9
39500 1 12672-29-6
38504 | 11097691
39508 | 11096-82-5

344611 85-01-8

34469 ¢ 129-00-0

38400 ¢ 8001-35-2

34551 | 120-82-1

TABLE 2.-~ACID EXTRACTABLES
Parameter : STSEET LAS No.

4-Chioro-3-methylo 34452 | §9-50-7
2.Ch 345861 95-57-8
240 P 1 34601 120-83-2
2,4-Dimethwiph i J4606 |  105-67-9
2.4-Dinitrop 34616 1 $1-28-§
2-Methyt-4,.6-dindrophenot....._._. i 34657 | 534-§2-1
2-Nitrog 34591 ! sa-75-5
4-Nitropt j 34646 |  100-02-7
; ;390321 87-86-5
fhenol i 346941 108-95.2
2.4,6-Trich ; 88-06-2

34621 !

TABLE 3.—ADDITIONAL EXTRACTABLE

PARAMETERS *
B 39120 9247-5{ 605
39337 | 3198461 608
- 39340 58-89-81 608
1343611 953.98-8! 608
: 34356 | 33213-65-9 1 608
: 39390 72-20-8} 608
: 34386 77-47-4| €12
| 34438 62-75-91 ea7
34433 86-30-8 | 607

TasLE 4.—CHROMATOGRAPHIC CONDITIONS, METHOD DETECTION LiMiTS, AND CHARACTERISTIC MASSES FOR BASE/NEUTRAL EXTRACTABLES

Characteristic masses
Reten- Method . .
farameter tion time ﬁgg"‘ﬁ;‘ Eiectron impact Chemical ionizanon
OF | W9/ | prmgry | S00on0- i Sacond | Metn | Met | Mem.
ary “ ay ane ane ane
1

1.3-Di 74 19 146 148 | 13 146 148 | 150
1.4-Dichiorobenzens ....... 78 44 146 148 § 13 146 148 | 150
H oethane 8.4 16 117 201 § 199 199 201 ! 203
Bis(2-chioroathyl) ether 8.4 5.7 93 63| 951 63 107 | 109
1.2-Dichlorobenzene ......... 84 19 146 148 | "3 146 148 i 150
Bis(2-chiororsopropyl) ether 9.3 57 a5 77! 79 7”7 135 137
N-Nitrosodi-n-propylanwne.... . . 130 42 01 ;

Nitsab 111 19 1 123} 65 124 152 | 164
Hexachiorobutadiena ............... 1 114 09 225 223 227 223 225 | 227
1.2.4-Teict v | us 19 180 1821 145 181 183l 209
1sophorone : 19 22 82 95 | 138 | 139 | 167 | 178
Naptihalene i 129 16 128 | 129 1 127 ) 1290 157§ 169
Bi8{2-CPUOFOBLNIONY) FUOMRANG ..........eoeevoevees e reesssams oeees e ssss s s enst oo o 12.2 $3] 93 95 ! 123 | 65 ; 07! 137
Haxachlorocyclopentadne * | 13.9 { o] 237 235 . 272 | 23s 237 239
2.Chioronaphthalene i 1591 19| 162 164 | 127 163 | il 203
Acenaphthyiena i 174§ asi 152 1514 153 1 152 1 153 181

D-0
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TasLE 4.—CHROMATOGRAPHIC CONDITIONS, METHOD DETECTION LIMITS, AND CHARACTERISTIC MASSES FOR BASE/NFEUTRAL E4 TRACTANBLE

Continued
L uafarlen',hc masses
Anten.  Method 1o - it e e e - ——
Carameler uon tme ‘lgﬁlic";l . . .eclron -moacl . R f:mc al mmm?n —
IR0 . Socond- Second-  theth. Mo . pee
ary uly Ble-d AN - e
178 vy 154 153 . 162 - 14 . 155 , *z3
83 16 153 194 : 1954 i3 93, =
87 191 165 ag | 121! 143 2n 23
96 19. 166 i 165 . 167 1 166 187 3
195! 42 204 : 106 | L L T SO L
198 57 %5 63 i 132 ¢ 183 214 23
201 16 149 « 177 150 ; 77 23 =1
205 | 191 169 . 168 1 167 ' 169 170 “39
210 19! 284 1421 249 284 i 296 1 238
211 L 183 . 181 - TR L e e
202 19! 248 : 141 249 251 7
224 ¢ 183 ; 181 109 Q... . -
2281 5.4 | 178 1 179 ) 176 ; 178 | 1791 P74
228§ 191 178 . 179 ¢ 176 | 179 ¢ 179 o7
234 42 181 ¢ 183§ 09 .
234 9] 10y 2724 274l . -
27 31! 183 | 109 | 181 | !
240! 19| 66 | 263 { 220 | ,
247 251 149 | 150 | 104 ° 149 205 i 279
256, 22 353 i 355 a5 | ;
264 . 274 338 | 341
265 : 22! 2021 101! 100 | 203 ¢ 234 243
2724 251 3¢ 263! 2191 . e
272! 56 | 246 1 248 | 176 | .
273 19 202 : 101 ¢ 100 : 203 2311 243
219 81 263 1 82 : :
286! 237 - 339 ¢ 341
44000 . 286 ¢ 28 2351 237 | 165 1 :
o 288 ! e 184 1 92 | 185 185 : 213 5
44007 i 293¢ 47 235, 237 165 | .
EnGOSUNRN SUNEI®. oo oo ' 298! S6 | 272} 387 | 422 ¢
Endrn yo = : i : 67 ¢ 345 250 ;
: 299 ! 25 149 1 91 206 i 149 | 299 i 327
%mm' | 0 251 1491 167 ‘ 2790 149 Lot
Ciey i s 25 228 i 226 229 | 22,1 229 57
by Sartheacone N 78 228 229 226 | 228! 229 4 257
230 i 322 : 125 i 252 'l 254 126 | a
Dinvoct | .S | LN 149 ; ; ’
Be e ! 349 48| 252 253 125 | 252 253 i o 31
a i i 349 | 251 2521 253 125 1 252 253 | 291
4 | 364 25 2521 253 125 } 252 253 281
1.2 3.0y ;4271 37 276 ¢ 138 27t 276 | 05
O " 432 25 278 ¢ 139 219 278 279 | 307
Benzoighiperyiena 451 § 4 276 | 138 217! 276 217 305
NN inethl . i 421 74 44
e . i 19-30 | 373 | 375 ar? i
T N | 253 Ioosa| 231 239 it
£CA 1016 18-30 § 224 260 294 ‘
POR 1221° 15-30 1 30 190 | 224 260 H !
PCB 1232° 15-32 4 190 | 224 260 ; ;
BCB 1242° 15-32 224 260 | 294 i
PCB 1248° 12-34 284 330 262 :
PCB 1254" 22-34 36 254 | 330 362 :
PCB 1260* 23-32 330 | 362 394 i H

“ Sea Section 1.2
* These compounds are mixiures of vanous isomers. {See tiqures 2 they 12.)

Colamn condmons. Suoecopon {100/120 mesh) coated with 3% SP-2250 packed n a 18 m long X 2mm 10 glass column with helium camier gas at 30 mbi/min flow rate. Column
alSO'C!admm then programmed at 8 “C/mwn to 270 *C and heid for 30 mn,

TABLE 5.—~CHROMATOGRAPHIC CONDITIONS, METHOD DETECTION LIMITS, AND CHARACTERISTIC MASSES FOR ACID EXTRACTABLES

T

i

Charactenstc masses

1 Method -
Parameter ; 12:‘::1; | ‘Oelicm“ Election Impact i Chemical m'zf_’f'l —

[ ™™ 50/ | prary | Sec0nd- | Second: | Met | Math | Met

I i v | ! ary | ane | ame | ane

I 3 i I T

2-Chicrophendl ......... ....... 59 33| 128 | 64 130 ] 129 1 131t 157
85 | 361 139 | 65 109 | 140 1 168 ¢ 122
8.0 15} 94 65 66 | 95 | 123 | 135
94 | 27| 122 ¢ 107 | 2 123 151 ¢ 163
;o 98l 27  e2) e 8, 163 1651 167
2.4.6-Trchiorophenod ... 118 27! 196 1 196 | 200 | 197 | 199 & N
4-Chiorg-3-methwiphenot . 132} 0l 142 | 107 | 144 143 1 171 183
2.4-DHOHPOONENON ..o ot 15.9 4 42 184 | 61 | 154 | 185 213 225
2-Methyl-4. G-dnmuoohenol ................ 162 24 | 198 | 182 | 17 199 | 227 239
Pentachtorophenoi 175 36| 266 | 264 | 268 1 267 ! 265 69
A-Nitrophenot ... 203, 24 65 | 139 | 109 . 1490 3 168 - 122

Column conations: Supeicopon (1007120 meshi coated with 1% SP-12400A packed n a 18 m jong x 2mm 1D glass column wilh hehum camer gas at JO mL/min tlow rate Cotumn
temperature reld rsotnermal at 70 ‘C for 2 mun then programmed at 8 “C/mm 1o 200 “C.

D- 11
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Tarcet Compound List TCL) and
Contract Required Nuantitation Limits (CROL)*

Quantitation Limits==

Water Low Soil/Sedimenc®
Volatiles CAS Number ug/L ug/¥Ke
1. Chloromethane 74-87-3 10 10
2. Bromomethane 74-83-9 10 10
3. Vinyl Chloride 75-01-4 10 10
4, Chloroethane 75-00-3 10 10
5. Methylene Chloride 75-09-2 5 5
6. Acetone 67-64-1 10 10
7. Carbon Disulfide 75-15-0 5 S
8. 1,1-Dichloroethene 75-35-4 S 5
9. 1,1-Dichloroechane 75-34-3 5 5
10. 1,2-Dichloroethene (total) 3540-59-0 S S
11. Chloroform 67-66-3 5 5
12. 1,2-Dichlorvechane 107-06-2 5 5
13. 2-Butanone 78-93-.3 10 10
14. 1,1,1-Trichlorcethane 71-55-6 5 5
15. Carbon Tetruchloride 56-23-5 5 5
16. Vinyl Acetate 108-05-4 10 10
17. Bromodichloromethane 75-27-4 5 S
18. 1,2-Dichloropropane 78-87-5 S S
19. cis-1,3-Dichloropropene 10061-01-5 5 5
20. Trichloroethene 76-01-6 5 5
21. Dibromochloromethane 124-48-1 5 5
22. 1,1,2-Trichloroethane 79-00-5 5 5
23. Benzene 71-43-2 5 5
24. trans-1,3-Dichloropropene 10061-02-6 S 5
25. Bromoform - 75-25-2 S 5
26. 4-Methyl-2-pentanone 108-10-1 10 10
27. 2-Hexanone 591-78-6 10 10
28. Tetrachloroethene 127-18-4 S 5
29. Toluene 108-88-3 ) S 5
30. 1,1,2,2-Tetrachloroethane 79-34-5 S .S
(continued)
Cc-2 2,88
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Quantitation Limitswed

Water Low Soil/Sediment®
Volatiles ' CAS Number ug /L ug/¥e
31. Chlorobenzene 108-90-7 5 5
32. Ethyl Benzene 100-41-4 5 5
33.. Styrene 100-42-5 5 3
34 Xylenes (Total) 1330-20-7 S S
a

Medium Soil/Sediment Contract Required Quantitation Limits (CRQL) for
Volatile TCL Compounds are 125 times the individual Low Soil/Sediment
CRQL.

Specific quancitation limits are highly matrix dependent. The
quantitation limits listed herein are-provided for guidance and may not
always be achievable.

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 as required by the contract, will be
higher.

Cc-3 2/88
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Target Compound List (TCL) and

Contract Required Quantitation Limizs (CROIY*

OQuantitaction l.imics#%*

Water Low Soil/Sedimentz”
Semivolatiles CAS Number ug/L ug/Vg

35. Phenol 108-95-2 10 330
36. bis(2-Chloroethyl) ether 111-44-4 10 23
37. 2-Chlorophenol 95-57-8 10 ©330
38. 1,3-Dichlorobenzene S41-73-1 10 330
39. 1,4-Dichlorobenzene 106-46-7 10 330
40. Benzyl alcohol 100-51-6 10 330
41. 1,2-Dichlorobenzene 95-50-1 10 330
42. 2-Methylphenol 95-48-7 10 330
43. bis(2-Chloroisopropyl)

ether 108-60-1 10 330
44 . 4-Methylphenol 106-44-5 10 330
45, N-Nitroso-di-n-

dipropylamine 621-64-7 10 330
46. Hexachloroethane 67-72-1 10 330
47, Nitrobenzene 98-95-3 10 320
48. Isophorone 78-59-1 10 330
49, 2-Nitrophenol 88-75-5 10 320
50. 2,4-Dimethylphenol "105-67-9 10 330
51. Benzoic acid 65-85-0 50 1600
52. bis(2-Chloroethoxy)

methane 111-91-1 10 330
53 2,4-Dichlorophenol 120-83-2 10 330
S4. 1,2,4-Trichlorobenzene 120-82-1 10 330
55. Naphthalene 91-20-3 10 330
56. 4-Chloroaniline 106-47-8 10 330
57. Hexachlorobutadiene 87-68-3 10 330
58. 4-Chloro-3-methylphenol

(para-chloro-meta-cresol) 59-50-7 10 330
59. 2-Methylnaphthalene 91-57-6 10 330 |
60. Hexachlorocyclopentadiene 77-47-4 10 330
61. 2,4,6-Trichlorophenol 88-06-2 10 330
62. 2,4,5-Trichlorophenol 95-95-4 50 1600
63. 2-Chloronaphthalene 91-58-7 10 330
64 . 2-Nitroaniline 88-74-4 50 1600
65. Dimethylphthalate 131-11-3 10 330
66. Acenaphthylene 208-96-8 10 330
67. 2,6-Dinitrotoluens2 606-20-2 10 330
68. 3-Nitroaniline 99-09-2 50 1600
69. Acenaphthene 83-32-9 10 330
(continued)

c-4 /83
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Semivolaciles

Quantitarion Limirsw=

Jater

Low Zoii/Sedimen--

CAS Number ug /L ueg/Ka

70. 2,4-Dinitrophencl 51-28-5 S0 1600
71. 4-Nitrophenol 100-02-7 50 1600
72. Dibenzofuran 132-64-9 10 330
73. 2,4-Dinitrotoluene 121-14-2 10 33
74. Diethylphthalate 34-66-2 10 330
75. 4-Chlorophenyl-phenyl ether 7005-72-3 10 230
76. Fluorene 36-73-7 10 330
77. 4-Nitroaniline 100-01-6 50 1600
78. &4 ,6-Dinitro-2-methvlphenol 3534-52-1 50 1600
79. N-nitrosodiphenylamine 86-30-6 10 330
80. 4-Bromophenyl-phenylether 101-55-3 10 330
81. Hexachlorobenzene 118-74-1 10 330
82. Pentachlorophenol 87-86-5 50 1600
83. Phenanthrene 85-01-8 10 330
84. Anthracene 120-12-7 10 330
85. Di-n-butylphthalate 84-74-2 10 330
86. Fluoranthene 206-44-0 10 330
87. Pyrene - 129-00-0 10 330
88. Butylbenzylphthalate 85-68-7 10 330
89. 3,3'-Dichlorcbenzidine 91-94-1 20 660
90. Benzo(a)anthracene 56-55-3 10 330
91. Chrysene 218-01-9 10 330
92. bis(2-Ethylhexyl)phthalate 117-81-7 10 330

3. Di-n-octylphthalate 117-84-0 10 330
94 . Benzo(b)fluoranthene 205-99-2 10 330
95. Benzo(k)fluoranthene 207-08-9 10 330
96. Benzo(a)pyrene 50-32-8 10 330
97. Indeno(l,2,2-cd)pyrene 193-.39-5 10 330
98. Dibenz(a,h)anthracene 53-70-3 10 330
99. Benzo(g,h,i)perylene 191-24-2 10 330

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 acnievable.

