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1.0 PROJECT DESCRIPTION 

The Naval Surface Warfare Center (NSWC) Crane prepared a Quality Assurance Project Plan (QAPP) 

re t ra  Tech NUS, Inc. (Tetra Tech). 20041 for a Phase Ill Resource Conservation and Recovery Act 

(RCRA) Facility Investigation (RFI) at the following Solid Waste Management Units (SWMUs): 

SWMU 8, Building 106 Pond 

SWMU 15, Roads and Grounds Area 

That QAPP also governed data collection for completion of the United States. Environmental Protection 

Agency (U.S. €PA) Region 5 Resource Conservation and Recovery Information System (RCRIS) code 

Environmental Indicator (El) Form (Form CA725) for the following sites: 

SWMU 18, Load and Fill Area Buildings 

SWMU 19, Pyrotechnic Test Area (PTA) 

SWMU 20, Crane Army Ammunition Activity (CAAA) Quality Assurance (QA) I Quality Control (QC) 

Test Area 

Old Gun Tub Storage Lot (OGTSL) 

That QAPP was approved by U.S. EPA Region 5, and the required field work was conducted in 

accordance with the QAPP. 

QAPP Addendum No. 1, dated November 2006, was approved by U.S. EPA Region 5. QAPP Addendum 

No. 1 was developed to include Interim Measures (IMs) Work Plans (IMWPs) to govern IMs conducted at 

the following Crane sites: 

Old Pistol Range (OPR) and Old Rifle Range (ORR) at SWMU 7 

SWMU 8, Building 106 Pond Area 

SMWU 13. Mine Fill B 

SWMU 17, PCB Pole Yard 

The focus of the IMWPs was excavation of contaminated soil and sediment and other IMs that were 

designed to reduce or eliminate the extent and magnitude of contamination at each of these four sites. 

CTO 0467 
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QAPP Addendum No. 2 was developed to govern the sampling and analyses of surface soils to provide 

data on potentially site-related organic and inorganic chemical concentrations at UXO 5 and UXO 7. 

QAPP Addendum No. 2, dated August 2007 has been submitted to U.S. EPA Region 5, and is awaiting 

approval. 

QAPP Addendum No. 3 was developed for the collection and analysis of surface and subsurface soil 

samples at SWMU 9 (Pesticide Control Area) to complete delineat~on of pesticide contamination and to 

determine whether herbicide contamination is present. The information collected will be provided in a 

report and will be used as follows: 

Refine the extent of pesticide contamination requiring remediation. . Establish whether herbicide Contamination is present at concentrations requiring remediation. 

Provide data for determining whether the soils contain listed hazardous wastes. 

Provide data for determining whether the RCRA Land Disposal Restriction (LDR) requirements are 

met. 

1.1 DESCRIPTION OF QAPP ADDENDUM NO. 4 

This QAPP Addendum No. 4 governs sampling and analyses for the purposes of remediation and waste 

disposal of materials removed from SWMU 9. Specifically, the following objectives will be ach~eved. 

Confirming that cleanup goals have been met. . Provide data on residual contaminant concentrations in soils 

It is a supplement to the approved IMWP (Tetra Tech, 2007) 

This Addendum was prepared for the NSWC Crane facility, located in Crane, Indiana, through the Naval 

Facilities Engineering Command Midwest (NAFVAC MW) under Contract Task Order (CTO) 0467 for the 

Comprehensive Long-Term Environmental Action Navy (CLEAN) IV. Contract Number N62467-04- 

D-0055. For any work to be conducted under this Addendum that is unique to this project, the 

appropriate information is presented in this document or references are provided to other documents 

containing the required information. 

Site physical conditions are summarized in the IMWP (Tetra Tech, 2007) for SWMU 9. Descriptions of 

the IM to be conducted, except details of confirmation sampling and analyses and waste disposal 

sampling and analyses, are described in Section 3.0 of the IMWP. Additional details of the IM are 

090706/P 1-2 CTO 0467 
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provided in the remaining sections of the IMWP. Therefore, only very brief descriptions of the sites are 

provided below. 

1.2 SCOPES OF WORK 

1.2.1 Surface Soil Excavations 

SWMU 9 planned surface soil excavation [0 to 2 feet below ground surface (bgs)] areas are identified on 

Figures 1-1 and 1-2. The surface soil excavation area located at the former fire training area (south of 

former Building 55) includes approximately 30 cubic yards (cy) of Toxic Substance Control Act (TSCA) 

regulated soil and approximately 193 cy of non-TSCA regulated soil (volumes based on in place 

contaminant concentrations). The surface excavation area located south and west of the former 

Building 55 includes approximately 666 cy of hazardous soil (based on in place contaminant 

concentrations and historic process knowledge). The surface soil excavation area located south of 

Building 150 includes approximately 26 cy of non-hazardous soil (based on in place contaminant 

concentrations). 

Northing and Easting coordinates for the surface soil excavation area vertices are provided in Table 3-2 

of the IMWP. The volume of soil removed from each excavation area is based on the area of each 

excavation and the 2-foot excavation depth, with no sloping of the excavation sides. Volume calculations 

are provided in Appendix B of the IMWP and summarized below: 

* TSCA regulated material 
" Hazardous material 

Excavation Area 

Fire Training Area 

Fire Training Area* 

Former Building 55 
Area" 

Building 150 Area 

Physical features will not be removed during the excavation of surface soils. Physical features include, 

but are not limited to, steam lines, monitoring wells, buildings, concrete pads, railroad track, and 

bituminous concrete paved roads. The volume estimates presented in the IMWP assume that these 

physical features remain in place. 

CTO 0467 

Depth of  
Excavation 

2 feet bgs 

2 feet bgs 

2 feet bgs 

2 feet bgs 

Total Surface Soil to be Excavated 

Volume 

184 cy 

39 cy 

673 cy 

26 cy 

Weight 

274 tons 

58 tons 

999 tons 

39 tons 

922 cy 1.370 tons 
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Sediment that accumulates in the erosion and sediment control devices (see Section 4.0 of the IMWP) 

prior to verification that all contaminated soil has been removed from the associated surface soil 

excavation areas will be disposed off-site along with the excavated contaminated surface soil. Following 

verification of contaminant removal, sediment that accumulites in the erosion and sediment control 

devices will be placed in the excavation as backfill material or spread across the disturbed ground surface 

of the associated soil excavation area. 

The amount of soil to be excavated at Former Building 55 may change based on the recent sampling 

event under QAPP Addendum No. 3. 

The following is a listing of the chemicals of concern (COCs) that are present at each of the three 

excavation areas. 

Excavation Area Applicable COCs 

I Former Fire Training Area 

Former Building 55 Area 

Confirmation Sampling 

Polychlorinated Biphenyls 
(PCBs) 

Pesticides and Diesel Range 
Oraanics (DROI , - -  

Sample collection and analysis, handling of confirmation sampling derived waste, and decontamination 

procedures will be consistent with those described in the approved QAPP for SWMUs 8. 15. 18, 19, and 

20 and the Old Gun Tub Storage Lot (Tetra Tech. 2004). The rationale for using this QAPP as the source 

QAPP is that it was prepared for similar field activities and analytical methods at NSWC Crane and was 

approved by EPA Region 5, which is also the lead regulatory agency for the SWMU 9 activities. 

Building 150 Area 

Following soil excavation, samples will be collected from the soil remaining on the excavation floors and 

sidewalls to verify that residual PCB, pesticide, and DRO concentrations in the exposed soils are 

acceptable. The COC media cleanup goals for achieving acceptable human health risks in soil at 

SWMU 9 are listed in the following table: 

DRO 
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1 Toxic Substances Control Act (TSCA) high occupancy areas standard of 
Ipar t  per million (ppm) [40 Code of Federal Regulations (CFR) 
761,61(a)(4)(i)(A)j and low occupancy areas standard of 25 ppm (40 CFR 
761.61 (a)(4)(i)(A)]. 

2 Indiana Department of Environmental Management (IDEM) Default Closure 
Level for direct contact to soil under a residential scenario. 

3 Risk-based concentration for residential exposures to soil based on a target 
hazard index (HI) of 0.1. 

4 Risk based concentration for residential exposure to soil based on a 1E-05 
cancer risk level. 

2,4-D - dichlorophenoxyacetic acid 
2,4,5,-T - trichlorophenoxyatetic acid 
2,4,5-TP - trichlorophenoxypropionic acid 
DDD - dichlorodiphenyldichloroethane 
DDE - dichlorodiphenyldichloroethylene 
DDT - dichlorodiphenyltrichloroethane 
ppb - parts per billion 
ppm - parts per million 

Following completion of soil removal, Tetra Tech will also collect samples from beneath Environmental 

Multi-Award Contractor (EMAC) North Wind Remediation Services, Inc. (NWRS) support facilities 

(decontamination pads, materials storage areas, and temporary access roads), if needed, to verify that 

surface soils below these facilities were not inadvertently contaminated during remediation activities. 

Details on the samples to be collected by Tetra Tech, including descr~ptions of the sampling plan designs, 

are provided in Section 3.0 of this QAPP. 
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Waste Characterization 

In addition to the samples collected by Tetra Tech. NWRS will collect waste characterization samples to 

satisfy the selected disposal facility permit requirements. Details about the samples to be collected, 

including descriptions of the sampling plan designs, are provided in Section 3.0 of this QAPP. 

1.2.2 Subsurface Soil Excavation 

All SWMU 9 subsurface soils identified as having COCs at concentrations that result in unacceptable 

risks to ecological and human receptors will be removed, characterized, and disposed at approved off-site 

hazardous and non-hazardous waste disposal facilities. NWRS intends to use in-situ samples for 

characterization purposes. However, site conditions may require that some soils be excavated and 

stockpiled or containerized for characterization sampling. All excavated soil will remain on site until waste 

characterization has been comoleted. 

The planned subsurface soil excavation areas are identified on Figures 1-1 and 1-2. The subsurface 

excavation area located at the former fire training area (south of former Building 55) includes 

approximately 395 cy of non-TSCA regulated soil and 39 cy of TSCA regulated soil (based on in place 

contaminant concentrations). The subsurface excavation area located south and west of former Building 

55 measures includes approximately 11 1 cy of hazardous soil (based on in place contaminant 

concentration and known historic process). 

Northing and Easting coordinates for the subsurface soil excavation area vertices are provided in 

Table 3-2 of the I M W P  Due to the depth of this excavation, the excavation requires sidewalls that are 

sloped to provide for a stable excavation. This layback of side slopes requires the removal of an 

additional 312 cy of soil from the Former Fire Training area excavation and an additional 84 cy of soil 

from the area south and west of former Building 55. This soil will be disposed off-site with the other 

excavated soils but should be kept separate from identified hazardous materials to the extent possible for 

disposal characterization purposes. It is expected that the sidewall excavation soil at the Former Fire 

Training Area will be characterized as non-TSCA regulated soil and the sidewall excavation soil from the 

area south and west of former Building 150 will be characterized as hazardous waste. 
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TSCA regulated material .. Hazardous material 

Confirmation Sampling 

Weight 

644 tons 

463 tons 

165 tons 

125 tons 

1,397 tons 

Following soil excavation, samples will be collected from the soil remaining on the excavation floors and 

sidewalls to verify that residual concentrations in the exposed soils are acceptable. 