Quantitation limits listed for soil/sediment are based on wet weight.
quantitation limits calculated by the laboratory for soil/sediment,
calculated oa dry weight basis as required by the contract, will be

higher.

The



Targetc Compound List (TCL) and
Contract Required Zuantitation Linmigs (7T201)*

Quantitation Llimirz%%

Yater iow Soil/Sedi=enc®
Pesticides/PCBs CAS Number ug/L wg ¥z
100. alpha-BHC 319-84-6 0.05 8.0
101. beta-BHC 319-85-7 0.05 8.0
102. delta-BHC 3119-86-8 0.05 3.C
103. gamma-BHC (Lindane) 58-89-9 0.05 8.0
104. Heptachlor 76-44-8 0.05 8.0
105. Aldrin 309-00-2 0.05 8.0
106. Heptachlor epoxide 1024-57-3 0.05 8.0
107. Endosulfan I 959-98-8 0.05 8.0
108. Dieldrin - 60-57-1 0.10 16.0
109. 4,4 -DDE 72-55-9 0.10 16.0
110. Endrin 72-20-8 0.10 16.0
111. Endosulfan II 33213-65-9 0.10 16.0
112. 4,4°-DDD 72-54-8 c.10 16.0
1123. Endosulfan sulface 1031-07-8 0.10 16.0
114, 4,4 -DDT 50-29-3 0.10 16.0
115. Methoxychlor 72-43-5 0.5 80.0
116. Endrin ketone 53494-70-5 0.10 16.0
117. alpha-Chlcrdane 5103-71-9 0.3 80.0
118. gamma-Chlcrdane S102-74-2 0.5 80.0
119. Toxaphene 8001-35-2 1.0 160.0
120. Aroclor-1016 12674-11-2 0.5 80.0
121. Aroclor-1221 11104-28-2 0.5 80.0
122. Aroclor-1232 11141-16-5 0.5 80.0
123. Aroclor-1242 53469-21-9 0.5 80.0
124 . Aroclor-1248 12672-29-6 0.5 80.0
125. Aroclor-1254 11097-69-1 1.0 160.0
126. Aroclor-1260 11096-82-5 1.0 160.0

Medium Soil/Sediment Contract Required Quantitation Limics (CRQL) for
Pesticide/PCB TCL compounds are 15 times the individual Low Soil/Sediment
CRQL.

Specific quantitation limics are highly matrix dependent. The
quantitation limits listed herein are provided for guidance and mav not
alwavs be achievable.

Quancitation limits listed for soil/sediment are based on wet weight. The
quanticaticn Limits calculated by the laboratory for soil/sediment,
calculated on dry weight basis as required by the contracr, will be
higher. '

Dol
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TABLE 1. GAS CHROMATOGRAPHY OF PESTICIDES AND PCBs?

Retention time (min) Method
Detection
Compound Col. 1 Col. 2 Timit (ug/L)
Aldrin 2.40 4,10 0.004
a-BHC 1.35 1.82 0.003
p-BHC 1.90 1.97 0.006
§-BHC 2.15 2.20 0.009
7-BHC (Lindane) 1.70 2.13 0.004
Chlordane (technical) e 0.014
4,4'-DDD 7.83 9.08 0.011
4,4'-DDE 5.13 7.15 0.004
4,4'-DDT 9.40 11.75 0.012
Dieldrin - 5.45 7.23 0.002
Endosulfan I 4.50 6.20 0.014
Endosulfan II 8.00 8.28 0.004
Endosulfan sulfate 14.22 10.79 0.066
Endrin 6.55 8.10 0.006
Endrin aldehyde 11,82 9.30 0.023
Heptachlor 2.00 3.35 0.003
Heptachlor epoxide 3.50 5.00 0.083
Methoxychlor 18.20 26.60 0.176
Toxaphene » e e 0.24
PCB-1016 e e nd
PCB-1221 e e nd
PCB-1232 e e nd
PCB-1242 e e 0.065
PCB-1248 e e nd
PCB-1254 e e nd
PCB-1260 e e nd
ay.S. _EPA. Method 617. Organochloride Pesticides and PCBs.

Environmental Monitoring and Support Laboratory, Cincinnati, Ohio 45268.

Multiple peak résponse.

e

nd

not determined.

Ve oo
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TABLE 2.

PRACTICAL QUATITATION LIMITS (PQL) FOR VOLATILE ORGANICSa

Practical
Quantitation
Limitsb

Ground water

Low Soil/Sediment

Volatiles ug/L ug/kg
Acetone 100 100
Acetonitrile 100 100
Allyl chloride 5 5
Benzene 5 5
Benzyl chloride 100 100
Bromodichloromethane 5 5
Bromoform 5 5
Bromomethane 10 10
2-Butanone 100 100
Carbon disulfide 100 100
Carbon tetrachloride 5 )
Chlorobenzene 5 5
Chlorodibromomethane 5 5
Chloroethane 10 10
2-Chloroethyl vinyl ether 10 10
Chloroform 5 5
Chloromethane 10 10
Chloroprene 5 5
1,2-Dibromo-3-chloropropane 100 100
1,2-Dibromoethane 5 .5
Dibromomethane 5 5
1,4-Dichloro-2-butene 100 100
Dichlorodifluoromethane 5 5
1,1-Dichloroethane 5 5
1,2-Dichloroethane 5 5
1,1 Dichloroethene 5 5
trans-1,2-Dichloroethene 5 5
1,2-Dichloropropane 5 5
cis-1,3-Dichloropropene 5 5
trans-1,3-Dichloropropene 5 5
tthylbenzene 5 )
Ethyl methacrylate 5 5
2-Hexanone 50 50
Isobutyl alcohol 100 100
Methacrylonitrile 100 100
Methylene chloride 5 5
Methyl iodide 5 5
Methyl methacrylate 5 50
4-Methyl-2-pentanone 50 50
Pentachloroethane 10 10

W thod
8240 - 31 Revision 1
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TABLE 2.
(Continued)

Volatiles

Practical
Quantitation
Limitsb

Ground water

Low Soil/Sediment

ug/L

ug/kg

Propionitrile

Styrene
1,1,1,2-Tetrachloroethane
1,1,2,2-Tetrachloroethane
Tetrachloroethene

Toluene
1,1,1-Trichloroethane
1,1,2-Trichloroethane
Trichloroethene
1,2,3-Trichloropropane
Vinyl acetate

Vinyl chloride

Xylene (Total)

[
[ =]
o

N
oottt n

[
o
(=]

— (Y
ooyt o,

2Sample PQLs are highly matrix-dependent.

for guidance and may not always be achieveable.
for further guidance on matrix-dependent PQLs.

The PQLs listed herein are provided
See the following information

bpoLs listed for soil/sediment are based on wet weight. Normally dat} is
reported on a. dry_weight basis; therefore, PQLs will be higher, based on the
percent moisture in each sample.

P

Other Matrices:

Water miscible liquid waste
High-level soil & sludges
Non-water miscible waste

1PQL =

[PQL for ground water (Table 2)] X [Factor].
samples, the factor is on a wet-weight basis.

8240 - 32
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Factorl
50

125
500
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TABLE 1.
CHROMATOGRAPHIC RETENTION TIMES AND METHOD DETECTION LIMITS (MDL)
FOR VOLATILE ORGANIC COMPOUNDS ON WIDE BORE CAPILLARY COLUMNS

ANALYTE RETENTION TIME MpLd

(minutes (ug/L)
Column 12 Column 20 Column 3¢

Dichlorodifluoromethane 1.55 0.70 -- 0.10
Chloromethane 1.63 0.73 2.07 0.13
Vinyl Chloride 1.71 0.79 2.12 0.17
Bromomethane ~2.01 0.96 2.26 0.11
Chloroethane 2.09 1.02 2.31 0.10
Trichlorofluoromethane 2.27 1.19 2.42 0.08
1,1-Dichloroethane 2.89 1.57 3.08 0.12
Methylene chloride 3.60 2.06 3.32 0.03
trans-1,2-Dichloroethene 3.98 2.36 3.48 0.06
1,1-Dichloroethane 4.85 2.93 4.10 0.04
2,2-Dichloropropane 6.01 3.80 4.43 0.35
cis-1,2-Dichloroethene 6.19 3.90 4.42 0.12
Chloroform 6.40 4.80 4.58 0.03
Bromochloromethane 6.74 4.38 4.54 0.04
1,1,1-Trichloroethane 7.27 4.84 5.09 0.08
Carbon tetrachloride 7.61 5.26 5.18 0.21
1,1-Dichloropropene 7.68 5.29 5.18 0.10
Benzene 8.23 5.67 5.29 0.04
1,2-Dichloroethane 8.40 5.83 5.29 0.06
Trichloroethene 9.59 7.27 6.07 0.19
1,2-Dichloropropane 10.09 1.66 6.20 0.04
Bromodichloromethane 10.59 8.49 6.39 0.08
Dibromomethane 10.65 7.93 6.27 0.24
Toluene - 12.43 10.00 7.36 0.11
1,1,2-Trichlorcethane 13.41 11.05 8.07 0.10
Tetrachloroethene 13.74 11.15 8.21 0.14
1,3-Dichloropropane 14.04 11.31 8.20 0.04
Dibromochloromethane 14.39 11.85 - 8.39 0.05
1,2-Dibromoethane 14.73 11.83 -- 0.06
1-Chlorohexane 15.46 13.29 -- 0.05
Chlorobenzene 15.76 13.01 9.33 0.04
1,1,1,2-Tetrachloroethane 15.94 13.33 9.41 0.05
Ethylbenzene 15.99 13.39 9.44 0.06
p-Xylene 16.12 13.69 9.56 0.13
m-Xylene 16.17 13.68 9.56 0.05
o-Xylene ‘ 17.11 14.52 10.32 0.11
Styrene 17.31 14.60 10.33 0.04
Bromoform - 7 17.93 14.88 10.48 0.12
Isopropylbenzene 18.06 15.46 -- 0.15
1,1,2,2-Tetrachloroethane 18.72 16.35 11.38 0.04
Bromobenzene 18.95 15.86 11.35 0.03
A%%ééﬁ - 31 Revision O
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TABLE 1.
{Continued)

ANALYTE RETENTION TIME MpLd
{(minutes) (ug/L)
Column 12 Column 2b Column 3€

1,2,3-Trichloropropane 19.02 16.23 - 11.40 0.32
n-Propylbenzene 19.06 16.41 -- 0.04
2-Chlorotoluene 19.34 16.42 11.57 0.04
1,3,5-Trimethylbenzene 19.47 16.90 -- 0.05
4-Chlorotoluene 19.50 - 16.72 12.08 0.06
tert-Butylbenzene 20.28 17.57 -- 0.14
1,2,4-Trimethylbenzene 20.34 17.70 -- 0.13
sec-Butylbenzene 20.79 18.09 -- 0.13
p-Isopropyltoluene 21.20 18.52 -- 0.12
1,3-Dichlorobenzene 21.22 18.14 13.16 0.12
1,4-Dichlorobenzene 21.55 18.39 13.27 0.03
n-Butylbenzene 22.22 19.49 -- 0.11
1,2-Dichlorobenzene 22.52 19.17 14.10 0.03
1,2-Dibromo-3-chloropropane 24.53 21.08 -- 0.26
1,2,4-Trichlorobenzene 26.55 23.08 -- 0.04
Hexachlorobutadiene 26.99 23.68 -- 0.11
Naphthalene 27.17 23.52 -- 0.04
1,2,3-Trichlorobenzene 27.78 24.18 -- 0.03
INTERNAL STANDARDS/SURROGATES

4-Bromofluorobenzene 18.63 15.71 11.22

aColumn 1 - 60 meter x 0.75 mm i.d. VOCOL capillary. Hold at 10°C for
5 minutes, then program to 160°C at 6°/min. N

bColumn 2 - 30 meter x 0.53 mm i.d. DB-624 wide-bore capillary using cryogenic
oven. Hold at 10°C for 5 minutes, then program to 160°C at 6°/min.