Volume 

434 cy 

312 cy 

Ill cy 

84 cy 

941 cy 

Excavation Area 

Fire Training Area 

Fire Training Area 
Side Slopes 

Former Building 55" 

Former Building 55 
Side Slopes" 

The COC media cleanup goals for achieving acceptable human health risks in soil at SWMU 9 are listed 

in the following table: 

Depth of Excavation 

5 feet bgs 

5 feet bgs 

4 feet bgs 

4 feet bgs 

1 TSCA high occupancy areas standard of 1 ppm [40 CFR 761,61(a)(4)(i)(A)] 
and low occupancy areas standard of 25 ppm [40 CFR 761,61(a)(4)(i)(A)]. 

2 IDEM Default Closure Level for direct contact to soil under a residential 
scenario. 

3 Risk-based concentration for residential exposures to soil based on a target 
HI of 0.1.. 

4 Risk based concentration for residential exposure to soil based on a 1E-05 
cancer risk level. 

Total Subsurface Soil to be Excavated 
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Waste Characterization 

In addition to the samples collected by Tetra Tech. NWRS will collect waste characterization samples to 

satisfy the selected disposal facility permit requirements. Details about the samples to be collected, 

including descript~ons of the sampling plan designs, are provided in Section 3.0 of this QAPP. 
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2.0 PROJECT ORGANIZATION AND RESPONSIBILITIES 

This section describes the project management, organization, and responsibilities of key personnel for 

IMs designed to remove contamination described in Section 1.0 at NSWC Crane SWMU 9. 

Tetra Tech, on behalf of the United States Navy (Navy), is responsible for the preparation for this 

document and for confirmation sampling and analyses. The remedial contractor is responsible for 

implementing the IMs for the contamination removal and associated waste disposal. This will include 

waste sampling and analyses. 

The subcontracted laboratory for SMWU 9 is responsible for analyzing all confirmation samples in 

accordance with the analytical methods and additional requirements specified in this document. It also 

will be the responsibility of the analytical laboratory to properly dispose of unused sample aliquots. 

2.1 MANAGEMENT 

The roles and responsibilities described in this section are identified separately for Tetra Tech 'and 

NWRS. Individual key persons responsible for work to be conducted under this QAPP Addendum No. 4 

are identified in Figure 2-1. Corresponding addresses and telephone numbers of key personnel are listed 

by organization in Table 2-1. 

Tetra Tech and NWRS will report directly to Naval Facilities Engineering Command, Midwest (NAVFAC 

MW). Tetra Tech and NWRS will maintain open channels of communication during field activities to 

facilitate resolution of problems as efficiently as possible. Personnel from the Navy will be actively 

involved and will coordinate with Tetra Tech and NWRS personnel as necessary. Responsibilities for 

program management, project management, field operations, and laboratory operations are discussed in 

the following sections, as appropriate. It is intended that the individuals named will assume the 

designated responsibilities to the extent that the specific person is available to perform the stated 

activities. 

2.1.1 U.S. EPA Oversiqht 

The U.S. EPA Region 5 Project Manager (PM), Peter Ramanauskas, will oversee the implementation of 

corrective measures at SWMU 9. He will also represent U.S. EPA's interests and will provide input from 

this perspective and lend general historical and technical assistance to IVSWC Crane field activities. 
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2.1.2 Navy Proiect Manaqer 

The Navy Remedial Project Manager (RPM), Mr. Howard Hickey, acts as the focal representative for the 

United States Navy, providing management, technical direction, and oversight for all NSWC Crane project 

activities performed by contractors (e.g., Tetra Tech and NWRS) and their subcontractors. The Navy 

RPM is responsible for ensuring that NWRS and their subcontractors receive a copy of this QAPP 

Addendum No. 4. In matters such as facilitation of site access, oversight, etc., the Navy RPM is assisted 

by the NSWC Environmental Restoration Site Manager (ERSM), Mr. Tom Brent. 

2.1.3 Tetra Tech Proqram and Proiect Manaqement 

Tetra Tech Program Manager 

The Tetra Tech CLEAN Program Manager (ProgMan), Mr. John Trepanowski, provides operations, 

technical, and administrative leadership and oversees and supports quality policies. The ProgMan 

assigns project PMs and oversees their performance. The ProgMan also ensures the availability of 

technical and support resources for program operations, and maintains consistency in procedures and 

projects among CTO assignments. In these matters, the ProgMan is assisted by the PM. 

Tetra Tech Project Manager 

The Tetra Tech PM, Mr. Ralph Basinski, has overall responsibility for ensuring that the project meets U.S. 

EPA objectives and Navy and Tetra Tech quality standards associated with IM oversight, sample 

collection, sample analyses, and data interpretation to determine whether IMs are completed 

satisfactorily. The PM is responsible for the preparation and distribution of this QAPP Addendum, at the 

direction of the Navy RPM, to all parties (except NWRS and their subcontractors) connected with the 

project. The Navy RPM is responsible for distributing the QAPP Addendum to NWRS and NWRS 

subcontractors. The PM will report to the Navy RPM and is responsible for technical QC and project 

oversight. Additional responsibilities of the PM are as follows: 

Ensuring timely resolution of project-related technical, quality, and safety questions associated with 

Tetra Tech operations. 

Functioning as the primary Tetra Tech interface with the Navy RPM', the NSWC Crane ERSM, Tetra 

Tech field and office personnel, and laboratory and NWRS points-of-contact. 
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Ensuring that Tetra Tech health and safety issues related to this project are communicated effectively 

to all personnel and off-site laboratories. 

Monitoring and evaluating all Tetra Tech subcontractor performance. 

Coordinating and overseeing work performed by Tetra Tech field and office technical staff (including 

data validation, data interpretation, and report preparation). 

Coordinating and overseeing maintenance of all Tetra Tech project records. 

Coordinating and overseeing review of Tetra Tech project deliverables. 

Preparing and issuing final Tetra Tech deliverables to the Navy. 

Approving the implementation of corrective actions associated with the Tetra Tech portion of project 

quality. 

Tetra Tech Project Chemist 

The Tetra Tech Project Chemist, Mr. Edward Sedlmyer, has overall responsibility for ensuring that the 

project meets objectives from the standpoint of laboratory performance. The Project Chemist is 

responsible for the technical preparation of laboratory statements of work (SOWS) and work releases. 

PMs of all subcontractor laboratories conducting confirmation sample analyses will report to the Tetra 

Tech Project Chemist. The Project Chemist will report to the Tetra Tech PM. Additional responsibilities 

of the Project Chemist are as follows: 

Providing technical advice to the Tetra Tech team on matters of project chemistry. 

Monitoring and evaluating subcontractor laboratory performance. 

Ensuring timely resolution of laboratory-related technical, quality, or other issues effecting project 

goals. 

Functioning as the primary interface with all subcontracted laboratories and the PM. 

Coordinating and overseeing work performed by all subcontracted laboratories. 

Coordinating and overseeing review of laboratory deliverables. 

Recommending appropriate laboratory corrective actions. 
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Tetra Tech Health and Safety Manager 

The Tetra Tech Health and Safety Manager (HSM), Mr. Matt Soltis, is responsible for the following: 

Providing technical advice to the PM on matters of health and safety 

Overseeing the development and review of the Health and Safety Plan (HASP) 

Conducting health and safety audits 

Preparing health and safety reports for management 

Each field event will have the support of a health and safety.officer that will be assigned by the HSM. 

2.1.4 EMAC Proiect Manaqernent 

NWRS Project Manager 

NWRS has overall responsibility for ensuring that the SWMU 9 project meets U.S. EPA objectives and 

Navy and NWRS quality standards to ensure that the remediation is completed satisfactorily. The NWRS 

PM, Mr. Todd Carmichael, will report to the Navy RPM and is responsible for technical QC and project 

oversight. Additional responsibilities of the NWRS PM are as follows: 

Ensuring timely resolution of project-related technical,, quality, and safety associated with NWRS 

operations. 

Functioning as the primary NWRS interface with the Navy RPM, the NSWC Crane ERSM, Tetra Tech 

field personnel, and waste disposal facility points of contact. 

Ensuring that NWRS health and safety issues related to this project are communicated effectively to 

all personnel and off-site laboratories. 

Monitoring and evaluating all NWRS subcontractor performance. 

Coordinating and overseeing work performed by NWRS field staff (including excavation, waste 

segregation, sludge dewatering, and sampling to determine hazardous status of wastes prior to 

disposal). 

Coordinating and overseeing maintenance of all NWRS project records. 
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Coordinating and overseeing review of NWRS project deliverables. 

Preparing and issuing final NWRS deliverables to the Navy. 

Approving the implementation of corrective actions associated with the SWMU-specific NWRS portion 

of project quality. 

NWRS Field Operations Leaders 

The NWRS Field Operations Leader (FOL), Mr. Tim Walls, has overall responsibility for ensuring that the 

SWMU 9 IM meet objectives from the standpoint of adequate removal of contaminated media and 

appropriate disposal of wastes. The NWRS FOL will have autonomy with regard to deciding how best to 

implement the field portion of the IM, but completion of the llbl will be determined by Tetra Tech on behalf 

of the Navy through confirmation sampling and analysis. The NWRS FOL will report to the NWRS PM. 

Additional responsibilities of the NWRS FOL are as follows: 

Providing technical advice to the field team on matters of remediation goals and implementation of 

IMWP. 

Ensuring that wastes are sampled representatively to determine their status for waste disposal. 

Ensuring timely resolution of technical, quality, or other issues effecting project goals. 

Functioning as the primary interface with all SWMU-specific NWRS subcontractors and the NWRS 

PM. 

Recommending appropriate field corrective actions. 

NWRS Health and Safety Manager 

The NWRS HSM is responsible for the following: 

Providing technical advice to the NWRS PM on matters of health and safety. 

Overseeing the development and review of the HASP. 
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Conducting health and safety audits. 

Preparing health and safety reports for management. 

2.2 QUALITY ASSURANCE 

This section identifies the QA responsibilities for the QAPP Addendum No. 4. Responsibilities of U.S. 

EPA, Tetra Tech, NWRS, and the analytical laboratories are discussed. 

2.2.1 U.S. EPA 

The U.S. EPA chemist, Mr. Allen Debus, has the responsibility to review and approve chemistry aspects 

of the QAPP Addendum No. 4 and to provide overall QA support and review. Additional responsibilities 

may include the following: 

Coordinating external performance and system audits of the contracted laboratory 

Reviewing and evaluating analytical field and laboratory procedures 

2.2.2 Tetra Tech QA Manaqer 

The Tetra Tech Quality Assurance Manager (QAM), Dr. Tom Johnston, is responsible for overall QA for 

the Tetra Tech portion of the project. He reports directly to the Tetra Tech ProgMan. He acts on behalf 

of the United States Navy for project QA. The QAM is responsible for the following: 

Developing, maintaining, and monitoring QA policies and procedures. 

Providing training to Tetra Tech staff in QNQC policies and procedures. 

Conducting systems and performance audits to monitor compliance with environmental regulations, 

contractual requirements, QAPP requirements, and corporate policies and procedures. 

Auditing project records. 

Monitoring subcontractor quality controls and records. 

Assisting in the development of corrective action plans and ensuring correction of nonconformances 

reported in internal or external audits. 
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Ensuring that this QAPP Addendum meets Tetra Tech, Navy, and U.S. EPA requirements. 

Overseeing the responsibilities of the Tetra Tech Project QNQC Advisor. 

Preparing QA reports for management. 

2.2.3 Tetra Tech Proiect QA Advisor 

The Tetra Tech Project QA Advisor, Ms. Kelly Carper, supports the PM in preparing and reviewing the 

QAPP and in conducting data assessments. The Project QA Advisor communicates directly with the 

QAM on matters of QNQC. 

2.2.4 Waste Characterization and Confirmation Sample Laboratory Responsibilities 

The subcontracted laboratories are responsible for analyzing all samples in accordance with the 

analytical methods and additional requirements specified in this QAPP Addendum No. 4. It will also be 

the analytical laboratories' responsibilities to properly dispose of unused sample aliquots. Responsibilities 

of key laboratory personnel are outlined in the following paragraphs. 

Laboratory Project Manager 

The Laboratory PM (confirmation samples) will interface directly with the Tetra Tech Project Chemist and 

Tetra Tech PM, and the Laboratory PM (waste characterization samples) will interface directly with the 

NWRS PM. The Laboratory PMs will perform the following tasks: 

Ensure that method and project-specific requirements are properly communicated and understood by 

laboratory personnel. 

Ensure that all laboratory resources are available on an as-required basis. 

Ensure compliance with analytical and project QA requirements. 

Review data packages for completeness, clarity, and compliance with project requirements. 
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Inform the Tetra Tech PM or NWRS PM, as applicable, of project status and any sample receipt or 

analytical problems. 

Oversee the preparation of and approving final analytical reports before submittal to Tetra Tech. 

Laboratory Quality Assurance Officer 

The Laboratory QA Officer (QAO) will report directly to the Laboratory Operations Manager. The 

Laboratory QAO will be independent of laboratory production management to ensure that laboratory 

quality performance is assessed without schedule and cost considerations. Responsibilities of the 

Laboratory QAO include the following: 

Defining appropriate laboratory QA procedures and monitoring overall laboratory QA. 

Stopping work if a condition adverse to the quality of work is encountered, if QA or QC procedures 

are not followed, or if analytical out-of-control events are encountered that have not been corrected. 

,,.. 

Approving and maintaining document control of all QA documents and SOPS. 

Performing and/or implementing internal system and performance audits and verifying completion of 

corrective actions cited in audits. 

Directing laboratory participation in laboratory accreditation and certification programs. 

Laboratory Sample Custodian 

The Laboratory Sample Custodian will report to the Laboratory Operations Manager. Responsibilities of 

the Laboratory Sample Custodian include the following: 

Receiving and inspecting the incoming sample containers. 

Recording the conditions of the incoming sample containers. 

Signing appropriate documents. 

Verifying chain-of-custody records. 

Notifying the Laboratory PM of sample receipt and inspection. 

Assigning a unique identification number and customer number and entering each into the sample 
. 

receiving log. 
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With the help of the Laboratory PM, initiating transfer of the samples to appropriate lab sections. 

Controlling and monitoring access/storage of samples and extracts. 

Laboratory Technical Staff 

The laboratory technical staff will be responsible for sample analyses based on the analytical methods 

and requirements specified in this QAPP Addendum No. 4. 

2.3 FIELD INVESTIGATION 

Tetra Tech will be responsible for all field sampling and analysis activities related to confirming that the IM 

is completed satisfactorily. NWRS will be responsible for all field sampling and analysis activities directly 

related to characterization of the remediation wastes for disposal. The Tetra Tech and NWRS field teams 

will be organized according to the activities planned. Field team members will be selected based on the 

type and extent of effort required. All team members will be appropriately skilled and trained for the tasks 

they are assigned to perform 

2.3.1 Field Operations Leaders 

The Tetra Tech and NWRS FOLs are responsible for coordinating all on-site personnel and for providing 

technical assistance, when required. The NWRS FOL, or designee, will coordinate and lead all 

excavation and waste removal operations. The NWRS FOL has authority to complete the field work in 

the most efficient manner while adhering to the requirements of this QAPP Addendum No. 4 and the 

HASP. The Tetra Tech FOL w~l l  conduct confirmation sampling activities. The Tetra Tech and NWRS 

FOLs will ensure the availability and maintenance of all sampling materials and equipment pertinent to 

their function. The Tetra Tech FOL is responsible for completing all sampling, field, and chain-of-custody 

documentation, will assume custody of all samples sent to the confirmation sampling laboratory, and will 

ensure the proper handling and shipping of samples. The Tetra Tech FOL will report directly to the Tetra 

Tech PM but will have authority to guide field operations to efficiently conclude the scheduled work. 

Specific Tetra Tech and NWRS FOL responsibilities include the following: 

Ensuring that all health and safety requirements unique to the SWMU 9 IM is implemented. 

Functioning as the on-site communications link between field staff members, Site Safety Officer 

(SSO), the NSWC Crane ERSIbl, and the Tetra Tech PM or NWRS PM. 
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Alerting off-site analytical laboratories of any special health and safety hazards associated with 

environmental samples. 

Overseeing the mobilization and demobilization of all field equipment and subcontractors. 

Coordinating and managing the field technical staff. 

Adhering to the work schedules provided by the Tetra Tech PM and NWRS PM, as applicable. 

Ensuring the proper maintenance of site logbooks, field logbooks, and field recordkeeping. 

Initiating field task modification requests (field change orders) when necessary. 

Identifying and resolving problems in the field, resolving difficulties via consultation with the NSWC 

Crane ERSM, implementing and documenting corrective action procedures, and providing 

communication between the field team and project management. 

2.3.2 Site QAlQC Advisor 

The FOLs (or designees) will act as the Site QNQC Advisors and will be responsible for ensuring 

adherence to all QNQC requirements as defined in this QAPP Addendum No. 4. Strict adherence to 

these procedures is critical to the collection of acceptable and representative data. The following is a 

summary of the Site QAJQC Advisor's responsibilities: 

Ensuring that field QC samples are collected at the proper frequencies. 

Ensuring that additional volumes of sample are supplied to the analytical laboratories with the proper 

frequency to accommodate laboratory W Q C  analyses. 

Ensuring that measuring and test equipment are calibrated, used, and maintained in accordance with 

applicable procedures and technical standards. 

Acting as liaison between site personnel, laboratory personnel, and the QAM. 

Managing bottleware shipments and overseeing field preservation. 
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2.3.3 Site Safety Officer 

The FOL (or designee) will also serve as the SSO. The duties of the Tetra Tech SSO are detailed in the 

Tetra Tech HASP; the duties of the NWRS SSO are detailed in the applicable NWRS HASP. The SSOs 

have stop-work authority, which can be executed upon the determination of an imminent safety hazard. 

2.3.4 Technical Staff 

The technical staff for this project will be drawn from pools of qualified personnel. All of the designated 

team members will be experienced professionals who possess the degree of specialization and technical 

competence required to effectively and efficiently perform the required work. 

Field staff members are responsible for complying with field-related requirements as presented in this 

QAPP Addendum and the HASP. 

2.4 SPECIAL TRAINING REQUIREMENTS AND CERTIFICATIONS 

All field personnel will have appropriate training to conduct the field activities to which they are assigned. 

Additionally, each site worker will be required to have completed a 40-hour course (and 8-hour refresher, 

if applicable) in Health and Safety Training as described under Occupational Safety and Health 

Administration (OSHA), 29 CFR 191 0.1 20(b)(4). 
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3.0 FIELD OPERATIONS - SAMPI-ING AND ANALYSIS 

3.1 GENERAL APPROACH 

This section describes sampling locations, methods, and rationales for the sampling activities to be 

conducted in support of the IM at SWMU 9. Because this QAPP Addendum No. 4 is based on the 

existing SWMU 8 and 15 QAPP (Tetra Tech, 2004), the requirements regarding field operations as 

presented in Tetra Tech (2004) will be met during the remediation at SWMU 9, in the event information 

contained in this QAPP Addendum No. 4 conflicts with the original QAPP, this QAPP Addendum No. 4 

shall take precedence. 

The equipment and procedures to be used for collecting, handling, preserving, recording, logging, and 

shipping samples to an analytical laboratory are presented in this QAPP Addendum No. 4. 

Corresponding Standard Operating Procedures (SOPS) can be found in Appendices A and 6. Soil 

sampling will generally be performed using trowels and buckets. 

Prior to any field activities, the Tetra Tech PM and the NWRS PM will ensure that all field personnel read 

and understand this QAPP Addendum No. 4 and associated HASPs. Tetra Tech and NWRS will each 

have organization-specific HASPs. Each worker or visitor to the site must sign an acknowledgment that 

he or she has read and understands the HASPs, as applicable. 

The FOLs will ensure that all required field equipment for non-health-and-safety-related operations is 

available and operational, and the SSOs will ensure that all health-and-safety-related equipment is 

available and operational. 

3.2 SAMPLE IDENTIFICATION SYSTEM 

Confirmation Sampling 

All samples collected for fixed-base laboratory analyses will be properly labeled with an adhesive-backed 

sample label affixed to each sample container in accordance with SOP CT0467-01 (Appendix A). The 

sample labels will include the following information: project name, project location, sample tracking 

number, sampling date, sampling time, type of analysis required, matrix type, preservative, initials of 

sampler, and name of the analytical laboratory to which the sample will be submitted. 
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Surface and subsurface soil composite confirmation samples will be composited from multiple aliquots 

(grab samples) collected to represent a specific area of an excavation floor or sidewall for the PCB, 

pesticide, and herbicide analyses. Individual grab samples will be collected for DRO analysis. Composite 

samples will be formed by blending the aliquots together (blending is described in Section 3.5 and the 

composite samples will be labeled in accordance with SOP CT0467-02 (Appendix A). 

Individual aliquots will be labeled as "A," "6," "C," or "D" to indicate sequential aliquots collected for 

compositing. The locations where the aliquots are acquired will be noted in the field log using a simple, 

hand-draw diagram. Aqueous wastewater samples collected to determine disposal requirements will be 

individual grab samples. 

The sampling time recorded on the chain-of-custody form, labels, and tags for duplicate samples will be 

0000 so that the samples are "blind" to the laboratory. Notes detailing the sample number, time, date, 

and type will be recorded on the sample log sheets and will document the location of the duplicate sample 

(sample log sheets are not provided to the laboratory). Samples to be used as matrix spike (MS) and 

matrix spike duplicate (MSD) samples must be identified on the field documentation and chain-of-custody 

forms (see SOP CT0467-03 in Appendix A). 

Waste Characterization Sampling 

The same sample numbering system developed for confirmation sampling will also be used for the waste 

characterization sampling. 