CColumn 3 - 30 meter x 0.53 i.d. DB-624 wide-bore capillary, cooling GC oven
to ambient temperatures. Hold at 45°C for 2 minutes, then program to 200°C at

8°/min and hold for 6 minutes.

dMDL based on a 25 mL sample volume.

8260 - 32
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TABLE 2.
PRACTICAL QUANTITATION LIMITS (PQL) FOR SEMIVOLATILE ORGANICSA

Practical Quantitation Limitsb

Ground Water Low Soil/Sediment!

Semivolatiles ug/L ug/kg
Acenapthene 10 660
Acenaphthylene 10 660
Acetophenone 10 ND
2-Acetylaminofluorene 20 ND
1-Acetyl-2-thiourea ‘ 1000 ND
2-Aminoanthraquinone . 20 ND
Aminoazobenzene 10 ND
4-Aminobiphenyl 20 ND
Anilazine 100 ND
o-Anisidine 10 ND
Anthracene 10 660
Aramite 20 ND
Azinphos-methy]l 100 ND
Barban 200 ND
Benz(a)anthracene 10 660
Benzo(b)fluoranthene 10 660
Benzo(k)fluoranthene 10 660
Benzoic acid 50 3300
Benzo(g,h,i)perylene 10 660
Benzo(a)pyrene 10 660
p-Benzoquinone 10 v ND
Benzyl alcohol 20 , 1300
Bis(2-chloroethoxy) methane 10 660
Bis(2-chloroethyl) ether 10 660!
Bis(2-chloroisopropyl) ether 10 660
4-bromophenyl phenyl ether 10 660
Bromoxynil ' ' 10 ND
Butyl benzyl phthalate ' 10 660
Captafol 20 ND |
Captan 50 ND |
Carbaryl 10 ND
Carbofuran 10 ND
Carbophenothion ‘ 10 ND
Chlorfenvinphos 20 ND
4-Chloroaniline - 20 1300
Chlorobenzilate 10 ND
5-Chloro-2-methylaniline 10 ND
4-Chloro-3-methylphenol 20 1300
3-(Chloromethyl) pyridine hydro-

chloride > 100 ' ND
2-Chloroanaphthalene 10 660
2-Chlorophenol 10 660
4-Chlorophenyl phenyl ether 10 660

/’k%- 29 Revision 1
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TABLE 2.
(Continued)

Practical Quantitation Limitsb

Ground Water Low Soil/Sediment!
Semivolatiles ug/L ug/kg
Chrysene _ 10 660
Coumaphos 40 ND
p-Cresidine 10 ND
Crotoxyphos 20 ND
2-Cyclohexyl-4,6-dinitrophenol 100 ND
Demeton-o 10 ND
Demeton-s 10 ND
Diallate (cis or trans) 10 ND
Diallate (trans or cis) 10 ND
2,4-Diaminotoluene 20 ND
Dibenz{a, j)acridine 10 ND
Dibenz(a,h)anthracene 10 660
Dibenzofuran 10 660
Dibenzo{a,e)pyrene 10 ND
Di-n-butylphthalate 10 ND
Dichlone NA ND
1,2-Dichlorobenzene 10 660
1,3-Dichlorobenzene 10 660
1,4-Dichlorobenzene 10 660
3,3’-Dichlorobenzidine 20 1300 f
2,4-Dichlorophenol 10 660 :
2,6-Dichlorophenol 10 ND :
Dichlorovos L 10 ND :
Dicrotophos - 10 ND §
Diethylphthalate : <10 660 !
Diethylstilbesterol 20 ND §
Diethyl sulfate 100 ND §
Dimethoate 20 ND §
3,3’ -Dimethoxybenzidine 100 ND :
Dimethylaminoazobenzene 10 ND
7,12-Dimethylbenz(a)anthracene 10 ND
3,3’-Dimethylbenzidine 10 ND
a,a-Dimethylphenethylamine ND - ND
2,4-Dimethylphenol 10 660
Dimethyl phthalate 10 660
1,2-Dinitrobenzene 40 ND
1,3-Dinitrobenzene 20 ND
1,4-Dinitrobenzene .40 ND
4,6-Dinitro-2-methylphenol 50 3300
2,4-Dinitrophenol 50 3300
2,4-Dinitrotoluene 10 660
2,6-Dinitrotoluene 10 660
Dinocap 100 ND

8270 - 30 Revision 1
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TABLE 2.
(Continued)

Practical Quantitation Limitsb

Ground Water Low Soil/Sediment!

Semivolatiles ug/L ug/kg
Dinoseb 20 ND
5,5-Diphenylhydantoin 20 ND
Di-n-octyl phthalate 10 660
Disulfoton 10 ND
EPN 10 ND
Ethion 10 ND
Ethyl carbamate : 50 ND
Bis(2-ethylhexyl)phthalate 10 660
Ethyl methanesulfonate 20 ND
Famphur 20 ND
Fensulfothion 40 ND
Fenthion 10 ND
Fluchloralin 20 ND
Fluoranthene 10 660
Fluorene 10 660
Hexachlorobenzene 10 660
Hexachlorobutadiene - 10 660
Hexachlorocyclopentadiene 10 660
Hexachloroethane 10 660
Hexachlorophene 50 ND
Hexachloropropene 10 ND
Hexamethyl phosphoramide 20 ND
Hydroquinone ND ND
Indeno(1,2,3-cd)pyrene 10 660
Isodrin 20 NO
Isophorone 10 660
Isosafrole - 10 ND
Kepone 20 ND
Leptophos 10 ND
Malathion 50 ND
Maleic anhydride NA ND
Mestranol 20 ND
Methapyrilene 100 ND
Methoxychlor 10 ND
3-Methylcholanthrene .10 ND
4,4’ -Methylenebis(2-chloroaniline) NA ND
Methylmethanesulfonate 10 ND
2-Methylnaphthalene 10 660
Methyl parathion 10 ND
2-Methylphenol 10 660
3-Methylphenol T 10 ND
4-Methylphenol 10 660
Mevinphos 10 ND

8270 - 31 Revision 1
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TABLE 2.

(Continued)
Practical Quantitation Limitsh
Ground Water Low Soil/Sediment!
Semivolatiles ug/L ug/kg

Mexacarbate 20 ND
Mirex 10 NO
Monocrotophos 40 ND
Naled 20 : ND
Naphthalene 10 660
1,4-Naphthoquinone 10 ND
1-Naphthylamine 10 ND
2-Naphthylamine 10 ND
Nicotine ‘ 20 ND
5-Nitroacenaphthene 10 ND
2-Nitroaniline 50 3300
3-Nitroaniline 50 3300
4-Nitroaniline 20 ND
5-Nitro-o-anisidine 10 ND
Nitrobenzene 10 660
4-Nitrobiphenyl 10 ND
Nitrofen 20 ND
2-Nitrophenol 10 660
4-Nitrophenol 50 - 3300
5-Nitro-o-toluidine 10 ND
4-Nitroquinoline-1-oxide 40 ND
N-Nitrosodibutylamine 10 ND
N-Nitrosodiethylamine 20 ND
N-Nitrosodiphenylamine 10 660
N-Nitroso-di-n-propylamine 10 660
"N-Nitrosopiperidine 20 ND
N-Nitrosopyrrolidine 40 ND
Octamethyl pyrophosphoramide ., 200 ND
4,4’ -Oxydianiline 20 ND
Parathion Co ' 10 : ND
Pentachlorobenzene 10 ND
Pentachloronitrobenzene 20 ND
Pentachlorophenol 50 3300
Phenacetin 20 ND
Phenanthrene 10 660
Phenobarbital 10 ND
Phenol 10 660
1,4-Phenylenediamine : 10 ND
Phorate 10 ND
Phosalone ~ 100 ND
Phosmet 40 ND
Phosphamidon - 100 ND
Phthalic anhydride 100 ND
2-Picoline ND ND

8270 - 32 Revision 1
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TABLE 2.

(Continued)
Practical Quantitation [imitsbh
Ground MWater Low Soil/Sedimentl

Semivolatiles ug/L ug/kg
Piperonyl sulfoxide 100 ND
Pronamide 10 ND
Propylthiouracil 100 ND
Pyrene 10 660
Pyridine ND ND
Resorcinol 100 ND
Safrole 10 ND
Strychnine : 40 ND
Sulfallate 10 ND
Terbufos 20 ND
1,2,4,5-Tetrachlorobenzene 10 ND
2,3,4,6-Tetrachlorophenol 10 ND
Tetrachlorvinphos 20 ND
Tetraethyl pyrophosphate 40 ND
Thionazine 20 ND
Thiophenol (Benzenethiol) 20 ND
Toluene diisocyanate 100 ND
o-Toluidine : 10 ND
1,2,4-Trichlorobenzene 10 660
2,4,5-Trichlorophenol 10 660
2,4,6-Trichlorophenol 10 660
Trifluralin 10 ND
2,4,5-Trimethylaniline 10 ND
Trimethyl phosphate 10 ND
1,3,5-Trinitrobenzene 10 ND
Tris(2,3-dibromopropyl) phosphate 200 ND
Tri-p-tolyl phosphate(h) 10 ND
0,0,0-Triethylphosphorothioate NT ND

T PQLs Tisted for soil/sediment are based on wet weight. Normally data is
reported on a dry weight basis, therefore, PQLs will be higher based on the
% moisture in each sample. This is based on a 30-g sample and gel permeation
chromatography cleanup.

b sample PQLs are highly matrix-dependent. The PQLs listed herein are provided
for quidance and may not always be achievable.

ND = Not determined. -

NA = Not applicable.

NT = Not tested.

Other Matrices Factorl
Medium-level soil and sludges by sonicator 7.5
Non-water miscible waste 75

IpQL = [PQL for Low Soil/Sediment (Table 2)] X [Factor].

8270 - 33 Revision 1
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Instrument

Autoanalyzers

DC Argon Plasma
Emission Spectronmeter

ICAP Emmission
Spectrometer

Atomic Absorption
Spectrophotometers

Gas Chromatographs

WES ALG Instrumentation

Model Year
Technicon GT-PC 1986
Models (3)

15 Channels

Spectra Span IV 1982

Leeman Labs Plasma 1988

Spec III Seq/Simul
Perkin-Elmer 5000

Model 500 Graphite
furnaces (2)

Perkin-Elmer 3030
Zeeman with auto-
Sampler

Perkin-Elmer 5100
with Zeeman Bkg
correction, auto-
sampler and graphite
furnace

Hewlett-Packard
5840A with auto-
sampler, EC &
flame photometric
detectors

Hewlett-Packard

5880A with auto-
sampler, dual EC
detectors, dual

nitrogen-phosphorus &
dual FID detectors

Perkin-Elmer
Sigma-3 with thermal

Conductivity detector

Tracor 540 with
auto-sanmpler, dual
EC detectors &

Nelson Analytical data

reduction system

E 1

1979
with Auto Samplers 1981

1986

1989

1978

1984

1978

1987

Analyses

Nutrients, cyanide,
Alkalinity, Phenols
Cloride, Fluoride

Metals ( >30 ppb )
Metals
Metals

Metals

Metals

Pesticides, PCB’s,
herbicides

PCB’s, Pesticides,
herbicides, PAH’s,

Gases

PCBs, pesticides
herbicides, PAHs

&/FS



Gas Chromatograph/
Mass Spectrometer/
Data Systens

GC/MS (cont.)

High Performance
Liquid Chromatograph

FT/IR

Cabon Analyzer

Spectrometer, Scanning
Uv/Vis

Gold Foil Mercury
Analyzer

Hewlett-Packard

1980

5985 with auto sampler,

EI,

CI, both positive

and negative capability

Upgraded

Hewlett-Packard
5995 with EI,
purge and trap
Upgraded

Waters

Perkin-Elmer
Model 1600

Oceanographics
International
Model 700

Hitachi Model
100~60

Jerome Instrument

1988

1982

1988

1978

1989

1987

1977

1987

Organics

Volatile organic
compounds

Organic compounds

Total Recoverable
Petroleum Hydro-
carbons, Organic
identities

Total carbon,
organic and
inorganic

Sulfates
hydrocarbons
Carbohydrates

Mercury
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[ENVIRONMENTAL ENGINEERING DIVISION|
l

CHIEF
ANALYTICAL LABORATORY GROUP
Ann B. Strong

| oin, oo e

QUALITY ASSURANCE
Karen Myers

[ {

INORGANTC ANALYSIS ORGANTIC ANALYSIS SAMPLE & DATA

: Management
Don Brown, Team Leader Richard Karn, Team Leader l.Linda Stevenson
DUTIES

Ann B. Strong, GM 13, Chemist supervises overall activities of the
ALG, including final check of all data prior to submission to
customer.

Richard Karn, GS-12, Chemist has oversight for all organic analysis
and is GC/MS expert.

Don Brown, GS8-11, Chemist schedules all inorganic analysis and is an
experienced analyst using the autoanalyzer, the DCP, the ICAP and
the GFAA.

Linda Stevenson, GS-6, Physical Science Technician is responsible for
sample and data management keeping track of all samples received,
computer entry and tracking of all samples, fiscal reports, data
reports.

Newberry Brown, GS-11, Chemist is primary gas chromatograph operator.

Glennard Warren, GS-11, Chemist is primary GFAA operator and also
performs autoanalyzer analyses.

Karen Myers, GS-11, Biologist is experienced in operation of DCP and
GC and serves as QA officer. (on long term leave September 1988-
August 1989)

Agnes Morrow, GS-09, Chemist is experienced in organic extractions,
and is secondary GC operator, also performs IR analyses.

Jeffretha Christian, GS-06, Physical Science Technician performs
mercury and TOC analyses under Don Brown's oversight.

Willar Tyler, IPA Chemist for 7 years, performs digestions,
autoanalyzer analyses, and other wet chemistry analyses.