3.3 SAMPLE CUSTODY PROCEDURES 

Confirmation Sampling 

Sample custody will be in accordance with CT0467-03 (Appendix A). 

Waste Characterization Sampling 

Sample custody will be in accordance with CT0467-03 (Appendix A). 
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3.4 FIELD INSTRUMENT CALIBRATION PROCEDURES AND FREQUENCIES 

Confirmation Sampling 

Field instrument calibration requirements are specific to the instruments and chemical test kits. These 

requirements are governed by SOPS in Appendix A or, in the case of PCB test kits, the calibration or 

standardization instructions that accompany each test kit. It is important that the instructions in each PCB 

test kit be followed accurately to ensure that the QC requirements specific to each kit are satisfied. 

Waste Characterization Sampling 

Due to the nature of waste characterization sampling, field instruments are not expected to be used. 

However, in the case that they are used, the instruments will be calibrated daily in accordance with 

factory guidelines to ensure proper operation and maintenance. Calibration records will be maintained in 

a logbook. Malfunctioning instruments will be replaced, as necessary. Spare parts for equipment will be 

kept on site whenever possible. 

SAMPLING LOCATIONS, ANALYSES, AND RATIONALES 

Confirmation Sampling 

This section presents sampling rationales, locations, QAIQC samples to be collected, and analyses to be 

performed for the confirmation sampling and analytical program. 24-hour turnaround times will be 

requested for all fixed-base laboratory analyses so as to minimize excavation equipment and field 

personnel down time while samples are analyzed. Field instruments and test kits will be used to guide 

the field activities, but fixed-base laboratory analyses will be considered the definitive data for determining 

whether IMs have been completed satisfactorily. 

The overall rationale for confirmatory sampling is to ensure that remedial measures have been extensive 

enough that surface and subsurface soil that are contaminated at concentrations above the media 

cleanup standard (MCS) have been removed from SWMU 9. Confirmatory samples collected from 

excavations will be collected as surface soils at the exposed surface, but they will not represent surface 

soil depths when compared to the original ground elevations at the same locations. Limited depth 

information will be preserved in the sample numbers to convey to data users the depths bgs represented 

by the samples. However, continued excavation in a particular area may expose a yet deeper so11 

surface. The continued excavation at a particular location will be encoded in sample numbers (see SOP 

CT0467-02 in Appendix A), but it may be necessary to consult the field notes to estimate the depth below 
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original ground elevation represented by any particular sample. This is not anticipated to be a problem 

because the goal of this project is to excavate until clean material is encountered, in which case the 

unacceptably contaminated material is assumed to have been removed. 

If QC sampling and analysis is required by the off-site disposal facility, the facility's requirements for QC 

sample collection will be followed. 

Table 3-1 (solid samples) present summaries of the sample analyses, container types and volumes, 

preservation requirements, and holding times for the confirmation samples to be collected under this 

QAPP Addendum No. 4. Table 3-2 presents a list of the compounds that will be reported for each 

analytical method. The total number of samples to be collected is unknown; however, the samples to be 

collected are described below and in the IMWPs (Tetra Tech, 2007). 

Waste Characterization Sampling 

This section presents sampling rationale, locations, and analyses to be performed for the waste 

characterization sampling and analytical program. The following types of sampling will be conducted: 
I*,-- 

excavated soil waste characterization, wastewater disposal characterization, and clean f~ l l  (backfill) 

characterization. The overall rationale for characterization sampling is to ensure that solid and liquid 

wastes generated during the IM are properly disposed and that the soil used to backfill the excavations is 

not contaminated. 

Tables 3-3 (soil waste), 3-4 (wastewater), and 3-5 (clean fill) present summaries of the sample analyses, 

container types and volumes, preservation requirements, and holding times for the waste and clean fill 

characterization samples to be collected under this QAPP Addendum No. 4. 

Additional details are provided in Section 3.5.3. 

3.5.1 General Samplinq Requirements and Considerations 

Confirmation Sampling 

This section describes requirements and considerations that apply to confirmation sampling during IMs to 

be conducted at SWMU 9. 

Sample collectors have the option to use disposable equipment or reusable equipment for sampling. 

Disposable sampling equipment will not require decontamination. Reusable sampling equipment must be 
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decontaminated between samples in accordance with SOP CT0467-04 (Appendix A). Decontamination 

source water blanks, however, will not be collected because contaminant concentrations in the source 

water are not anticipated to be p'resent at levels that will influence excavation decisions. Furthermore, 

results from analysis of field blanks are not expected to influence the course of excavation. All sample 

collection must be recorded in accordance with the sampling procedures (SOP CT0467-05 for soil in 

Appendix A and Section 3.5.3 of this QAPP Addendum No. 4). 

Sample packaging and shipping for off-site laboratory analyses shall be conducted under chain of 

custody (see SOP CT0467-03 in Appendix A) in accordance with SOP CT0467-06 (Appendix A). 

One-day quick turnaround analyses shall be requested from the analytical laboratory. The request for 

quick turnaround analyses must be noted on each chain of custody. 

Uniform random numbers were generated on the interval of 0 to 1 with Microsoft ~xce l@ 2003 

(1 1.6560.6568) SP2 and converted to percentages for Table 3-6. This table indicates relative positions 

from where confirmation grab samples and composite samples will be collected in excavations. The use 

of Table 3-6 is described in Section 3.5.3 for each excavation at SWMU 9. Example sample numbers are 

presented in the text of Section 3.5.3 to demonstrate how samples are to be numbered for the first 

samples to be collected for each environmental medium at SWMU 9. 

Waste Characterization Sampling 

General field sampling guidelines are provided in NWRS SOP 2001 (Appendix B). Sample collectors 

have the option to use disposable equipment or reusable equipment for sampling. Disposable sampling 

equipment will not require decontamination. Reusable sampling equipment must be decontaminated 

between samples in accordance with NWRS SOP 2006 (Appendix B). Waste characterization samples 

may be collected from drums (NWRS SOP 2009, Appendix B), tanks (NWRS SOP 2010, Appendix B), in- 

situ soil (NWRS SOP 2012, Appendix B), surface water (NWRS SOP 201 3, Appendix B), or waste p~les 

(NWRS SOP 2017, Appendix B). All sample collection must be recorded in accordance with the NWRS 

SOPS (Appendix B). Appendix B also includes additional information on sample containers, 

decontamination procedures, sample packaging and shipment, and waste transportation and off-site 

disposal. 

3.5.2 Field Instrument Calibration 

Confirmation Sampling 

Calibration checks of the PCB test kits shall be conducted in accordance with the test kit instructions. 
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Waste Characterization Sampling 

Field instruments are not expected to be used for waste characterization. In the case that they are used, 

the instruments will be calibrated daily in accordance with factory guidelines. 

3.5.3 SWMU 9 Samplinq and Analvsis 

3.5.3.1 Soil Confirmation Sampling and Analysis 

Table 3-6, Sets #1 and #2, present random coordinates for composite soil sample aliquots in terms of the 

percentage of distance from one end of a rectangular excavation to the other end for both X- and 

Y-directions. The coordinates in Table 3-6 will be used as follows to identify the locations from which to 

obtain individual aliquots that will then be combined to form a composite sample: 

1. If collecting aliquots from an excavation floor, select Set #I .  

2. If collecting aliquots from an excavation wall, select Set #2. 

3. Select the next sequential composite sample number in the list of composite samples in Table 3-6 

(the first sample selected for work conducted at the SWMU 9 will be Sample 1). 
' L 1  

Note 1: The sample numbers in Table 3-6 do not represent the sample numbers to be assigned to the 

composite samples. The Table 3-6 sample numbers should be viewed as index numbers used to 

distinguish one set of random coordinates from another. 

4. Collect a soil aliquot from each of the four pairs (floors and support facilities) or two pairs (side 

walls) of indicated X- and Y- coordinates for the selected composite sample. 

Note 2: If the end of Table 3-6 is reached for a given set of coordinates (e.g., Sample 20 in Set #1 for 

excavation floors), return to the beginning of that set in the table and continue again to the end of the set 

in sequential order for each additional composite sample. 

Figure 3-1 shows a schematic diagram of how to measure the coordinates for each of the four (or two) 

sample aliquots that are to be composited from excavation floors (or side walls). 

Excavated areas are not likely to be exactly rectangular. The sample collector will use professional 

judgment to measure the aliquot coordinates in the actual excavation while keeping as close as possible 

to the prescribed sampling scheme. After coordinates have been selected, collect the soil aliquots in 

accordance with SOP CT0467-05 (Appendix A) and composite them as follows: 
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1. Mix soil aliquots of approximately equal volume (determined by visual observation) in a stainless 

steel bowl until the mixture is homogeneous in texture and color. 

2. Remove stones the size of a small pea or larger, sticks, root fragments, leaves, twigs, or other 

naturally occurring debris to ensure that the sample represents primarily soil. 

3.5.3.2 Soil Confirmation PCB Samples 

Analyze the composite samples in accordance with the instructions included in the PCB test kit identified 

in Table 3-1 and the instructions in SOP CT0467-07 (Appendix A). Perform at least one 

calibrationlstandardization check daily. Record the total PCB concentration in the field log. QC checks for 

field analyses shall be conducted at the frequencies indicated in the test kit instructions. The information 

to be recorded includes but is not limited to the following: 

Analyst's name 

Dateltime of analysis 

Test kit identifier, including serial number, if provided 

Reference to corresponding calibrationlstandardization check 

Sample number 

Measured concentration, including the measurement units 

Report the total PCB concentration to NWRS and the Navy RPM so a decision can be made concerning 

the need for continued excavation. 

As long as samples are being produced with field PCB concentrations greater than 1 milligrams per 

kilogram (mgkg) in surface samples or 25 mgkg in subsurface samples, 1 of 10 composite samples will 

be sent for laboratory verification of PCB concentrations (as Aroclors). In this case, surface soil samples 

are samples collected within 2 feet of original grade as estimated through visual observation and simple 

field measurement with a tape measure or other suitable measuring device. If any sample at the limit of 

excavation has a total PCB concentration less than 1 mgkg (surface soil) or 25 mglkg (subsurface soil), 

that sample will be sent for laboratory verification of PCBs as Aroclors. This will ensure that a minimum of 

10 percent or more of field analyses and all final results supporting the conclusion to terminate excavation 

are verified with laboratory results. For any sample that is analyzed in the field and the fixed-base 

laboratory, both the field and the laboratory analyzed portions will have the same sample number (see 

CT0467-02 in Appendix A). 
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3.5.3.3 Soil Waste Characterization 

Prior to the excavation and removal of identified contaminated soils, waste characterization sampling will 

be conducted as necessary to obtain disposal approval at the selected disposal facilities. Required waste 

characterization samples will be collected and analyzed prior to the commencement of excavation 

activities. 

A minimum of one waste characterization composite sample will be collected prior to transportation and 

disposal of soils from the south and west of former Building 55 to comply with the disposal facility 

requirements and federal, state, and local regulations. NWRS will collect a five-point composite sample 

using a hand-auger, with effort made to sample from multiple areas and depths to adequately verify the 

soil. Samples will be collected in accordance with NWRS SOPs 2001, 2012, and/or 2017, as applicable 

(Appendix B). 