PROFESSIONAL RESUME’

STRONG, ANN B., SUPERVISORY RESEARCH CHEMIST
EDUCATION

B.S. - Chemistry, Mississippi College
Unversity of Florida Graduate School

PROFESSIONAL EXPERIENCE

1981 - Present Chief, Analytical Laboratory Group, GM-13
USAE Waterways Experiment Station

1980 - 1981 Supervisory Chemist, GS-12
USAE Waterways Experiment Station

1979 - 1980 Physical Scientist, GS-12
USAE Waterways Experiment Station

1976 - 1979 Chief, Monitoring and Analytical
Services, GS~13. USEPA - Eastern
Environmental Radiation Facility

1971 - 1976 Chief, Analytical Services, GS-12
USEPA - Eastern Environmental Radiation
Facility

1870 - 1971 Supervisor, Environmental Analysis Unit,

GS-11. USEPA -~ Eastern Environmental
Research Facility

1966 - 1970 Supervisor, Milk Section, GS-09
USPHA - Southeastern Radiological Health
Lab

1962 - 1966 Chemist, GS-07

USPHS - Southern Radiological Health Lab

MAJOR PROJECTS

Project Officer for EPA’s Environmental Radiation Ambient
Monitoring System (EPA’s nationwide monitoring program for
radiation.

Supervised the EPA-ORP Analytical Laboratory, including

radiochemical laboratory functions and radiation counting
facilities.

fte’



Consultant for radioanalytical procedures adopted for compliance
with the Safe Drinking Water Act and the Resource
Conservation and Recovery Act.

Provided analytical data to be used in setting radiation
standards for the Clean Air Act.

Developed procedures for determining stable elements in
environmental samples by flame atomization techniques.

Project Officer for determining radionuclides in human bone.

Supervised the development work for improving radiochemical
procedures for plutonium, uranium, and thorium resulting in
increased productivity and accuracy.

Developed procedures for determining stable strontium in milk,
food and total diet.

Prepared quality assurance program for water and wastewater
analysis for Environmental Laboratory, USAE/WES.

Prepared basic quality assurance program for Lower Mississippi
Valley Division-Corps of Engineers (in review).

Served as Acting Chief, Analytical ‘Laboratory Group, December
1980 through June 1981.

Chief, Analytical Laboratory Group, 1981 - present. Supervised
the chemical analysis of all samples for the Environmental
Laboratory.

Manages the CE audit sample program for Superfund and
DERP programs.
Manages the CE interlaboratory testing program.

MEMBERSHIPS

Association of Official Analytical Chemists, Committee on
Hazardous Substances

ASTM, D-19 Committee

Water Pollution Control Federation

International Radiation Protection Association

Health Physics Society

Alabama Chapter of Health Physics (secretary--two terms)

National Subcommittee on Detection of Changes in Environmental
Levels

Phi Theta Kappa Honor Society

National Committee to review and revise National Interim Primary
Drinking Water Regulations

AWARDS
Who’s Who in the South and Southwest - 1979
Who’s Who in the South and Southwest - 1980
Who’s Who in Technology Today - 1980



Who’s Who in Technology Today — 1984
Significant Accomplishments Award - 1982
Significant Accomplishments Award - 1983
Significant Accomplishments Award - 1984
Exceptional Performance Award - 1987

- PUBLICATIONS

Strong, Ann B., Porter, Charles R., Carter, Melvin W., and
Wilson, Edward F. "Localization of Fallout in United States
from May 1966 Chinese Nuclear Test," Public Health Reports,
Vol 82, No. 6, June 1967.

Strong, Ann B., Rehnberg, Georgia L., and Moss, Ursula R.
"Determination of Strontium in Environmental Media,"
Talanta, Vol 15, No. 1, 1968.

Rehnberg, Georgia L., Strong, Ann B., Porter, Charles R., and
Carter, Melvin W. "Levels of Stable Strontium in Milk and
Total Diet", Environmental Science and Technology, Vol 3,
No. 2, February, 1969.

Butler, F. E., Lieberman, R., Strong, A. B., Moss, U. R.
"Sampling and Analysis of Soils for Plutonium," Proceedings
of the Environmental Plutonium Symposium, Los Alamos, NM,
August 4-5, 1971.

Strong, Ann B., Porter, Charles R., Kahn, B. "Stable Strontium:
Calcium Ratios in U. S. Bone and Total Diet Samples, "Second
Series CONF 720818, GlasgS; Strontian, Great Britain, August
16-19, 1972.

Strong, Ann B. and Brooks, Imogene B. "Tritium in Surface Waters
Affected by Nuclear Facilities," Proceedings of the
Internaticonal Conference on Radiation Effects and Tritium
Technology for Fusion Reactors, 3 Volumes, October 1-5,
1975, Gatlinburg, TN.

Strong, Ann B., Smith, J. Michael, and Johnson, Raymond H., Jr.
"EPA Assessment of Fallout in the United States from
Atmospheric Nuclear Testing on September 26 and November 17,
1976, by the People’s Republic of China," EPA 520/5-77-002,
August, 1977.

Smith, J. Michael, Broadway, Jon A., and Strong, Ann B. "United
States Population Dose Estimates of Iodine-131 in the
Thyriod After the Chinese Atmospheric Nuclear Weapons
Tests," Science, Vol 200, April 7, 1978.

Blanchard, R. 1. Strong, A. B., Lieberman, R., and Porter, C. R.
"The Eastern Environmental Radiation Facility’s
Participation in Interlaboratory Comparisons of
Environmental Sample Analyses," ORP/EERF-79-2, March, 1979.

Broadway, J. A. and Strong, A. B. "Population Dose and Health
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Impact Estimates Calculated from Radionuclides in Human
Bone," Submitted to Science for publication.

Broadway, J. A. and Strong A. B. "Radionuclides in Human Bone
(1972-1975) with Estimates of Population Dose and Health
Impact. Health Physics, Vol 45, September, 1983.

Strong, Ann B. '"Radiological Procedures for Environmental
Samples," USEPA Technical Report (to be published).

Eicholz, G. G., Desrosiers, A. E., Kahn, B., Strong, A., Wakamo,
C. L., Wilkie, W. H., and Williams, E. F. "Detection of
Changes in Environmental Levels Due to Nuclear Power
Plants," Upgrading Environmental Radiation Data, EPA 520/1-
80-012, August 1980.

Strong, Ann B. "“Laboratory Analyses." Proceedings of a seminar on
Attaining Water Quality Goals Through Water Management
Proceduresi. 17-18 February, 1982.

Lutton, R.J., Butler, D.K.; Meade, R.J.; Patrick, D.M.; Strong,
A.B.; and Taylor, H. M.; "Tests for Evaluating Sites for
Disposal of Low -Level Radioactive Waste", NUREG/CR 3038
Prepared for US Nuclear Regulatory Commission by Geotechnical
Laboratory, US Army Engineer Waterways Experiment Station,
Vicksburg, MS 39180 December 1982

Lutton, R.J.; Strohm, W.E.; and Strong, A. B.; "Subsurface
Monitoring Programs at Sites for Disposal of Low-Level Radio-
active Waste" NUREG/CR-3164, Prepared for US Nuclear Regula-
tory Ccmmission by Geotechnical Laboratory, US Army Engineer
Waterways Experiment Station, Vicksburg, MS 39180 April 1983

Strong, Ann B. "Laboratory Inspections for Quality
Assurance/Quality Control." Proceedings of a seminar on
Water Quality, R&D: Successful Bridging Between Theory and
Applications. 25-27 February, 1986.

Strong, Ann B.; Myers, Karen; and Warren, Glennard; "Proceedings
of the Fifth Corps Chemists Meeting 15-16 May 1988" MP El
89-2, Environmental Laboratory, US Army Engineer Waterways
Experiment Station, Vicksburg, MS 39180

PRESENTATIONS

“"Evaluation of Rapid Field Method for the Collection of
Radionuclides from Milk," presented at the Annual Meeting of
the Health Physics Society, Chicago, IL, June 28-July 2, 1970.

"Radiological Surveillance Around a Nuclear Power Barge in a
Fresh Water Lake," presented at the annual meeting of the
Health Physics Society, Las Vegas, NV, June 12-16, 1972.

"Environment:al Radiation Ambient Monitoring System," presented at
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EPA Symposium, Las Vegas, Nevada, February, 1973.

"off-Site Plutonium Surveillance in the Cape Kennedy Environs, "
presented at the annual meeting of the Health Physics
Society, June 12-16, 1972.

"Tritium in Surface Waters Affected by Nuclear Facilities,®
presented at the International Conference on Radiation
Effects and Tritium Technology for Fusion Reactors, October
1-5, 1975, Gatlinburg, TN.

"The Distribution of Fallout in the United States from the
Chinese Nuclear Tests of September 26 and November 17, 1976,
as Observed by the ERAMS," presented at the annual meeting
of the Health Physics Society, July 3-8, 1977, Atlanta, GA.

TRAINING & CONFERENCES

Water Quality Seminars, Dallas, TX - 1982
Superfund IPR, Washington, DC - 1982
QA for Superfund Conference, Washington, DC - 1982
Division Lab Conference, Atlanta, GA - 1983
Quality Assurance for the Analytical Laboratory NBS - 1984
Interagency Workshop and QA for Marine Pollution Measurements, NBS
- 1984
Corps Chemists Seminar, NED - 1985
Pittsburgh Conference, New Orleans - 1985
Superfund - DERP Conference, Omaha - 1985
CLP Conference, EPA-Las Vegas, NV - 1985
Chemical and Biological Characterization of Sludge and Sediment
EPA, Cincinatti - 1986 .
Water Quality Seminar, New Orleans - 1986
Chemical Quality Management Seminar for Superfund & DERA,
Battelle -~ 1986
Division Laboratory Conference, San Francisco - 1987
Water Quality Seminar, Charleston, S.C. - 1988
Corps Chemists Meeting, WES - 1988
Annual Meeting of the Association of Official Analytical
Chemists, Palm Beach, FL - 1988 -
Interagency Workgroup on Marine and Estuarine Sampling and
Analytical Protocols, Washington, D.C. - 1988
Hazardous Waste Worker Training Program April 1989
Corps Chemists Meeting, WES -~ 1989
Quality Assurance in Environmental Measurements Symposium
Las Vegas, NV May 1989
Nulear Radiation Safety (LSU) WES - June 1989



PROFESSIONAL RESUME‘

KARN, Richard A., Research Chemist

Education

B.S. Chemistry, New Mexico Institute of Mining and Technology,
1968.

M.S. Organic Chemistry, University of Colorado, 1973.

Professional Experience

1979 - Present Research Chemist, Analytical Laboratory
Group, WES. Specialty: GC/MS,

Environmental samples, Organic Team
Leader

1975

1979 Chemist, Rocky Mountain Arsenal,
Specialty: GC/MS, Development of
procedures for organo-phosphorus compound:

1974 - 1975 Dugway Proving Ground Analytical testing
for nerve gases

1973

1974 Dow Corning Corp. Process development;
identification and removal of trace
impurities in silicon chemical
production

Major Projects

GC/MS Analyses for contaminated harbor studies - Black Rock,
Indiana, and New Bedford

_Investigation of TCLP procedures for volatile organics
Investigation of Organic Compounds from Rocky Mountain Arsenal
GC/MS analyses for solidification stabilization projects

Training
Basic Gas Chromatography, Hewlett Packard, 1976.

Gas Chromatography trouble-shooting, Hewlett Packard, 1976.

Basic Skills in Statistics, Denver Regional Training Center, 1978.

HP 5980 Series GC/MS Operations and Maintenance, 1978.

Glass Capillary and Priority Pollutants in Water, Hewlett
Packard, 1979.



HP 5985 Mass Spec Operators Course, Hewlett Packard, 1980.
Modern Mass Spectrometry, Hewlett Packard, 1982.

Analysis of Priority Pollutants by GC/MS/DS, Hewlett Packard,
1980.

Advances in Analytical Methods for Monitoring Organic Chemicals
in the Environment, EPA, 1984.

Wetland and Upland Plant and Animal Bioassay, 1985.

Hazardous Waste Worker Training Program, May, 1989

Aquarius, Hewlett-Packard, Atlanta, GA June 1989
Awards

Sustained Superior Performance, 1982.

Special Service, 1982.

Sustained Superior Performance, 1984.

Special Service, 1985.

Sustained Superior Performance, 1987

Sustained Superior Performance, 1988.

Publication

“"An Improved Cyclization Procedure for Chloropropylchlorosilance:
Efficient Synthesis of Silacyclobutanes"

"Unexpected Low Reactivity for Spirosilanes; 4-Silaspiro (3,3)
heptane"

"Electrophilic and Nucleophilic Reactivity of 4-Silaspiro (3,3)
Heptane and r-Silaspiro (3,5) Nonane"

"Toxic Metal Removal Using Silyated Silica Gel"

"Effects of Cleanup Procedures on Measured PCB Concentrations
In Chicago River Sediment", 1988

"QA/QC Guidance for Organic Chemical Analysis" 1988

Presentations:

Corps Chemists Meeting, Boston, MA 1986
Corps Chemists Meeting, Cincinnati, OH 1987
Corps Chemists Meeting, WES, 1988

Corps Chemsist Meeting, WES, 1989



PROFESSIONAL RESUME’

BROWN, Donald R., Chenist
Education
B.S. Chemistry, University of Kentucky, 1973.

Professional Experience

1973 to Present Chemist, Analytical Laboratory Group, WES.
Spec1a1ty' Inorganic Analysis including
Nutrients, Metals, TOC, Phenols, Cyanides,
etc. Skilled in operation of Auto-analyzer,
Atomic Absorption Spectrometer, DC Plasma,
Inductively Coupled Argon Plasma, UV-VIS
and computer applications.

Training
Micro-processing Fundamentals, New Orleans, LA, 1978.
Maintenance of Zeeman AA, Berkeley, CA, 1978.
Electronics for Chemists, Philadelphia, PA, 1978.
Hazardous Chemical Safety School, 1978.
Chemical Systems Information Network, NTIS Workshop, 1983.

Statistical Methods, Northeast Louisiana University, Tallulah
Branch, 1985.

Environmental Analysis - Priority Pollutants ACS Short Course,
Pittsburgh Ccnference, 1986.