The existing RFI Report data, presented in Appendix A of the SWMU 9 IMWP (Tetra Tech, 2007) has 

been evaluated for SWMU 9 fire training area, Building 150 area, and Building 55 area. The disposal 

facility determined that the RFI Report data for the fire training area and the Building 150 soils was 

sufficient for waste characterization profiling and stated that no further characterization sampling was 

required. 

3.5.3.4 Wastewater Characterization 

Wastewater is characterized as water from excavation dewatering (stormwater and groundwater) and 

decontamination water. All wastewater collected at SWMU 9 will be containerized and characterized prior 

to transport and disposal. Wastewater disposal characterization is necessary in order to properly classify 

the materials being disposed off site and to ensure that all disposals will be conducted in accordance with 

federal, state, and local regulations. 

All wastewater will be collected in 55-gallon drums or larger vessels depending on the volumes collected. 

It is not expected that a large amount of wastewater will be generated; therefore, one disposal 

characterization sample will be collected from the wastewater container(s) prior to transport and disposal. 

A drum thief will be used to collect the characterization sample. Sample(s) will be collected in accordance 

with NWRS SOPs 2001,2009,2010, and/or 201 3, as applicable (Appendix B). 
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3.5.3.5 Clean Fill Characterization 

Excavation areas will be backfilled to preconstruction grades. The types of backfill material required are 

common fill and topsoil. Clean fill characterization will be completed prior to receiving any backfill at the 

site. The backfill material must satisfy the following requirements: 

TPH, diesel range organics (DRO) - Less than 1 ppm 

TPH, gasoline range organics (GRO) - Less than 1 ppm 

Sum of benzene, toluene, ethylbenzene, and xylenes - Less than 1 ppm 

Characteristic waste determination - shall not fail the test for characteristic waste 

Total PCBs - Less than 1 ppm . 

4,4'-DDD - Less than 3.2 ppb 

4,4'-DDE - Less than 3.2 ppb 

4,4'-DDT - Less than 3.2 ppb 

Dieldrin - Less than 3.2 ppb 

Heptachlor - Less than 1.5 ppb 

Alpha-chlordane - Less than 1.5 ppb 

Gamma-chlordane - Less than 1.5 ppb 

All clean fill characterization samples will be collected as composite samples with a hand-auger and 

disposable scoops. Composite samples will be collected as five-point composite samples, with effort 

made to sample from multiple areas and depths to adequately characterize the fill source. For example, if 

clean fill is in stockpiles, samples will be collected from multiple locations on the piles and from multiple 

depths within the piles. The exact location of the samples will be based on the sampler's discretion and 

ability to access depth with hand-digging methods. Volatile samples will be collected as a discrete 

sample. Sample(s) will be collected in accordance with NWRS SOPS 2001, 2012, and/or 2017, as 

applicable (Appendix B). 

There will be a minimum of one sample per type of clean fill, and each source area will be characterized 

in a one-time sampling event. No in-place sampling will be conducted after the fill has been installed at 

the site. A site history will be obtained from each clean fill source site. 

3.6 QUALITY CONTROL REQUIREMENTS 

Refer to Tetra Tech (2004) for generic QC requirements. Project-specific requirements are provided in 

this section. 
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In addition to instrument- or test kit-specific calibration requirements (see Section 3.4), the following field 

QNQC samples will be collected at the indicated frequencies to support confirmation sampling and 

analyses. 

In general, dlplicate confirmation samples will be collected at a rate of one for every 20 regular 

samples and analyzed for the same analytes as the corresponding regular samples. 

When fixed-base laboratory analyses are used, enough additional sample volume will be collected to 

support MSfMSD sample analyses (organic chemical analyses only). The rate of MSfMSD analysis 

will be one for every 20 regular samples. 

A temperature blank will be added to each cooler that contain samples which must be kept cooled as 

a preservation requirement. 

Definitions of each of these QC sample types are presented in Tetra Tech (2004). Collection of QC 

samples will not be required for waste characterization sampling and analyses unless required by the off- 

site disposal facility. 

Equipment rinsate blanks (rinsate blanks) will be collected to ensure that cross-contamination of 

confirmation samples and waste disposal samples does not occur. Source water blanks will not be 

collected because cross-contamination from source water is not a concern. 

3.7 DATA REDUCTION, VALIDATION, ASSESSMENT, AND REPORTING 

Generic data reduction, validation, assessment, and reporting requirements are provided in Section 8.0 of 

Tetra Tech (2004). Project-specific instructions are provided below for this project. 

3.7.1 Confirmation Analvsis Data 

Data from field analyses and other field measurements must be recorded at the time of generation in the 

field log book or, when provided in the governing SOP, on the SOP-specific data forms. Confirmation 

sampling results will be entered into the Tetra Tech electronic database soon enough after the data 

collection to prevent loss of data and to support the generation of reports to the Navy. The data entry 

process will make use of a dual entry system whereby two independent data entry clerks enter the data 

and compare the results. Discrepancies, if detected, will be investigated to determine the correct values, 
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and the correct values will be entered into the database. Non-discrepant results will be considered 

accurate unless subsequent data review or use indicates otherwise. 

The data will be transferred to the Navy in accordance with requirements to be found at the following web 

site: 

The password required to access this site may be obtained through the Navy RPM. The information at 

this link provides detailed instructions for reporting environmental data. The intent is to standardize 

reporting formats to improve how environmental data are acquired, managed, and transmitted. The 

following items are available at this link and the Electronic Data Exchange (EDE) Examples button 

located at the link: 

SOP 

Electronic Data Deliverable (EDD) spreadsheets and databases 

Electronic data processor 

Example electronic data submittal 

3.7.2 Waste Characterization Data 

Waste characterization analyses will be provided to the waste disposal facility and NAVFAC MW in the 

form of hard copies of laboratory data packages as well as data summaries. The data summaries shall 

identify each sample analyzed, the laboratory conducting the analysis, the results of analysis, and any 

qualifying notes indicating limitations on data use. At the Navy's discretion, data may also be provided in 

electronic format in accordance with the specifications identified in Section 3.7.1. 

3.8 MANAGEMENT OF INVESrIGATION-DERIVED WASTE 

It is anticipated that this investigation could generate the following types of potentially contaminated 

residues or investigation-derived waste (IDW): 

Personal protective equipment (PPE) 

Equipment decontamination fluids 

IDW will be handled as described in CT0467-08 (Appendix A). 
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3.9 SAFETY 

The health and safety activities described in the following sections will ensure that field activities are 

performed at a high level of safety. 

3.9.1 Health and Safetv Plan 

Separate HASPs will be prepared by Tetra Tech and NWRS. These HASPs describe specific health and 

safety requirements, concerns, and information related to the site activities. These documents will be 

read and understood by each person working at the site. Each worker or visitor to the site must sign an 

acknowledgment that he or she has read and understands the HASP. 

3.9.2 Health and Safety Training 

All workers involved with the site investigations shall have successfully completed the OSHA-mandated 

40-hour health and safety training and the current annual 8-hour refresher courses when appropriate. 

3.9.3 Medical Approval and Personal Protective Clothinq and Equipment 

Tetra Tech workers at the site must be part of a medical monitoring program and must be medically 

approved to perform their duties without physical limitations. Protective clothing and equipment, as 

specified in the HASP, will be worn while performing site activities. 

3.9.4 Safetv Meetinas 

Safety meetings will be held among on-site workers whenever the SSO for each contractor feels it is 

appropriate. The SSO will discuss safety issues related to activities being performed and will make site 

workers aware of any new conditions that could potentially affect health or safety. 

3.10 PERFORMANCE AND SYSTEM AUDITS 

Section 9.1 of the SWMU 8 and 15 QAPP (Tetra Tech, 2004) presents generic requirements for field 

operations performance and system audits. No special requirements are anticipated for this project. 
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3.1 1 INSPECTION AND MAINTENANCE 

Sections 10.1 and 10.3 of Tetra Tech (2004) present generic inspection and maintenance requirements to 

ensure that field consumables and equipment are in proper working order and available when needed. In 

addition, project-specific requirements are provided below. 

Chemical Test Kits - PCBs 

The receipt date and the expiration date of receipts (i.e., purchase date plus 1 year) shall be written on 

the test kit (receipt date) and the reagents (expiration date) on each reagent bottle and the kit if the 

expiration date is not already indicated. Follow manufacturer instructions for storage and handling of the 

kits. Do not use kits or kit components past their expiration dates. 

3.12 FIELD CORRECTIVE ACTIONS 

Field non-conformances or conditions adverse to quality must be identified and corrected as quickly as 

possible so that work integrity or product quality is not compromised. The need for corrective action may 

arise based on deviations from project plans and procedures, adverse field conditions, or other 

unforeseen circumstances. Corrective action needs may become apparent during the performance of 

daily work tasks or as a consequence of internal or external field audits. 

Corrective action may include resampling, re-excavation or other rework and may involve amending 

previously approved field procedures. Minor modifications to field activities, such as the collection of 

additional samples, will be initiated at the discretion of the FOL, subject to on-site approval by NSWC 

Crane personnel. Major modifications or situations that affect compliance with or achievement of Data 

Quality Objectives (DQOs) must be approved and documented via a Field Task Modification Request 

(FTMR). Approval of the corrective action will be obtained by the United States Navy (in conjunction with 

IDEM). The Tetra Tech or NWRS FOL is responsible for initiating FTMRs. An FTMR will be prepared for 

all deviations from the project plan documents, as applicable. Copies of all FrMRs will be maintained 

with the on-site project planning documents and will be placed in the final evidence file. 

3.13 QUALITY ASSURANCE REPORTS TO MANAGEMENT 

The Tetra Tech FOL will provide the PM with daily verbal field progress reports during the course of the 

IM. The NWRS FOL will provide daily verbal reports to the NWRS PM during the course of IM. These 

reports will explain accomplishments, deviations from the QAPP, and upcoming activities, and will provide 

a QA summary. The Tetra Tech PM and NWRS PM will provide written monthly progress reports to the 
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Navy that address the project budget, schedule, accomplishments, planned activities, and QNQC issues 

and intended corrective actions. 
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TABLE 3-1 

SUMMARY OF SAMPLE ANALYSES, CONTAINER TYPES AND VOLUMES, 
PRESERVATION REQUIREMENTS, AND HOLDING TIMES FOR FIELD ANALYSIS AND 

LABORATORY CONFIRMATION ANALYSIS OF SOILS 
SWMU 9 QAPP ADDENDUM NO. 4 

NSWC CRANE 
CRANE, INDIANA 

Parameter 

Field Analyses 

1 All holding times for analysis are from date of collection. Minimum turnaround times will be requested from the laboratory. Miminum turnaround 
will be based upon the analytical method; however, one-day turnaround from laboratory receipt of samples is preferred. 

AnalytelMethodologyI 
SOP 

PCBs 

DRO 

Pesticides 

"C - Degrees Celsius. 
LTL - Laucks Testing Laboratories, Inc. 
PCBs - Polychlorinated biphenyls. 
ppm - Parts per million. 
SOP - Standard operating procedure. 
SW-846 - U.S. EPA, 1986. Test Methods for Evaluating Solid Wastes, PhysicallChemical Methods. SW-846, Third Edition and subsequent updates. 
DRO - Diesel range organics. 