Elementary Statistics and Probability, Mississippi College, 1986.
Statistical Data Analysis, Mississippi College, 1987.

Transportaticn of Hazardous Materials, U.S. Dept. of Transporta-
tion, WES, 1988.

Computer Programming, PASCAL 1. Hinds Community College, 1988.

Nuclear Radiation Safety (LSU) WES, June 1989

Memberships

American Chemical Society

Awards



Sustained Superior Performance, 1986.

Outstanding Performance, 1988.
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PROFESSIONAL RESUME’

STEVENSON, Linda K.
Education

Course work at Hinds Jr. College, Vicksburg Branch to be applied
to an Associate of Arts Degree in Applied Science. Physical
Geology, Elementary Algebra, Intermediate Algebra, Introduction
to Computer Programming, Physical Science Survey I, Introduction
to Microcomputers and BASIC, Advanced BASIC Programming,
Data Base Management, and Computer Programming-PASCAL 1.

Experience

May, 1976 - March, 1983 Secretary, Environmental
Laboratory, WES

April, 1983 - Present Physical Science Aid/Technician,
Analytical Laboratory Group, WES

Major Duties
Responsible for data management in the ALG, logs samples into
laboratory, prepares computer data work sheets, keeps sample
backlog current, maintains fiscal records, prepares final data
reports, performs moisture, solids, and volatiles analyses and
performs extractions for Organic analysis.

Avards
Outstanding Performance 1986

Outstanding Performance 1988
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PROFESSIONAL RESUME’

BROWN, B. Newberry, Chemist

Education

B.S. Delta Sftate College,

1951

M.S. ED (Chemistry) Mississippi State University, 1965

Professional Experience

January, 1984 to Present

January, 1980 to
December, 1984

December, 1976 to
January, 1980
August, 1963 to
December, 1976
August, 1962 to
August, 1963

September, 1953 to
August, 1962

October, 1950 to
October, 1953

Major Projects

Chemist, Analytical Laboratory Group,
WES. Specialty: Gas Chromatography

Instructor, Wood Jr. College. Taught
Freshman College Chemistry, Physics
and Physical Science

Chemist, Analytical Laboratory Group,
WES. Specialty: Metals Analysis

Instructor, Wood Jr. College. Taught
Freshman College Chemistry, Physics,
and Algebra

High School Science teacher.
Instrument mechanic for Mississippi

Power & Light Co.

Science teacher.

PCB analyses by Gas Chromatograph for such projects as Black Rock
Harbor, Indiana Harbor, and New Bedford Harbor. Developed
procedures for congener analysis.

Pesticide and herbicide analyses for various water quality

projects.

PAH analysis by Gas Chromatograph.

Recent Training

Statistical Methods, Northeast Louisiana University, Tallulah

Branch, 198s5.

Laboratory Applications of Lotus 1,2,3 and Other Software,
ACS, Denver CO April 1987
Computer Programming, Pascal I Hinds Community College, Vicks-

burg, MS Aug-Dec 1988
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Application Oriented Basic Programming for HP 5880/3388, Hewlett
Packard, 198%,

Advanced BASIC Programming, Hinds Jr. College, Vicksburg Branch,
1987.

Laboratory Applications of LOTUS 1, 2, 3 and other software,
American Chemical Society, Denver, Co., 1987.

Computer Programming, PASCAL 1, Hinds Community College,
Vicksburg Branch, 1988.

Awvards

Sustained Superior Performance, 1985.
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PROFESSIONAL RESUME’

MORROW, Agnes B.
Education

B.S. Chemistry, Alcorn State University, 1985

Experience
July, 1986 - Present Chemist, Analytical Laboratory

Group, WES. Performs distillations,
extractions, etc. for organic prep
for GC and GC/MS analyses.
Performs oil and grease analyses.
Runs GC for pesticide analysis.

Committee

Alcorn State University Committee

Training

"Fundamentals of Gas Chromatography", Hewlett-Packard, New
Orleans, LA -1988 ’

“"Logical Troubleshooting for Gas Chromatography", Hewlett-Packard
New Orleans, LA ~-1988

“Computer Programming, Pascal", Hinds Community College,
Vicksburg, MS -1938
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PROFESSIONAL RESUME’

MYERS, Karen L., Biologist

Education
B.S. Microbiology, University of Southern Mississippi, 1973.
One semester Graduate School, University Southern Mississippi.

Professional Experience

1982 - Present Biologist, Analytical Laboratory Group,
WES. Specialty: DC argon Plasma
Emission Spectroscopy, Gas chromatography

Major Projects

Black Rock Field Verification Study
Naval Weapons Station Study
New Bedford Harbor

Training

Micro-computer Methods, Mississippi State University, WES Center,
1983.

Introduction to Data Processing, Hinds Jr. College, Vicksburg
Branch, 1983.

FORTRAN Programming and Applications, Hinds Jr. College,
Vicksburg Branch, 1983.

Calculus II, Hinds Jr. College, Vicksburg Branch, 1984.
Calculus III, Hinds Jr. College, Vicksburg Branch, 1984.
Calculus IV, Hinds Jr. College, Vicksburg Branch, 1984.
BASIC Programming, Hinds Jr. College, Vicksburg Branch, 1984.

Differential Equations, Hinds Jr. College, Vicksburg Branch,
1985.

Advanced Momentum, Heat, and Mass Transfer, Mississippi State
University Grad Center, Vicksburg, 1985.

Introduction to Partial Differential Equations, Jackson Engineers
Grad Program, 1985.



Engineering Mechanics, Hinds Community College, 1986.

Organizing and Writing Professional and Technical Communications,
M. D. Morris, P.E., WES, 1987.

" Awards
Outstanding Performance, 1987

Member of Phi Kappa Phi
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PROFESSIONAL RESUME’

WARREN, Glennard M.
Education
B.S. Chemistry, Alcorn State University, 1979
Professional Experience
August, 1979 - Present Chemist, Analytical Laboratory
Group, WES. Specialty: Graphite

Furnace AA and Auto-analysis for
nutrients.

Training

Environmental Biology, Alcorn State University, Vicksburg Branch,
1980.

Environmental Microbiology, Mississippi State University, WES
Center, 1981.

Basic Hydraulics, Hinds Jr. College, Vicksburg Branch, 1984.
Computer Literacy, Alcorn State University, WES Center, 1984.
Water Resources I, Mississippi State University, WES Center, 1985.

Principals of Management, Hinds Jr. College, Vicksburg Branch,
1986.

Interpersonal Relations, OPM Vicksburg, 1986.
Statistics, Alcorn State University, 1986.
Advanced Geochemistry, Jackson Engineering Graduate Program, 1987

Analytical Atomic Spectrometry, Absorption, Emission, and Mass,
ACS Education Division, New Orleans, 1987.

Principles of Oral Communication, Hinds Community College, 1987.
Effective Speaking and Human Relations, Dale Carnegie, 1988.

Nuclear Radiation Safety, WES, June 1989
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PROFESSIONAL RESUME’

CHRISTIAN, Jeffretha M.
Education
Three years college, Alcorn State University
Experience
Teaching assistant, Elementary School
Physical Science Aid/Technician 1980 - Present, on-the-job
training in total solids,
suspended solids, volatile
solids, Mercury by Cold vapor,
total organic carbon,
Elutriate Preparation and acid
digestions
Training
College Algebra, Hinds Jr. College, Vicksburg Branch, 1985.

Interpersonal Communications leadership Seminars, 1986.

Introduction to Micro-computers and BASIC, Hinds Jr. College,
Vicksburg Branch, 1986.

Environmental Biology, Alcorn State University, Sept-Dec 1988
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QA PROGRAM FOR ENVIRONME&TAL CHEMICAL ANALYSES

SAFETY POLICY

The overall safety policy of the CE is given in a number of
Engineering Regulations. At the WES level, specific safety policy is
delineated in Station Regulations and is under the general supervision
of the Safety and Occupational Health Office staffed by a safety
officer, two registered nurses and a safety technician. A medical

doctor is also on duty three days a week.

At the Analytical Laboratory Group level, safety meetings are
held to update employees on any changes to policy. Training sessions
such as those offered by J. T. Baker are held to educate personnel in
good laboratory safety practices and the use of Material Safety Data
Sheets. Sessions have also been held on the proper use of respirators
in the 1laboratory. The 40 hour training course required by OSHA for
workers at hazardous waste sites is offered to pertinent personnel.
Some employees have also been trained in Department of Transportation

requirements for shipping hazardous materials.

Laboratory safety inspections are held on a routine basis to
assure that hoods, fire extinguishers, eye baths, showers, gas
outlets, and electrical outlets are all in proper working order.
Training sessions in the proper use of fire extinguishers are held
annually by the WES fire department. Flammable solvents must be
stored in proper storage cabinets and other reagents must be stored

according to chenical reactivity classification.

Laboratory wastes are disposed of according to hazard

classification. All hazardous materials are collected in lab packs
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until they are turned over to the WES Safety Office for final

disposal. WES is a RCRA permitted facility.

Laboratory personnel are trained in spill control measures and
the proper use of spill control Kkits. Each 1laboratory area has
appropriate spill control kits available for procedures being
conducted.

Personnel are encoﬁraged to take advantage of free First Aid and

CPR Courses.

Annual physicals are provided to 1laboratory personnel to
encourage a healthy work environment and to assure the absence of

effects from laboratory chemicals.

New personnel are given on-the-job training in routine safety
procedures. All training is documented in each employee’s personnel
file.

TRAINING

All prdfessional personnel hired in entry level positions (GS-5, -
7) are in career intern positions. At the time they are hired, a
formal training program is set up for the individual based on career
goals. Specific formal training courses as well as on-the-job
training are included in the program. All training is documented in
the employee’s personnel file.

In addition, training goals are reviewed each year at performance
appraisal time. An individual development plan is prepared for all

employees at that time.



STANDARD OPERATING PROCEDURE FOR GLASSWARE CLEANING
Methods for cleaning glassware are selected according to the
substances that are to be removed and the analysis required.

Metals Analysis

1. Rinse with tap water immediately after use

2. Place glassware in ultrasonic cleaner filled 3/4 full
with reverse osmosis (R.0.) water and 15-20 ml commercial
laboratory cleaning solution(i.e. Micro or Alconox). Cleaning
solution should come into contact with all surfaces.

3. When tank is full, turn on ultrasonic cleaner and allow

to run 2-3 hours. Turn off cleaner prior to removing glassware.
4. Rinse 3-5 times with R.0. water.
5. Rinse in 25% hydrochloric acid bath.
6. Rinse in 25% nitric acid bath.
7. Rinse 3 times with distilled water.
8. Invert and air dry on laboratory carts.
9. Store in closed cabinets until use.

Nutrient Glassware

1. Rinse with tap water immediately after use.
2. Place in ultrasonic cleaner as above.

3. Soak overnight in 10% sulfuric acid bath

4. Rinse 3-5 times with R.O. water.

5. Rinse 3 times with distilled water.

G-3



6. Invert and air dry on laboratory carts.

7. Store in closed cabinets until use.

Ultrasonic cleaner tank should be drained every 2 weeks.

Organic Analysis

1. Rinse dirty glassware with last solvent used.

2. Rinse with tap water.

3. Place in soap bath and allow to soak at least 24 hours.
(Change bath weekly--Use 1 bottle of strong basic scap such as

Chem-solv to 1 full 20 gallon bath).

4. Remove from soap bath and rinse with warm tap water.

5. Rinse in 10 % hydrochloric acid bath.

6. Rinse with R.O. water.

7. Rinse with methylene chloride.

8. Place in oven overnight at 275°.

9. Cool, remove from oven, and store in closed cabinet in

an inverted position or covered with aluminum foil.

10. Prior to use, the glassware is again rinsed with the

solvent to be used in the analysis.

SAMPLE BOTTLE PREPARATION

WES normally purchases pre-cleaned (to EPA specifications)
bottles and VOA vials for sample collection. In instances where
large sample volumes are required (i.e. elutriate analysis

requiring one-gallon or two and one-half gallon containers)
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cleaning procedures similar to those employed for laboratory
glassware are used. Certificates of contamination checks are
filed and lot numbers of bottles shipped to sample collectors are

maintained in a log book.
SAMPLE SHIPPING PROCEDURES

The Analytical Labératory Group (ALG) at WES is not normally
involved with the actual field collection of samples. However,
the ALG frequently provides sample bottles as described above.
The field crew is requested to initiate chain-of-custody
procedures for projects requiring chain-of custody using
appropriate forms (WES form 2196). Field personnel are requested
to label and identify samples to meet project specifications.
They are given instructions as to the proper containers to use
with the intended analyses, the proper preservation technique,

and volumes needed.

For chain-of-custody samples, shipping containers are to be
sealed, whether transported by field personnel or shipped by
commercial carrier. Samples are to shipped with sufficent ice to
maintain a 4° C temperature and with sufficient packing to prevent

breakage.

SAMPLE RECEIPT AND LOG—~IN PROCEDURES

Upon receipt at the 1laboratory, the sample management

officer fills out a cooler receipt form (copy attached).



COOLER RECEIPT FORM

PROJECT:
Cooler received on and opened on by
Signature
1. Were custody seals on outside of cooler?---——-—————==- YES NO
If yes, how many and where?
Were signature and date correct?--—--——-e—mmae—-— YES NO
2. Were custody papers taped to 1id inside cooler------- YES NO
3. Were custody papers properly filled out(ink, signed)-YES NO
4. Did you sign custody papers in the appropriate place?YES NO
5. What kind of packing material was used?
6. Was sufficient ice used(if appropriate)?---——==———=w- YES NO
7. Were all bottles sealed in separate plastic bags?----YES NO
8. Did all bottles arrive in good condition(unbroken)?--YES NO
9. Were all bottle labels complete(#,date, signed,anal.,
preserv. etc.)? YES NO
10. Did bottle labels and tags agree with custody papers?YES NO
11. Were -correct bottles used for tests indicated?-----—- YES NO
12. Were VOA vials checked for absence of bubbles?--——-- YES NO
13. Did each bottle contain sufficient sample?---——==—=- YES NO
14. Were acid/base preserved samples checked with
pH paper?-----——---——- Yes NO
Explain any discrepancies—=—=——=--— >



Receipt of chain-of-custody samples 1is recorded in a
permanent receipt: book. The sample collector or project manager
is notified of any discrepancies noted on the cooler receipt
form.

If samples are delivered by WES personnel, they are required
to fill out WES Form 2079 with the information indicated by
asterisks and to sign a sample receipt, WES Form 2118. The ALG
sample management officer then verifies that the number of

samples and the sample identification are as stated on Form 2097.

If samples are received by commercial carrier, Form 2097 is
filled out by the sample management officer. The WES uses preprinted
consecutively numbered duplicate gummed labels to identify samples.
One label is placed on the sample bottle and the other label is placed
on Form 2079 under the heading Lab I.D. No. next to the corresponding
Project I. D. NO. This information is also entered into a permanent
log book, WES Form 2108 (copy attached). The estimated cost is
calculated, entered onto the Sample Receipt Form 2118, and the

original copy refturned to the Project manager.

All samples except volatiles are stored in the locked walk-in
¢ooler which is maintained at 4° and equipped with an alarm system
that goes off when the temperature deviates by more than + two
degrees. A separate refrigerator is maintained for volatile analysis
and and temperatures are recorded in a refrigerator log. Two ALG
employees have keys to the cooler and a permanent log is maintained to
check chain-of-custody samples in and out of the cooler for analysis.

The analyst is required to keep chain-of-custody samples behind locked

G-
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ALG SAMPLE RECEIPT
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doors if he is away from the area where analyses are in progress.

The sample management officer then enters the information
~into the ALG computer data management system. Job files (example

attached) are created for use by the analysts in recording their data.



SAMPLE DISPOSAL PROCEDURES

Samples are normally maintained by the ALG for a period of 6
months. At that time they are returned to the project managers
if feasible. If this is not practical, the ALG requests
permission from the project manager to dispose of the samples or
place them in a semi-permanent repository. Samples that have
been determined to contain no hazardous materials are disposed of
via the sewerage system or sent to a sanitary landfill. Samples
classified as hazardous are submitted to the WES Safety Office

for disposal.

INSTRUMENT MAINTENANCE PROCEDURES

All Perkin-Elmer instruments (atomic absorption units) at
WES are maintained by service contract that provides for twice
yearly preventive maintenance and emergency repair. Permanent

records are maintained of service visits.

The Plasma Emission Spectrometer (Spectrametrix) is
maintained by service contract that provides for twice yearly
preventive maintenance and emergency service. Permanent records

are maintained of service visits.

All Hewlett-Packard Instruments (GC and GC/MS systems) are
maintained by service contract that provides for twice yearly
preventive maintenance and emergency repair. In addition, the
GC/MS systems are tied via modem to the\ Analytical Response
Center Support which can duplicate software problems at HP’s

service center. Records of all service calls are maintained in
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permanent files.

All analytical balances are serviced annually by a certified

" balance technician.

All other instrumentation is serviced on an as needed basis

and records are maintained of any repair calls.

Daily or routine maintenance of instruments is performed by the
individual analysts and recorded in the instrument logs (i.e. Richard
Karn is responsible for the GC/MS systems, Newberry Brown maintains
the GCs, Mike Warren maintains the AAs, Don Brown maintains the ICP,
DCP, and autoanalyzers, Jeffretha Christian maintains the TOC analyzer
and the mercury analyzer.)

CALIBRATION PROCEDURES

Calibration of the GC/MS Systems. Oﬁé instrument tune is met,
the GC/MS systen is calibrated before any samples or blanks are
analyzed. Initial calibration is accomplished through the analysis of
a minimum of five concentrations of standards. Five concentrations
are used to confirm the linearity of response of the compounds
examined. System calibration is verified at the start of every 12
hour analytical period. Relative response factors (RRF) are
calculated for each compound based on the concentrations and areas of
the characteristic ions for the compound to be measured and its
assigned interrnal standard. Percent Relative standard (RSD)

deviations are then calculated for each compound based on the mean of

the initial relative response factors of the five standard
concentrations. The percent RSD of the calibration check compounds
listed in tables 1 and 2 are used to check calibration. The maximum

C}dﬂ



acceptable percent RSD for these compounds is 30.0.

Table 1

Volatile Calibration Check Compounds

Vinyl Chloride
1,1-Dichloroethene
Chloroform
1,2-Dichloropropane
Toluene

Ethylbenzene

Table 2

Semivolatile Calibration Check Compounds

Acenaphthene 4-Chloro-3-Methylphenol
1,4-Dichlorobenzene 2,4-Dichlorophenol
Hexachlorobutadiene 2-Nitrophenol

N-Nitroso-di-n-phenylamine Pentachlorophenol

Di-n-octylphthalate 2,4,6-Trichlorophenol
Fluoranthene Phenol
Benzo(a)pyrene

In addition, system performance check compounds (SPCC) are injected to
ensure that minimum RRFs are achieved. The compounds used are listed

in tables 3 and 4 along with their minimum acceptable RRFs.
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Table 3

Volatile System Performance Check compounds

Compound Minimum Acceptable RRF
Chloromethane 0.300
1,1-Dichloroethane 0.30

1,1,2,2-Tetrachloroethane 0.30

Bromoform 0.25
Chlorobenzene 0.30
Table 4

Semivolatile System Performance Check Compounds

Compound Minimum Acceptable RRF

N-Nitroso-Di-n-propylamine 0.050

Hexachlorocyclopentadiene 0.050
2,4-Dinitrophenol 0.050
4~-Nitrophenol 0.050

Once the percent RSD for the CCCs and the minimum RRF for the SPCCs

are met, the calibration is valid and sample analysis can begin.

Gas chromatograph calibration. A calibration Curve is determined
for each of the compounds to be analyzed. Determination of the
calibration curve involves preparing standards (usually three to five)
from EPA standards. The samples are analyzed under normal conditions
and the area under the peak is determined through integration. To
determine the calibration factor, the area under the curve is divided

by a standard amount (sample weight):
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Calibration factor = Area under the curve
sample weight

To determine the variation between the Calibration Factors, a Percent
Relative Deviation is calculated. The percent RSD is calculated by
dividing the standard deviation of the Calibration factor by the mean

of the calibration factors:

%$RSD = Standard Deviation
Mean

If the variation is 1less than 10 percent, the calibration is
considered linear for all the samples analyzed for that particular

compound.

Metals Analyses. Standard curves derived from data consisting of one
reagent blank and three or four concentrations shall be prepared for
each analyte. The response for each prepared standard shall be based
upon the average of three replicate readings of each standard. the
standard curve shall be used with each subsequent analysis provided
that the standard curve is verified by using at least one reagent
blank and one standard at a level normally encountered or expected in
such samples. If the results of the verification are not within +10%
ot the original curve, a reference standard should be employed to
determine if the discrepancy is with the standard or the instrument.

New standards should be prepared quarterly at a minimum.

Balances. Balances are checked daily using weights traceable to class
S weights. Once each month the balances are checked with the Class 35
weights. Acceptance for balances which are direct reading to 0.01
gram shall be +0.01 g for 0 to 100 g and +0.1 percent of the applied
weight over 100 g. A certified balance technician checks the balances

annually.
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DETECTION LIMITS. Procedures described in the CLP documents are used
to determine ability to meet contract required detection limits (i.e.
for metals, standards are run at 3 to 5 times instrument detection
limits taking seven consecutive measurements on three non-consecutive
days; the standard deviation is determined each day and three times
the average standard deviation is used as the actual instrument
detection limit.) For organic analyses, the method detection 1lirits
for the method are used, keeping in mind that the analyses are highly
matrix dependent and higher detection limits are reported when

interferences prohibit the reporting of the specified limits.

REFERENCE STANDARDS

The WES uses a number of sources for reference standards,
including NIST (NBS) and EPA. ' Other Commercial sources are

specified as being traceable to NIST if at all possible.

Reference Standards—Metalé
NIST SPECTROMETRIC Solutions
3104 Barium

3105 Beryllium

3107 Boron

3108 Cadmium

3112 Chromium

3113 Cobalt

3114 Copper

3128 Lead

3131 Magnesium
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3132 Manganese
3133 Mercury
3134 Molybdenum
‘3136 Nickel
3141 Potassium
3149 Selenium
3150 Silicon
3151 Silver
3152 Sodium
3153 Strontium
3158 Thallium
3161 Tin

3165 Vanadium
3168 Zinc

3171 Multielement Solution Mix A (Al, Be, Cd, Cr, Fe, Mg, Mn,
Ni, K, Na)

3172 Multielement Solution Mix B (As, Ba, Ca, Co, Cu, Pb, Se, Ag,
Sr. 2n) .

2124-1,-2,-3,-4 Spectrometric Standard Solutions (Co, Cu, Fe, Ni)

2126-1,-2,-3,-4 Spectrometric Standard Solutions (Sb, As, Se, Sn)

2127-1,-2,-3,-4 Spectrometric Standard Solutions (Al, Be, P, Si)
SPECPURE STANDARDS

" 14485A Aluminum
14487A Calciunm

14375A Iron

ENVIRONMENTAL PROTECTION AGENCY
ICAP-7 (Ag, Si, B, Al, Ba, K, Na)

ICAP-19 (Sb, As, Be, cd, ca, Cr, Cu, Co, Fe, Pb, Mg, Mo, Ni, Se,
V, Zn, Ti, Mn)
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LEEMAN LABS

621-4100 Solution A (Al, Ca, Mg, Fe Traceable to EPA ICAP 7 and

ICAP 19)

621-4100 Solution AB (cCa, Mg, Fe, Ag, Cd, Ni, Pb, Zn, vV,

Co, Cr, Cu, Mn Traceable to ICAP 7 and ICAP
621-4100 Interferencg Check'Sample (Mg Traceable to NBS
621-4100 Interferencé Check Sample (Fe Traceable to NBS
621-4100 Iﬁferferencé;eheck Sample (Ca Traceable to NBS
621-4100 Interference Check Sample (Al Traceable to NBS
e e I
OTHER INORGANIC REFERENCE STANDARDS
NIST
3181 Anion Standard Solution Sulfate
3182 Anion Standard Solution Chloride
3183 Anion Standard Solution Chloride
ORGANIC REFERENCE STANDARDS
PURCHASED ORGANICS
SUPELCO
4-8902__Supe1preme-HC Internal Standards Mix
~-—4-8878 Acids Spiking Solution
4-8869 Base-Neutrals Spiking Solution
4-8876 Purgeable Surrogate Standard Mix-CLP
448875 Acids Surrogate Standard Mix-CLP
4-8925 Base Neutral Surrogate Standard Mix-CLP
4-8990 Dibutylchlorendate
4-8835 Purgeables Internal Standard Mix-CLP
4-8908 Supelpreme~HC Hazardous Substances Mix 2

4-8902 Supelpreme~HC Internal Standards Mix

G -16
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Quality Controt Sample Request

WA are avarlabl/e [roo S57

Form Approved O.M.B. 2080-0016

Telephone

Laboratory

Street

-

4-30-89

City

m

State

Approval of Laboratory Director

Ex3

Zip Code

Check Activity for which samples are requested:

Drinking Water

. EPAIAP‘ Referen% Qils .o i
an Light Crude '

“~Wastewater

Ambient Monitoring

it Toxics (TSCA)

Water Quality/Water Pollution Samples

Demand

————

rm————
—————
———

Prudhoe Bay Crude

South Louisiana Crude
No. 2 Fuel (high arom.)

No. 6 Fuel (high visc.)
Bunker C

]

Other

LAS
Mineral

Nonionic Surfactant Std.

Nutrients

Qil & Grease

Pesticides in Fish
Phenols (4AAP Methoq)
Suspended Solids

PC8Bs

L]

Aro.

in Oils

5883

58858

5

sl Ar0, 1016 in Capac. -« ...
1016 in Hydraul.
. 1016 in Trans.

. 1242 in Capac.
. 1242 in Hydraul.
. 1242 in Trans.

. 1254 in Capac.
. 1254 in Hydraul.
. 1254 in Trans.

. 1260 in Capac.
. 1260 in Hydraul.
. 1260 in Trans.

Trace Metals WP -
Trace Metals WP - If ~
Trace Metais WP - Hil

Other

Other

Priority Pol!utantsmézardous Wastes/Toxic Chemicals

GC/MS Base Neutrals - 11

Aroclor 1260

n-Alkanes Haloethers
Chlorinated Hydrocarbons ICAP
- ——Chi. Hyd. Pest. WP - { Nitroaro. & Isophorone
Chl. Hyd. Pest. WP - II PCBs (specific Aroclors)
Chl. Hyd. Pest. WP - il Aroclor 1016
Cyanide Aroclor 1221
EP Pest. & Herb. ‘ Aroclor 1232
EP Metals Aroclor 1242
GCIMS Acids Aroclor 1248
GCIMS Base Neutrals - | Aroclor 1254

L

GC/MS Base Neulrals - Il

GC/MS

Pesticides - |

GCIMS Pesticides - It

Other

Date Requested:
"PA-360 (Cin) (Rev. 6/83, Pt. 1)

Phthalate Esters

Polynuclear Aromatics |
Polynuclear Aromatics Il

Other

ey
———
e trr—
——
——a———
e —————
at——
—r————

Biological Samples

Supertund (CERCLA)

WS Herbicides

-WS Nitrate/Fluoride
WS Chl. Hyd. Pest. {
WS Chl. Hyd. Pest. it
WS Res. Free Chlorine

WS Trace Metals

WS Trihalomethanes

WS Turbidity

WS Vol. Org. Cont. - |
WS Vol. Org. Cont. - it
WS Vol. Org. Cont. - 1]
WS Vol. Org. Cont. - tv
WS Vol. Org. Cont. - V
WS Vol. Org. Cont. - Vi
WS Vol. Org. Cont. - Vit

Relefence Toxicants
Sod. Laury! Suffate

Algae for Ident.

o= I¥

Date Shipped:

Cadmium Chloride
Simutated Plankton

Other

Solid Wastes/Hazardous Wastes (RCRA)
Water Supply Samples_
WS Corrosivity!Sodium

___Other

STe LA -




PLEASE COMPLETE THE FORM AND MAIL TO:

QUALITY ASSURANCE RESEARCH DIVISION, Room 525

EMSL-CINCINNATI
U.S. ENVIRONMENTAL PROTECTION AGENCY

CINCINNATI,

OH 45268

Form Approved O.M.B. 2080-001¢
4-30-89
Date Request Received
Laboratory Code Number
Request Number

Verified

The USEPA Repository for Toxic and Hazardous Materials
Request for Materials

Telephone

State

Zip Code

_Approval of Laboratory Director, e
y Or Which samples are requested: Ambient Monitoring

Drinking Water Toxics (TSCA)

Wastewater

————

Salid Wastes/Hazardous Wastes (RCRA)

Concentrations are 5000 pg of QAS-pure compound per mL of methanol solvent unless otherwise noted.