PCBs 

February 2008 

Sample Container 

RaPID Assay Test Kit (0.5 
to 10 ppm) with SDI 

Sample Extraction Kit 

Wide-mouth jar, 
Teflon-lined plastic 

cap 

SW-846 8082A 
LTL-3303 I LTL-8084 

SW-846 Modified 801 5B 
LTL-3112 I LTL-8013 

SW-846 8081A 
LTL-3303 I LTL-8084 

Container Volume 

8-ounce 

Cool to 4 OC 

Cool to 4 OC 

Cool to 4 OC 

Preservation 

Extraction within 14 days; 
analysis within 40 days of 
extraction. 

Extraction within 14 days; 
analysis within 40 days of 
extraction. 

Extraction within 14 days; 
analysis within 40 days of 
extraction. 

Wide-mouth jar, 
Teflon-lined plastic 

cap 

Wide-mouth jar, 
Teflon-lined plastic 

cap 

Wide-mouth jar, 
Teflon-lined plastic 

cap 

N A 

8-ounce 

8-ounce 

8-ounce 

Analysis within 14 days 



TABLE 3-1 

SUMMARY OF SAMPLE ANALYSES, CONTAINER TYPES AND VOLUMES, 
PRESERVATION REQUIREMENTS, AND HOLDING TIMES FOR FIELD ANALYSIS AND 

LABORATORY CONFIRMATION ANALYSIS OF SOILS 
SWMU 9 QAPP ADDENDUM NO. 4 

NSWC CRANE 
CRANE, INDIANA 

Field Analyses 

Parameter Sample Container Analyte/Methodology/ 
SOP 

PCBs 

1 All holding times for analysis are from date of collection. Minimum turnaround times will be requested from the laboratory. Miminum turnaround 
will be based upon the analytical method; however, one-day turnaround from laboratory receipt of samples is preferred. 

"C - Degrees Celsius. 
LTL - Laucks Testing Laboratories, Inc. 
PCBs - Polychlorinated biphenyls. 
ppm - Parts per million. 
SOP - Standard operating procedure. 
SW-846 - U.S. EPA, 1986. Test Methods for Evaluating Solid Wastes, Physical/Chemical Methods. SW-846, Third Edition and subsequent updates. 
DRO - Diesel range organics. 

RaPlD Assay Test Kit (0.5 
to 10 ppm) with SDI 

Sample Extraction Kit 

PCBs 

DRO 

Pesticides 

February 2008 

Maximum Holding ~ ime ( ' )  Container Volume 

SW-846 8082A 
LTL-3303 / LTL-8084 

SW-846 Modified 801 58  
LTL-3112 / LTL-8013 

SW-846 8081 A 
LTL-3303 / LTL-8084 

Wide-mouth jar, 
Teflon-lined plastic 

cap 

Wide-mouth jar, 
Teflon-lined plastic 

cap 

Wide-mouth jar, 
Teflon-lined plastic 

cap 

Preservation 

Wide-mouth jar, 
Teflon-lined plastic 

cap 

8-ounce 

8-ounce 

&ounce 

&ounce 

Cool to 4 OC 

Cool to 4 OC 

Cool to 4 OC 

N A 

Extraction within 14 days; 
analysis within 40 days of 
extraction. 

Extraction within 14 days; 
analysis within 40 days of 
extraction. 

Extraction within 14 days; 
analysis within 40 days of 
extraction. 

Analysis within 14 days 



TABLE 3-2 

COMPOUND LIST 
SWMU 9 QAPP ADDENDUM NO. 4 

NSWC CRANE 
CRANE, INDIANA 

I PARAMETER I CASRN 
I I 

ORGANOCHLORINE PESTICIDES (SW-846 METHOD 8081A) 
alpha-chlordane I 5103-71-9 
4.4'-DDD 77-54-8 -. - - -  

4,4'-DDE 
4,4'-DDT 
Dieldrin 
gamma-chlordane 

I I 
. . - - - - - - I 

DIESEL RANGE ORGANICS (SW-846 METHOD 8015) 
l ~ i e s e l  range organics I N A 

.- - .  - 
72-55-9 
50-29-3 
60-57-1 

12789-03-6 

POLYCHLORINATED BIPHENYLS (SW-846 METHOD 8082) 

CASRN - Chemical Abstract Registry Number. 
NA - Not applicable 
QAPP - Quality Assurance Project Plan. 

Aroclor-1016 
Aroclor-1221 
Aroclor-1232 

February 2008 

1 2674- 1 1 -2 
1 1 104-28-2 
11141-16-5 



TABLE 3-3 

SUMMARY OF SAMPLE ANALYSES, CONTAINER TYPES AND VOLUMES, 
PRESERVATION REQUIREMENTS, AND HOLDING TIMES FOR SOIL WASTE CHARACTERIZATION 

SWMU 9 QAPP ADDENDUM NO. 4 
NSWC CRANE 

CRANE, INDIANA 

1 All holding times are from date of collection. 

Parameter 

TCLP Metals 

TCLP Volatiles 

TCLP Semivolatiles 

TCLP Pesticides and 
Herbicides 

Characteristic Waste 
Determination - 
Ignitability, Corrosivity, 
Reactivity 

"C - Degrees Celsius. 
HCI - Hydrochloric acid. 
HN03 - Nitric acid. 
SOP - Standard Operating Procedure. 
STAT - STAT Analysis Corporation. 
SW-846 - U.S. EPA, 1986. Test Methods for Evaluating Solid Wastes, Physical Chemical Methods. Third edition and subsequent updates. 

Analytical MethodlSOP 

SW-846 131 11602017471A 
STAT 21 25/45 I014530 

SW-846 131 1182608 
STAT 212514000 

SW-846 131 11827OC 
STAT 212514020 

SW-846 131 118081A18321A 
STAT 21251405014080 

STAT 42 1 0 

Sample Container 

8- or 32-ounce glass 

8- or 32-ounce glass 

8- or 32-ounce glass 

8- or 32-ounce glass 

8- or 32-ounce glass 

Preservation 

Cool to 4 "C; HCI to pHc2 
(after extraction) 

Cool to 4 "C; HN03 to 
pHc2 (after extraction) 

Cool to 4 "C 

Cool to 4 "C 

Cool to 4 "C 

Maximum Holding ~ i m e " '  

Extraction within 14 days; 
analysis within 40 days of 
extraction. 

Analysis within 14 days. 

Extraction within 14 days; 
analysis within 40 days of 
extraction. 

Extraction within 14 days; 
analysis within 40 days of 
extraction. 

As soon as possible. 



TABLE 3-4 

SUMMARY OF SAMPLE ANALYSES, CONTAINER TYPES AND VOLUMES, 
PRESERVATION REQUIREMENTS, AND HOLDING TIMES FOR WASTEWATER CHARACTERIZATION 

SWMU 9 QAPP ADDENDUM NO. 4 
NSWC CRANE 

CRANE, INDIANA 

r Parameter I 
Total Volatiles 

Total Semivolatiles Extraction within 14 days; analysis I I S!::;FC I-i;rn:er Cool to 4 OC I 
within 40 days of extraction. 

Total RCRA 8 Heavy Metals 500-mL plastic Cool to 4 "C; HN03 Extraction within 14 days; analysis 
602017470A to pH<2 within 40 days of extraction. 

STAT451 014530 

Analytical 
MethodlSOP 

SW-846 82608 
STAT 4000 

SW-846 8082 
STAT 4050 

1 All holding times are from date of collection. 

Total Pesticides 

Total Herbicides 

Characteristic Waste Determination - 
Ignitability, Corrosivity, Reactivity 

"C - Degrees Celsius. 
HCI - Hydrochloric acid. 
HN03 - Nitric acid. 
L - Liter. 
mL - Milliliter. 
PCBs - Polychlorinated biphenyls. 
SOP - Standard Operating Procedure. 
STAT - STAT Analysis Corporation. 
SW-846 - U.S. EPA, 1986. Test Methods for Evaluating Solid Wastes, Physical Chemical Methods. Third edition and subsequent updates. 
VOA - Volatile organic analysis. 

Maximum Holding ~ i m e ( ' )  

Analysis within 14 days. 

Extraction within 14 days; analysis 
within 40 days of extraction. 

Sample 
Container 

40-ml VOA 
vial 

I - L  amber 
glass 

Preservation 

Cool to 4 "C; HCI to 
pH<2 

Cool to 4 "C 

SW-846 8081A 
STAT 4050 

SW-846 8321 A 
STAT 4080 

STAT 421 0 

I -L amber 
glass 

I -L amber 
glass 

I - L  amber 
glass 

Cool to 4 "C 

Cool to 4 "C 

Cool to 4 "C 

Extraction within 14 days; analysis 
within 40 days of extraction. 

Extraction within 14 days; analysis 
within 40 days of extraction. 

As soon as possible. 



TABLE 3-5 

SUMMARY OF SAMPLE ANALYSES, CONTAINER TYPES AND VOLUMES, 
PRESERVATION REQUIREMENTS, AND HOLDING TIMES FOR CLEAN FILL CHARACTERIZATION 

SWMU 9 QAPP ADDENDUM NO. 4 
NSWC CRANE 

CRANE, INDIANA 
PAGE 1 OF 2 

Parameter I Analytical MethodlSOP I Sample Container I Preservation I Maximum Holding ~ i m e ( ' )  

TPH - DRO, GRO SW-846 801 5M 
STAT 4090 

8- or 32-ounce glass Cool to 4 "C Extraction within 7 days; 
analysis within 40 days of 
extraction. 

Total benzene, toluene, 
ethylbenzene, and xylenes 

SW-846 5035 
STAT 4000 

40-mL VOA vials Cool to 4 "C; two 40-mL 
vials with sodium bisulfate 
and one 40-mL vials with 

methanol. 

Analysis within 14 days. 

Total PCBs SW-846 8082 
STAT 4050 

8- or 32-ounce glass Cool to 4 "C Extraction within 14 days; 
analysis within 40 days of 
extraction. 

Pesticides - 4,4'-DDD, 
4,4'-DDE, 4,4'-DDT, 
dieldrin, heptachlor, alpha- 
and gamma-chlordane 

TCLP Metals 

SW-846 - 8081 A 
STAT 4050 

SW-846 131 1/6020/7471 A 
STAT 21 251451 014530 

8- or 32-ounce glass 

8- or 32-ounce glass 

Cool to 4 "C 

Cool to 4 "C; HCI to pH<2 
(after extraction) 

Extraction within 14 days; 
analysis within 40 days of 
extraction. 

Extraction within 14 days; 
analysis within 40 days of 
extraction. 