E001
£002
£003
£004
E00S

E007
E008

]

upupugunupupuuuu iy
BBNFRVRNIUBISIS

£030

|

Acenaphthene

Acrolein™

Acrylonitrile (10,000 ug/mL)

Benzene

Benzidine

Chlorabenzene
1,2,4-Trichlorobenzene
Hexachlorobenzene (1,000 ugimL)*
1,2-Dichtoroethane
1,1,1-Trichloroethane (10,000 ug/mL)
{QAR)

Hexachloroethane

1,1-Dichloroethane
1,1,2-Trichloroethane (QAR)
1,1,2,2-Tetrachloroethane (10,000 ug/ml)
(QAR)

--Chiaroethane (11,000 pg/mL)*

bis(2-Chloroethyl) ether
2-Chloroethyl vinyl ether (QAR)
2-Chloronaphthalene
2,4,6-Trichlorophenol
p-Chioro-m-cresol

Chioroform

2-Chlorophenol

1,2-Dichlorobenzene
1,4-Dichlorobenzene ‘
3,3"-Dichlorobenzidinz (QAR)
1,1-Dichloroethylene (1,000 ug/mL.)
trans-1,2-Dichloroethylene (11,500 pg/mlL.)
2,4-Dichlorophenol .
1,2-Dichloropropane (10,000 ug/imL})

£033
E034

g
[+]

E037

mmm
588

i

£041
- E042
£043

g

EO46

28
33

EO0ST1
E0s2

g

E054
E0S55

afapgubs
22848

EO61
E062
E063
E064
E065
E066
£067

L]

2,4-Dinitrotoluene
2,6-Dinitrotoluene

Ethylbenzene (10,000 ug/mL)
Fluoranthene :
4-Chlorophenyl phenyl ether
4-Bromophenyt phenyl ether
bis(2-Chloroisopropyl) ether (QAR)
bis{2-Chloroethoxy) methane (QAR)
Methylene chioride (10,000 ugiml)
Methyl chioride**

Methyl bromide (9,940 ugimL) (QAR)™
Dichlorobromomethane
Fluorotrichloromethane
Hexachlorobutadiene (QAR)
Hexachlorocyclopentadiene
Isophorone

Naphthalene

Nitrobenzene

2-Nitrophenol

4-Nitrophenol

2,4-Dinitrophenol (QAR)
4,6-Dinitro-o-cresol
N-Nitrosodimethylamine
N-Nitrosodiphenylamine
N-Nitrosodi-n-propylamine
Pentachlorophenol

Phenol

bis(2-Ethyl hexyl) phthalate

Butyl benzyl phthalate

Di-n-butyl phthalate

Di-n-octyl phthalate

{compounds continued on reverse)

‘In Acetons “In para-Dioxane

Date Requested:

“In 2-Propanol

~~in Acetornitrile

In Methylene chioride

‘PA-360 (Cin) (Rev. 6,83, PL. 3)

168

* *in Isooctane  ** *In Cyclohexanone

Date Shipped:

Superfund (CERCLA) 7




E068 Diethyl phthalate
E069 Dimethyl phthalate
E070 Benzo(a)anthracene (1,000 ug/mL)

E072 Benzo(b)uoranthene (2,500 ug/ml)*
EQ73 Benzo(k)uoranthene (1,000 ug/mL)*
£074 Chrysene (1,000 ug/mL)*

£075 Acenaphthylene (QAR)

EQ76 Anthracene (1,000 ug/mt)*

E077 Benzo(g.h,i)perylene (1,000 ,&‘g/mL)"
E078 Fluorene (QAR)

EQ79 Phenanthrene .

E081 Indeno(1,2 3»c.d)pyn=ne {500 ygtmL)'
£082 Pyrene (1,000 pg/ml.)
E083 Tetrachloroethylene
£084 Toluene (10,000 ug/mtL)

‘ . i thylene (10,000 pg
 — e AR T
—_____E089 Chiordane (QAT)
E091 4,4'-DDE ’
____E092 4,4'-DDD
5093 alpha-Endosulfan (1,000 pg/imlL)*™
T E094 beta-Endosulfan (1,000 ug/mL)™

1111

|

£095 Endosuifan suifate {1,000 pgimL) (QAR)™

T _E096 Endrin (QAR)

_____E097 Endrin aldehyde (2,500 ug/mL)
6098 Heptachlor

~_E099 Heptachlor epoxide (2,500 pg/mL)
“__E100 alpha-BHC (2,500 ugimL)
____E101 beta-BHC (2,500 pgimL)*

T E102 gamma-BHC (Lindane)

T _E103 delta-BHC (1,000 ugimlL)

" E104 PCB-Arocior 1242 (QAT)

T E107 PCB-Aroclor 1232 (QAT)

T E108 PCB8-Aroclor 1248 (QAT)

T _E110 PCB-Aroclor 1016 (QAT)

T _E111 Toxaphene (QAT)

T E124 4,4-DDT

- E125-PCB-Aroclor 1016 (QAT)**
T E126 PCB-Aroclor 1221 (QAT)

“E129 PCB-Aroclor 1260 (500 ug/mL) (QAT)**
T E129 PCB-Arocior 1260 (1,000 pgimL) (QAT)* *
—"E129 PCB-Aroclor 1260 (3,000 pg/mL) (QAT)** -

—_____E130 PCB-Aroclor 1262 (QAT)**

E136 Bromochioromethane (10,000 ugiml.)
E149 2,4-Dichiorotoluene
E150 2-Chlorotoluene

E071 Benzo(a)pyrene (1,000 ug/mlL) (QAR)*

4 ‘ﬂlﬂm«w«w

—"E131 PCB-Aroclor 1268 (2,500 pgimL) (QAT)**
E132 PCB-Aroclor 1242 (500 pg/mL) (QAT)**
E£132 PCB-Aracior 1242 (1,000 ugimlL) (QAT)**
—"E132 PCB-Aroclor 1242 (3,000 pg/mL) (QAT)**
~—"E135 PCB-Aroclor 1254 (500 pg/mL) (QAT)**
E135 PCB-Aroclor 1254 (1,000 pg/imlL) (QAT)}"*
E135 PCB-Aroclor 1254 (3,000 pgimL) (QAT)"*

E151 3-Chlorotoluene
E152 4-Chlorotoluene (QAR)
E153 4-Chlorobenzotrifiuoride
E156 Pentachloronitrobenzene
E168 alpha, alpha,2,6-Tetrachlorotoluene
E£169 Benzyl chloride (QAR)™
E170 2,3-Dichloro-1-propylene
(10,000 ug/mt)
E171 1,2-Dibromoethane (EDB) (10,000
ug:mtL)
E173 cis-1,2-Dichloroethylene
{10,000 ug/mL) (QAR)
E175 1,2,3-Trichlorobenzene
E176 1,3.5-Trichlorobenzene
E177 1,2,4,5-Tetrachiorobenzene*™™
(2,500 ugimlL) (QAR)*
E179 2,4,5-Trichlorophenol (QAR)
E180 2,4,6-Trichloroaniline
E182 3-Chiorophenol
E183 4-Chlorophenol
E200 Chlorodibromomethane
(10,000 ug/imL) (QAR)
E201 ortho-Xylene
E202 meta-Xylene
E203 para-Xylene
£212 Bromoform (10,000 ug/mi) (QAR)
E214 1,3-Dichlorobenzene
E218 cis- and trans-1,3-Dichloropropylene
(QAR)
E219 Mirex (1,000 pgiml)*
E220 Aldrin
£222 2,3,5-Trichlorophenol (QAR)
E224 2,4-Dimethylphenol (QAR)
E225 1,2,3,4-Tetrachlorobenzene
(2,500 ugiml)
E231 Dibenzo(a,h)anthracene (1,000 pug/imL)™
E236 n-Decane
E£237 n-Undecane
T E238 n-Dodecane
£239 n-Trnidecane
n-Tetradecane
E241 n-Pentadecane
E242 n-Heptadecane (2,500 ugiml.)
E244 n-Nonadecane (1,000 ugiml )
E250 ortho-Cresol (QAR)
E251 meta-Cresol (QAR)
E252 para-Cresol
£255 Dibutyl ether
E257 Styrene
E258 Epichlorohydrin*™™
E260 Pentachlorobenzene (2,500 ug/ml)
E261 Dibenzofuran
E262 Diphenyl ether

T 1L

N
8
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{compounds continued on reverse)

‘In Acetone
Date Requested:

~in para-Dioxan

~in 2-Propanol

~~in Acetonurile
Date Shipped:

* * *in Cyciohexanone

‘PA-360 (Cin) (Rev. 6.83, Pt. 4)
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PLEASE COMPLETE THE FORM AND MAIL TO:
QUALITY ASSURANCE RESEARCH DIVISION, Room 525
ZMSL-CINCINNATI

U.S. ENVIRONMENTAL PROTECTION AGENCY
CINCINNATI, OH 45268

Form Approved O.M.8. 2080-0016
4-30-83

Date Request Received

Laboratory Code Number

Request Number

Verified

The USEPA Repository for Toxic and Hazardous Materials
. L Request for Materials

Please Print or Type 0

Name Telephona
Company . -

Laboratory -

Street

City State

: Zip Code
_%W@; i
vity for which samples are requested: _____Ambient Monitoring Superfund (CERCLA)

Drinking Water Wastewater Toxics (TSCA) Solid Wastes/Hazardous Wastes (RCRA)
Concentrations are 5000 ug of QAS-pure compound per ml of methanol solvent unless otherwise noted.

E263 Diphenylamine E470 PCN Halowax 1099 (QAT)
E270 Acrylamide (10,000 ug/mL) £471 PCN Halowax 1001 (QAT)
E271 Pyridine (10,000 ug/ml.) £472 PCN Halowax 1000 (QAT)
E282 Diisodecy! phthalate E473 Acetonitrile™ '
E284 Acetone E475 Allyl alcohol (1000 ug/mL)
E285 Diethyl ether E480 para-Dioxane (10,000 ugimt )
E286 1,2-Epoxybutane™ E536 Vinyl chloride ™

E295 Phenacetin E541 Benzoic acid™

£E298 N-Nitrosopyrrolidine £542 Aniline

£E299 2-Fluoroacetamide E543 Propargyl alcohol (1000 ug/mL)** *
E300 Pentachioroethane E548 N,N-Dimethylformamide

E305 4-Chloroaniline E552 2,4,5-TP (Silvex) (QAR)™
E311 Methyi ethyl ketone {10,000 ug/mL) E560 Ethyiparathion (1000 ugimtL )™
£322 Methylene bis(o-chloroaniline) E565 2-Naphthylamine (1000 pg/ml)

L

E324 o-Nitroaniline ES67 7,12-Dimethylbenz(a)anthracene (1000
£325 m-Nitroaniline ugimlL) (QAR)
E329 Ethylenethiourea S E572 Methylparathion (1000 pgimiL)=
E330 2,4-Dichlorophenoxyacetic acid (2,4-Dj™ ES73 Kepone (1000 ugiml) (QAR)
E334 N-Nitrosodiethylamine = E662 3-Nitrophenal
E335 1,1,1,2-Tetrachloroethane (QAR) E669 1-Methyl ethyl benzene {Cumene)
E337 Malononitrile E686 Methacrylonitrile (1000 pgimL.)
E338 Propionitrile E687 Ethylmethacrylate (1000 ug/ml)
£342 p-Nitroaniline £688 2-Picoline
£349 4-Methyl-2-pentanone E700 Resorcinol
E360 Carbon tetrachloride E713 Picloram (1000 ugimtl.)~
E363 Carbon disulfide E715 Carbofuran
£364 Hexachloropropylene (1000 pg/imL) £952 p.p’-Methoxychlor
E366 Safrole ' £954 Aldicarb (1000 pgimlL )~
£368 1,2,3-Trichloropropane E993 1,2-Dibromo-3-chloropropane
E369 Saccharin (2000 ugimL) E995 Aldicarb sulfone (1000 pgimL)=
E375 3-Chloropropionitrile (1000 ug/ml.) E996 Aldicarb sulfoxide (1000 ug/mt )=
£406 Bromobenzene £1089 Alachior (1000 pg/mlL)
E411 Acetophenone E1090 Atrazine (1000 pg/imL)
E439 Methylmethacrylate (1000 pgimL ) E1097 Dibromomethane :
£455 Dinoseb™ E1103 1,3,5-Trimethytbenzene {Mesitylene)
E458 1-Nitrosopiperidine £E1104 sec-Butylbenzene

D
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E1105 n-Butylbenzene E1109 1,3-Dichloropropane

E1106 tert-Butylbenzene E1112 n-Propylbenzene (1-Phenylpropane)
T E1107 1,2,4-Trimethylbenzene (QAR) E1166 1,1-Dichloro-1-propylene (QAR)
T _EI108 4-Isopropyltoluene (p-Cymene) (QAR) E1167 2,2-Dichloropropane