TCLP Pesticides and 
Herbicides 

TCLP Volatiles 

TCLP Semivolatiles 

Characteristic Waste 
Determination - Ignitability, 
Corrosivity, Reactivity 

SW-846 131 118260B 
STAT 21 2514000 

SW-846 131 118270C 
STAT 21 2514020 

SW-846 
131 I18081 A18321 A 

STAT 21 25/4050/4080 

STAT 42 1 0 

8- or 32-ounce glass 

8- or 32-ounce glass 

8- or 32-ounce glass I O C  

8- or 32-ounce glass Cool to 4 "C 

Cool to 4 "C; HN03 to 
pH<2 (after extraction) 

Cool to 4 "C 

Extraction within 14 days; 
analysis within 40 days of 
extraction. 

Analysis within 14 days. 

Extraction within 14 days; 
analysis within 40 days of 
extraction. 

As soon as possible. 



TABLE 3-5 

SUMMARY OF SAMPLE ANALYSES, CONTAINER TYPES AND VOLUMES, 
PRESERVATION REQUIREMENTS, AND HOLDING TIMES FOR CLEAN FILL CHARACTERIZATION 

SWMU 9 QAPP ADDENDUM NO. 4 
NSWC CRANE 

CRANE, INDIANA 
PAGE 2 OF 2 

1 All holding times are from date of collection. 

"C - Degrees Celsius. 
DRO - Diesel range organics. 
GRO - Gasoline range organics. 
HCI - Hydrochloric acid. 
HN03 - Nitric acid. 
mL - Milliliter. 
SOP - Standard Operating Procedure. 
STAT - STAT Analysis Corporation. 
SW-846 - U.S. EPA, 1986. Test Methods for Evaluating Solid Wastes, Physical Chemical Methods. Third edition and subsequent updates. 
TPH - Total petroleum hydrocarbons. 
VOA - Volatile organic analysis. 



TABLE 3-6 

EXCAVATION FLOOR AND SIDE WALL SAMPLES 
SWMU 9 QAPP ADDENDUM NO. 4 

NSWC CRANE 
CRANE, INDIANA 

Set #1 - Excavation Floor and Interim Measures Support Facility Composite Samples for SWMU 9 

Sample Rotation I Grid LytiOn I Sample Rotation I Grid % LrtiOn I Sample Rotation I Grid Lrtion I Sample Rotation I Grid Location 
X %  Y %  Y %  X %  Y %  X %  I Y %  

Set #2 - Excavation Wall I Bank Composite Samples for SWMU 9 

Sample Rotation I Grid % LrtiOn I Sample Rotation I Grid Lrtion I Sample Rotation I Grid Lration I Sample Rotation I Grid Location 
Y %  X % Y %  X %  Y %  X %  I Y %  

February 2008 
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LOCATION REPRESENTS SAMPLE SERIES 1, SET 1. ON TABLE 3-6 
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4.0 LABORATORY OPERATIONS AND DATA REDUC'I'ION, REVIEW, AND 

MANAGEMENT 

4.1 SAMPLE CUSTODY PROCEDURES 

Samples will be labeled and shipped to the analytical laboratory in accordance with Section 3.0 of this 

document. Laboratory-specific custody procedures are governed by Section 4.0 of the SWMUs 8 and 15 

QAPP (Tetra Tech, 2004). 

4.2 LABORATORY INSTRUMENT CALIBRATION PROCEDURES AND FREQUENCIES 

Refer to Section 5.2 of the SWMUs 8 and 15 QAPP (Tetra Tech, 2004) for laboratory calibration 

requirements. Only requirements for PCB (as Aroclors), pesticides, herbicides, and DRO analyses will be 

applicable. 

4.3 LABORATORY ANALYTICAL AND MEASUREMENT PROCEDURES 

4.3.1 Confirmation Sample Analvses 

The laboratory analyses of confirmation samples will be performed by Laucks Testing Laboratories. 

Laucks Testing Laboratories has successfully completed the laboratory evaluation process required as 

part of the Naval Facilities Engineering Services Command (NFESC) QA Program and described in the 

Navy Installation Restoration Laboratory Quality Assurance Guide (NFESC, 1996). Table 3-1 provides a 

summary of the laboratory analytical methods and associated laboratory SOPS to be used during this 

investigation. Laboratory SOPS are included in Appendix C. 

4.3.2 Waste Characterization Analvses 

The laboratory analysis of waste characterization samples will be performed by STAT Analysis 

Corporation. Tables 3-3 through 3-5 provide a summary of the laboratory analytical methods and 

associated laboratory SOPS to be used for waste soil characterization, wastewater characterization, and 

clean fill characterization, respectively. Laboratory SOPS are included in Appendix D. 

4.3.3 List of Proiect Tarqet Compounds and Detection Limits 

A list of the laboratory target analytes and laboratory-specific target values (TVs) for organic compounds 

and reporting limits (RLs) for all applicable analytes, except DRO is provided in Table 1-5 of the SWMUs 
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8 and 15 QAPP (Tetra Tech, 2004). Table 3-1 of this QAPP Addendum No. 4 identifies the analyses to 

be conducted. The analytical fractions (i.e., pesticides, herbicides, and PCBs) correspond to the same 

entries in Table 1-5 of Tetra Tech (2004). The DRO fraction laboratory-specific TV and RL are 2.5 mgkg 

and 5.0 mg/kg respectively for soils. 

4.4 LABORATORY QUALITY CONTROL CHECKS 

Descriptions of various data quality indicators and the types of laboratory QC samples used to measure 

or verify data quality indicators (DQls) are presented in Sections 7.0 through 7.5 of SWMUs 8 and 15 

QAPP (Tetra Tech, 2004). Requirements for laboratory QC checks are presented in Section 7.8 of Tetra 

Tech (2004). 

4.5 DATA REDUCTION, VALIDATION, ASSESSMENT, AND REPORTING 

Refer to Section 8.0 of the SWMUs 8 and 15 QAPP (Tetra Tech, 2004) for laboratory-specific 

requirements. Section 8.0 of Tetra Tech (2004) also identifies requirements for reconciling data against 

DQOs. 

4.6 LABORATORY PERFORMANCE AND SYSTEM AUDITS 

4.6.1 Confirmation Analvses 

Laboratory performance and system audit requirements are presented in Section 9.2 of the SMWUs 8 

and 15 QAPP (Tetra Tech, 2004) for confirmation analyses. 

4.6.2 Waste Characterization 

4.6.2.1 Laboratory Performance and Systems Audits 

This section presents the responsibilities, frequencies, and procedures associated with internal and 

external laboratory performance and system audits. 
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4.6.2.1.1 lnternal Laboratorv Audits 

lnternal Laboratorv Audit Responsibilities 

The Quality Assurance Director or appropriate designee of the laboratory performs routine internal audits 

of the laboratory. NWRS has no responsibility for such audits. Performance and system audits of 

laboratories are coordinated through STAT'S Quality Assurance Director. 

lnternal Laboratory Audit Frequency 

lnternal audits are performed approximately annually at the laboratory. In addition, each laboratory 

department analyzes blind performance evaluation (PE) samples as described in their applicable SOPs 

and QA plans. 

lnternal Laboratorv Audit Procedures 

lnternal systems audits are conducted to detect any problems in sample flow, analytical procedures, or 

documentation and to ensure adherence to laboratory SOPs. The internal audit procedures for STAT 

Laboratories are presented in applicable laboratory SOPs or the QA Plan. 

4.6.2.1.2 External Laboratorv Audits 

External Laboratorv Audit Responsibilities 

IDEM and U.S. EPA Region 5 may perform external audits at their discretion. 

The laboratory is also involved in various other external audits and performance evaluation studies 

throughout the year, as required, to maintain certifications and approvals by other regulatory agencies or 

programs. 

External Laboratorv Audit Frequency 

IDEM or U.S. EPA Region 5 may conduct an external laboratory audit prior to or during sampling and 

analysis activities. 
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Overview of the External Laboratorv Audit Process 

External audit procedures are at the discretion of IDEM and U.S. EPA Region 5. External laboratory 

audits may include (but are not limited to) review of laboratory analytical procedures, laboratory on-site 

audits, and submission of PE samples to the laboratory for analysis. 

4.7 LABORATORY INSTRUMENT PREVENTIVE MAINTENANCE 

Proper maintenance of laboratory instruments and equipment is essential. Depending on manufacturers' 

recommendations, maintenance intervals are established for each instrument. All instruments will be 

labeled with a model number and serial number, and a maintenance logbook will be maintained for each 

instrument. Personnel will be alert to the maintenance status of the equipment they are using at all times. 

4.7.1 Confirmation Analvsis 

Refer to Section 10.2 of Tetra Tech (2004) for specific preventive maintenance requirements related to 

confirmation sampling. 

4.7.2 Waste Characterization 

Proper maintenance of laboratory instruments and equipment is essential. Depending on manufacturers' 

recommendations, maintenance intervals are established for each instrument. All instruments are labeled 

with a model number and serial number, and a maintenance logbook is maintained for each instrument. 

Personnel will be alert to the maintenance status of the equipment they are using at all times. 

The use of manufacture-recommended grades or better of supporting supplies and reagents is also a 

form of preventive maintenance. For example, gases used in the inductively coupled plasma (ICP) 

instruments will be of sufficient quality to minimize fouling of the instrument. The routine use of other 

supporting supplies from reputable manufacturers will help prevent unnecessary periods of instrument 

downtime. 

4.8 LABORATORY CORRECTIVE ACTION 

In general, laboratory corrective actions are warranted whenever an out-of-control event or potential out- 

of-control event is noted. The specific corrective action taken depends on the specific analysis and the 

nature of the event. Generally, the following occurrences alert laboratory personnel that corrective action 

may be necessary: 
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QC data are outside established warning or control limits 

Method blank analyses yield concentrations of target analytes greater than acceptable levels 

Undesirable trends are detected in spike percent recoveries (%Rs) or in duplicate Relative Percent 

Differences (RPDs) 

There is an unexplained change in compound detection capability 

Inquiries concerning data quality are received 

Deficiencies are detected by laboratory QA staff during audits or from performance evaluation (PE) 

sample test results 

4.8.1 Corrective Action Documentation 

Specific procedures for laboratory corrective actions are specified in the associated laboratory SOPS. 

Any corrective action taken above the analyst level that cannot be performed immediately at the 

instrument will be documented. 

Laboratory corrective actions must be documented and included as part of the final evidence file. The 

Tetra Tech PM will be informed of all major corrective actions that do not bring DQO-related 

nonconformances into conformance with project DQOs. The Tetra Tech PM will advise all levels of 

project management in accordance with Section 12.0 of the SWMU 8s and 15 QAPP (Tetra Tech, 2004). 

4.8.2 Corrective Action Durinq Data Validation and Data Assessment 

The need for corrective action may become apparent during data validation, interpretation, or 

presentation activities. Rework (i.e., resampling or reanalysis), a change in work procedures, or 

additional or refresher training are possible corrective actions relevant to data evaluation activities. The 

Tetra Tech PM will be responsible for approving the implementation of a corrective action and ensuring 

that it is documented appropriately for all deficiencies except those that are internal to NWRS. The 

NWRS PM will be responsible for the latter corrective actions. Analytical data may be qualified during 

data validation to alert data users of the potential that particular analytical results are potentially deficient 

relative to expected performance standards. Such validation practices are described in Section 8.0 of the 
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SWMUs 8 and 15 QAPP (Tetra Tech, 2004). When conducting data assessment for project decision 

making, a number of situation-dependent qualifications of data or decisions are possible. The number of 

possible situations or conditions precludes enumeration of all possible corrective actions; however, the 

approach used to identify and impose such qualifications is described in Section 8.0 of Tetra Tech (2004). 