Surrogates and Internal Standard for USEPA GCIMS Methods 624 and 625

£188 Phenanthrene - d1g (150 ug/mlL) . . E197 2-Bromo-1-chloropropane-dg (150

E189 Phenol - ds (100 g/mL)" - ugimL) (QAT)

E190 2,4-Dimethylphenol-3,5,6-d3 1100 E£198 Bromachloromethane-dz (150 ugimL)

rg/mL) (QAR)" E199 Benzo(g,h.)perylene-13C 2 (100 pgimlL)*

E191 Pentachlorophenol 13Cg ( 100 pug/mL)* i E232 Fluorobenzene (150 ugiml)

E192 Dimethyl phthalate - dg (150 pgimL)* ) E233 4-Bromofiuorobenzene (150 ug/mL)

E193 2-Fluorophenol (QAR) (100 pg/imL)* £234 4,4-Dibromooctaflucrobiphenyl (100

E194 2-Fluorobiphenyi (100 ug/mL)* ) ugimL)*

E195 -Fluoronaphthalene (100 u g/imL)* E776 1,2-Dichlorobenzene-dg (150 ugimlL)

ObU‘a,,Q,..,,.dB ‘L,Q,\l‘glmL)mwm.%~h,k gty e

“In Acetone  “In para-Dioxane “"in 2-Propanol ~in Acetonitrile  *+Methylene chloride  + +in Isooctane

Date Requested: Date Shipped:

EPA-360 (Cin) (Rev. 683, Pt. 1)



REQUEST FOR REFERENCE STANDARDS

MAIL TC: Robert E. Thompson, NSI JQTIM\ §9
U.S. Environmental Protection Agency Date
Pesticides & Industrial Chemicals Repository (MD-8) w. s/ 3
Research Triangle Park, NC 27709 USA :
2lephone: Technical Assistance: (919) 541-3951 Date Request Received
(FTS) 629-3951 Date of Shipment
Emergencies: (702) 798-2690 Laboratory Code Number _ 305 5O
(FTS) 798-2690 Request Number
Off-hour EMERGENCIES: (919) 836-0639 Verified
The following reference standards are reéaired for our program: THIS BLOCK FOR AGENCY USE ONLY
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SUGGESTIONS FOR FUTURE REFERENCE STANDARD ADDITIONS

Industrial Chemical Compounds Pesticides and Pesticide Derivatives
(Systematic chemical names are preferred) {Trade, generic, and/or commaon names are preferred)
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4-8907 Supelpreme-HC Hazardous Substances Mix 1

4-8851 Purgeables A

4-8852 Purgeables B

4-8853 Purgeables C

A List of EPA Standards ordered from the repository at Research Trianc
Park is attached. ;ﬁ

Chlorinated‘giphenyl Sggndards were purchased from the National
Research Council of Canéda for congener analysis.

B e e e
STANDARD REFERENCE MATERIALS AND CHECK SAMPLES FOR QUALITY

"~ CONTROL

The following SRMS from NIST are in the laboratory:
1642b Mercury in water J
1643b Trace elements in water
1645 Trace elements in river sediment
1646 Trace elements in estuarine sediment
1566 Oyster tissue
1567 VBovine Liver

mhl?lé Tomato leaves
Quality Controi samples from Environmental Resource Associates
are recelved on -a quarterly basis for waste water, potable
water, prlorlty pollutants, and pesticides. -

Additional quality control samples from EPA and NRC of Canada are

ordered as needed to supplement samples listed above.

DATA EVALUATION
All data 1is checked by the analyst, the inorganic tean

leader or the organic team leader, and the Chief, ALG before it
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is submitted to the customer. The following items are checked:
1. Completeness

2. Duplicate values for precision

3. Recovery of Spikes for accuracy

4. Method blanks for contamination

$. Surrogate reéovérges for organic analysis

6. Data for. QA check samples (EPA, ERA or NBS SRMs)

7. Reasonablenpss anddz;ends

If data falls outside acceptable limits as described in the

5 - _ ot A DRI AN Sront [ Bt o RN VRIS e
procedures, samples are rerun if sample is avallable. If data

falls outside acceptable limits on the reruns and QA check sample
data is good, then data may be reported with qualifying
explanations. Acceptable data is usually defined by the

procedures (i.e. SW-846, CLP, 600 methods, 500 methods).

CONTROL CHARTS

All inorganic parameters routinely analyzed are charted. A
minimum of 20 points is required for 1limit calculations. Precision
control_ charts are prepared from the duplicate analysis data and
-accuracy charts are prepared from matrix spikes. Future charts will
also be prepared utilizing blank spike data. Charts are also prepared
using SRMs and external QA samples. Control charts for organics are
limited to the CLP spiked coméounds and surrogates. PCB-1248 is the

spiking compound for PCB analysis.
CORRECTIVE ACTIONS

During the performance of work under any laboratory task, out of

control conditions may occur which call for corrective action.
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Typically QC parameters given in the various methods are employed to
determine the need for action. The type of action required shall be
documented, although documentation may only require appropriate
instrument and/or laboratory logbook entries, as opposed to a formal
corrective action memo.

Corrective actions may also include procedural matters related to
internal cuqﬁody of saﬂgles, sample log-in, sample data processing and
so forth. Tﬁése are ﬁ;;ally provided via inhouse memo from the Chief,

ALG.

X o i MG SR ’ STRER Y S ok
As necessary modifications to inhouse procedures, equipment,

standards, policy and so forth may be needed to rectify recurring
or otherwise significant laboratory problems. These are usually
resolved via group meetings where a course of action is decided

upon and a time for correction is defined.

When significant changes ar‘e made the QA manual will be
updated to reflect the changes.
Use of a form to document corrections will be implemented
October 1989.
~GC/MS TUNING
GC/MS tuhing is performed using Hewlett-Packard recommended
procedures for the quadrapole systems and is included in the

instrument manuals (copy attached).

DATA REDUCTION.
Data reduction is shown in the following flow chart. It is the
responsibility of the analyst to conduct initial data reduction. The

readings from the instruments or analytical system are calculated into
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DATA REDUCTION
ANALYSIS FLOW CHART

LABORATORY DATA MANAGEMENT SYSTEM
iy

I {Bench Sheets)

“**ANALYSIS OF SAMPLES
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LABORATORY DATA MANAGEMENT SYSTEMT?—9 QC’ CHECK
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CHIEF, ANALYTICAL LABORATORY GROUP

b

LABORATORY DATA MANAGEMENT SYSTEM

= FINAL REPORT
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DFTPP TUNING

REFERENCES:
E-~16
D-98 regulations detailed
E-11 ~ spectrunm
D=-102 2.6.1.2 - Demonstrates consistant spactra from MS
to MS. Spells out requirements for qualitative
BN veritication that must be met.
NOTES:
A) DFTPP must be verified once per shift or every 12 hrs.

nmn-umn.n—mnnnunwa)-~Notc‘that‘a11“us give“different looking DFTPP spectra,

€)

D)

which implies a wide range of PFTBA spectra.

69 = 100 =-=|
219 = 55 == fairly normal
502 = 1,2 ~-=|

69 = 100 --| )
219 = 20 |=-- perfectly ok, often
502 = 0.2 -~| seen on benchtops

There are many different ways to tune DFTPP. The
methods given below (some specific, some general)
are ways that many users have found successful.
In addition, there are many "markers" that different
users look for during the tune that seem to indicate
that the tune will be successful. Some of the more
popular of these goals are:
1 Tune until 219 and 131 are approximately
equal and range between 20 and 60% of
69. .
2) After tuning, check spectrum scan and
see if m/e 50 and m/e 502 are equal.
The closer to equal, the better the
chance that the tune will be successful.

Look for guidelines such as these on your MS to
help quide you during tuning.

DO NOT TUNE UNLESS IT IS NECESSARY! It will cost you
only 5 - 10 min to attempt to verify your last tune.

Experience has shown that the more often you tune, the
more often you have to recalibrate your ID file. This

is because you are adjusting your mass response ratios
when you tune.
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PROCEDURE A: 5987/5988

MANUAL TUNE - PFTBA OPEN
1) REPEAT PROFILE - set plunger to max 219
2) Set GC.temp to 225-275 (ie. elution temp of DFTPP)
80 GC flow = flow at DFTPP elution.
3) Run AUTOTUNE - set source to 250
4) MANUAL TUNE (source € 250, GC ~ 250)
_ 5) get A/D =1 (0.5 sec/scan or faster)
NG YU~ " REPEAT *PROFILE~about “1 min to warm up and
stabilize the source and ENM.
7) PARAMETER RAMP (make sure plunger is adjusted)
Begin to max 219, starting with REP

A) REP
B) IF
C) DO

D) ENT LENS
leave the X~RAY alone at this point.
- 8) in REPEAT PROFILE use the X-RAY to set 69:219:502
(’ ratio. 502/219 should be >3% and <5%. (do not be
confused and set 502/69 ratio).
9) use DO to achieve final ratios, if needed.
10) do PEAK WIDTH and MASS AXIS CALIBRATION
11) check spectrum to make sure calibrations did not
shift peak ratios.
12) store tune as MTIDFTP

NOTES: .

A) If 502 has a precursor, you will probably lose m/e 441
in DFTPP spectra. This is more of a problem on bench-
tops than big systems. Cleaning the ENT LENS will
often eliminate this precursor.
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PROCEDURE B: 5995

A) Set oven to 250 with XFR,OVN1,250 (ie. elution temp of
DFTPP, 80 GC flow = flow at DFTPP elution)
B) Set source to 250 with XFR, SORS,250
C) Run AUTOTUNE ..
D) MANUAL TUNE -~ PFTBA OPEN
Note: 1If you have previously created a manual tune
file, use NEW TUNE FILE to load it.
1) Edit temp zones
i semnifiin SOUL CQ s DG () rmsmmisa v = onir
Analyser 180
Transfer 280
2) Edit scan parameters to set A/D =1 (0.5 sec/scan
or faster)
3) run REPEAT PROFILE about 1 min to warm up and
stabalize source and EM.
4) PARAMETER RAMP -~ begin to max 219

A) REP leave alone
B) IF most useful lens
C) ENT LENS can be useful

{ leave the X-RAY alone at this point.

NOTE: on benchtops, if we set IF = 100, this is
often all that is necessary. As a first attempt
just adjust the IF and leave other lenses alone.
5) in REPEAT PROFILE, use X-RAY to set 69:219:502
ratio. 502/219 ratio should be >3% and <5%
(do not be confused and set 502/69 ratio).
Adjust ratio using X-RAY, being careful not to
adjust too far and deteriorate peak shape.
e e 6) do PEAK WIDTH and MASS AXIS CALIBRATION
7) SPECTRUM SCAN - check spectrum to make sure
calibrations did not shift peak ratios. Remember,
502/219 should be >3% and <5%. Also, look at
1317219 ratio. They should be approximately
equal. ~
8) Store tune as MTDFTP

NOTES: '

A) If 502 has a precursor, you will probably lose m/e 441
in DFTPP spectra. This is more of a problem on bench-
tops than big systems. Cleaning the ENT LENS will
often eliminate this precursor.
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appropriate concentration units for the results. Rounding occurs only
after calculations are complete. The calculations are normally
performed on the raw data sheets. The results are then transcribed on
to the computer generated data files.

The next step in data reduction is data review by the team
leader. Data is Chéqged for validity and completeness. Questionable

data is brought to the attention of the analyst and corrective action
N . Y?}

is taken if necessary.

Data is then forwarded to the sample management officer for entry

nto the Laboratory Data Ménagement system.. Data entry is checked by

, the team leader, corrections are made, and the report is then sent to
the quality assurance officer and the Chief, Analytical Lab Group for
review. Any corrections are made and final report is generated that

has been initialed by the Chief, ALG. All raw data is filed.

DATA OUTLIERS
Sample data that falls outside acceptable limits are reanalyzed
if possible. If sample is not available to rerun the sample, data are

reported with qualifying statements and with external QA data to
“_‘*m;L;;ort the results, assuring that the analytical system was in
control. Method blanks are analyzed with each set of samples and
"reported with the sample data. Organic method blanks are spiked with
surrogates.
AGENCY APPROVALS

| As the primary research and development facility for Corps
environmental research, the ALG has not solicited formal apprcvai from

other agencies o1 states, although the ALG has conducted numerous

research projects for the Environmental Protection Agency, the Navy,
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the Coast Guard, the Air Force, and other Army branches. The ALG is a
validated Quality Assurance Laboratory for the Corps Superfund and
DERP projects.
- INTERNAL AUDITS
Several methods of internal audits are used including worksheet
review, on-site anal§st review, intra- and interlaboratory sample
ekémination.x,Present1§5the ALG participates in the Corps of Engineers
Interlaboratory Testing Program and subscribes quarterly to the
. ”ﬁnxgEggmgg&g;“ResearchmAssociates'Quality Contrcl Sample program
(beginning October 1989, subscription will be bimonthly). In addition
the QA officer submits EPA, NRC or NIST quality assurance samples to
the laboratory for internal review of the measurement process. System
audits are conducted semi-annually to evaluate sample handling, sample
analysis,record control, proficiency testing, personal practices,
training, workload, and manpower needs.
 DOCUMENT FLOW
The sample management officer is also the in charge of document
contrél. She maintains the master logbook, the computer logbook, the
- .computer-generated bench sheets, the completed computer generated
bench sheets and the final computer generated reports. Each analyst
maintains the raw data files from his/her instruments. The document
flow is outlined in the Data Reducﬁion Analysis Flow Chart. Final

Data reports are approved by the team leader, the quality assurance

officer and the Chief, ALG.
QA REPORTS

QA reports are tailored to customer request. QA reports for

G,.Zl



DERP projects where WES ALG serves as the QA 1lab utilize the
following outline. ‘
A. Cover letter
B. Report Narrative
1. Summary
2. QC data d%scussion
3. OQA/QC data comparison
y -

4. oﬁher Probléms

5. Corrective Actions

O ieth e e LV R 1 VS
c. Data comparison tables

St S 2
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