4.9 QUALITY ASSURANCE REPORTS TO MANAGEMENT 

QA reports to management will be provided in four primary formats during the course of this investigation: 

data validation reports, reports summarizing accomplishments and QNQC issues during the field 

investigation, project-wide progress reports, and laboratory QA reports. The report frequencies, content, 

preparers, and recipients are summarized in Table 12-1 of the SWMUs 8 and 15 QAPP (Tetra Tech, 

2004). In that table, actions associated with the FOL will also apply to the NRS PM, except for data 

validation, which will not be done on waste characterization samples. 

Data validation reports for confirmation samples will address all major and minor laboratory non- 

compliances, as well as noted sample matrix effects. In the event that major problems occur with the 

analytical laboratory (e.g., repeated or extreme holding time exceedances or calibration non-compliances, 

etc.), the data validation manager will notify the PM, QAM, technical coordinator, and laboratory services 

coordinator. Such notifications (if necessary) are typically provided via internal memoranda and are 

placed in the project file. These reports contain a summary of the noncompliance, a synopsis of the 

impact on individual projects, and recommendations regarding corrective action and compensation 

adjustments. Corrective actions for major non-compliances are initiated at the program level. 

The Tetra Tech FOL will provide the Tetra Tech PM and the NRS FOL will provide the IYRS PM with daily 

verbal field progress reports during the course of the sampling events. These reports will explain 

accomplishments, deviations from the QAPP, and upcoming activities, and will provide a QA summary. 

The Tetra Tech PM and NRS PM will provide a monthly progress report to the Navy that addresses the 

project budget, schedule, accomplishments, planned activities, and QNQC issues and intended 

corrective actions. 

The analytical laboratory for confirmation analyses will provide QA reports to Tetra Tech if QC limits are 

updated or if other significant plan deviations result from unanticipated circumstances. Because method 

detection limits (MDLs) will be included in the analytical data packages for confirmation and waste 

characterization samples, it is not necessary for the laboratories to include updated MDLs in their QA 

reports unless the updates result in MDLs that exceed cleanup levels or waste acceptance criteria 

applicable to this project. Cleanup levels are provided in the IMWP (Tetra Tech 2007) and Sections 1.2.1 
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and 1.2.2 of this QAPP Addendum No. 4; waste acceptance criteria will be provided by the waste 

disposal facility. 

4.1 0 FINAL EVIDENCE FILES 

Refer to Section 4.3 of the SWMUs 8 and 15 QAPP (Tetra Tech, 2004) for requirements governing the 

management of project records up to and including final disposition. 
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STANDARD OPERATING PROCEDURE 

NUMBER CT0467-01 

SAMPLE LABELING 

1 .O PURPOSE 

This Standard Operating Procedure (SOP) describes the procedures to be used for labeling sample 

containers. Sample labels are used to document the sample ID, date, time, analysis to be performed, 

preservative, matrix, sampler, and the analytical laboratory. A sample label will be attached to each 

sample container. 'The label for each container will contain identical information. 

2.0 REQUIRED FIELD FORMS AND EQUIPMENT 

Writing utensil 

Disposable medical-grade gloves (e.g. latex, nitrile) 

Sample logsheets 

Required sample containers: All sample containers for analysis by fix-based laboratories will be supplied 

and deemed certified clean by the laboratory. 

Preprinted sample labels 

Chain-of-custody records 

Sealable polyethylene bags 

Heavy-duty cooler 

Ice 

3.0 PROCEDURES 

3.1 The following information will be electronically printed on each sample label during field activities. 

Project number (CTO 0042) 

Project location (NSWC Crane) 

Sample ID 

Preservative 

Analysis to be performed 
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Matrix type 

Laboratory name 

3.2 Fill in appropriate information on the electronic Sample Collection Log Form which will 

automatically update the Chain-of-Custody Form upon submitting the information. 

3.3 Select the containers that are appropriate for a given sample. Print the associated sample label 

and affix to the sample container. 

3.4 Fill the appropriate containers with sample material. Securely close the container lids without 

overtightening. 

3.5 Check to determine if the information printed on the label is correct. 

3.6 Place the sample container in a ziplock plastic bag and place in a cooler containing ice. 

Example of a sample label is attached at the end of this SOP. 

4.0 ATTACHMENTS 

1. Sample Label 

ATTACHMENT 1 

SAMPLE LABEL 

Tetra Tech NUS. Inc. Project: 
661 Andersen Dnw 
Pittsburgh. 15220 Location: 
(4 12)921-7090 

ample No: MaMx: 

CTO 467 
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STANDARD OPERATING PROCEDURE 

NUMBER CT0467-02 

SAMPLE IDENTIFICATION NOMENCLATURE 

1 .O PURPOSE 

The purpose of this Standard Operating Procedure (SOP) is to establish a consistent sample 

nomenclature system that will facilitate subsequent data management at the Naval Surface Warfare 

Center (NSWC). The sample nomenclature system has been devised such that the following objectives 

can be attained. 

Sorting of data by site, location, or matrix 

Maintenance of consistency (field, laboratory, and database sample numbers) 

Accommodation of all'project-specific requirements 

Accommodation of laboratory sample number length constraints 

Ease of sample identification 

The NSWC Crane Environmental Protection Department must approve any deviations from this 

procedure. 

2.0 REQUIRED FIELD FORMS AND EQUIPMENT 

Pen with indelible ink 

Sample container labels 

3.0 SAMPLE IDENTIFICATION NOMENCLATURE 

3.1 Confirmation Samples 

All confirmation samples will be properly labeled with a sample label affixed to the sample container. 

Each sample will be assigned a unique sample tracking number. 

CTO 467 
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3.1.1 Confirmation Sample numbering Scheme 

The sample tracking number will consist of a four- or five-segment alpha-numeric code that identifies the 

sample's associated solid waste management unit (SWMU), sample type, location, and for aqueous 

samples, where applicable, whether a sample is filtered, and/or the sample round number. For soil and 

sediment samples, the final four tracking numbers will identify the depth in units of feet below ground 

surface at which the sample was collected. 

The alphanumeric coding to be used is explained in the following diagram and subsequent definitions: 

Character Type: 

NN 

SWMU 
Number 

A - - Alpha 

N - - Numeric 

SWMU Number (AN): 

09 - - SWMU 09 

Matrix Code (AA): 

SS = Surface Soil Sample 

AA 

Matrix 

Individual aliquots used to form composite samples will be designated "A", "B", "C", "D", "etc.". Each of 

the aliquots for a given sample will be recorded in the field log. The number of aliquots combined to form 

a composite and the locations of the aliquots within the sampled area must be recorded in the 

"OBSERVATONSINOTES section of the Soil and Sediment Sample Log Sheet. 

Location Number (NNNA): 

Sequential number beginning with "001" for each matrix, followed by a letter indicating grab (G) or 

composite (C) sample. 

NNNA 

Sample Location 
Number and Grab 

or Composite 

Depth Interval: 

This code section will be used for soil and sediment samples only. 

NNNN 
(Soils and 

Sediment only) 

Sequential 
depth interval 
from freshly 

exposed surface 
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The depth code is used to note the depth below ground surface (bgs) at which a soil or sediment sample 

is collected. The first two numbers of the four-number code specify the top interval, and the third and 

fourth specify the bottom interval in feet bgs of the sample. The depths will be noted in whole numbers 

only; further detail, if needed, will be recorded on the sample log sheet, boring log, logbook, etc. In 

certain cases, where a sample may be composite sample, "location" refers to a particular sampling grid 

represented by a composite sample. Each composite sample will be comprised of aliquots identified as 

" A ,  "B", "C", etc. used to identify individual aliquots associated with a particular sample. 

3.1.2 Examples of Confirmation Sample Nomenclature 

The first composite surface soil sample collected from SWMU 09, sampling location 001, at a depth of 

2 feet would be labeled as "09SS001C0002". The individual aliquots making u p  the composite sample 

should be described as Aliquots "A ,  "B", "C", etc. for that particular sample and noted on the sample log 

sheet. 

3.3 Field Quality Assurance/Quality Control (QAIQC) Sample Nomenclature 

Field QAlQC samples are described in the IMWP (TtNUS, 2006a through 2006d) and this QAPP 

Addendum -No. 4. They will be designated using a different coding system than the one used for regular 

field samples. 

3.3.1 QC Sample Numbering 

The QC code will consist of a three- to four-segment alpha-numeric code that identifies the sample QC 

type, the date the sample was collected, and the number of this type of QC sample collected on that date. 

The QC types are identified as: 

AA 

QC Type 

TB = Trip Blank 

FD = Field Duplicate 

CTO 467 
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The sampling time recorded on the Chain-of-Custody Form and labels for duplicate samples will be 0000 

so that the samples are "blind" to the laboratory. Notes detailing the sample number, time, date, and type 

will be recorded on the sample log sheets and will document the location of the duplicate sample (sample 

log sheets are not provided to the laboratory). 

3.3.2 Examples of Field QAlQC Sample Nomenclature 

The first duplicate of the day at SWMU 09 for a surface soil sample collected on October 24, 2007 would 

be designated as 09FD10240701. 

The third duplicate of the day taken at SWMU 09 of a surface soil sample collected on October 27, 2007 

would be designated as 09FD10270703. 

The first trip blank associated with samples collected on October 12, 2007 would be designated as 

~~B10120701. 

CTO 467 
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STANDARD OPERATING PROCEDLIRE 

NLl MBER CT0467-03 

SAMPLE CUSTODY AND DOCUlVlENTATlON OF FIELD ACTIVITIES 

1 .O PURPOSE 

This Standard Operating Procedure (SOP) establishes the procedures for sample custody and 

documentation of field sampling and field analyses activities. 

2.0 REQUIRED FIELD FORMS AND EQUIPMENT 

The following logbooks, forms, and labels are required. 

Site logbook 

Field logbook 

Sample label 

Chain-of-Custody Form 

Custody seals 

Equipment calibration log 

Monitoring Well Inspection Form 

Water-Level Measurement Form 

Low-Flow Purge Data Sheet 

Soil and Sediment Sample Log Sheet 

Ground Water Sample Log Sheet 

Surface Water Sample Log Sheet 

3.0 PROCEDURES 

This section describes custody and documentation procedures. All entries made into the logbooks, 

custody documents, logs, and log sheets described in this SOP must be made in indelible ink (black is 

preferred). No erasures are permitted. If an incorrect entry is made, the entry will be crossed out with a 

single strike mark, initialed, and dated. Note: In lieu of the above logs, electronic documentation may be 

used to store data. 
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3.1 Site Logbook 

The site logbook is a hard-bound, paginated, controlled-distribution record book in which all major 

on-site activities are documented. At a minimum, the following activities and events will be 

recorded (daily) in the site logbook: 

All field personnel present 

Arrivalldeparture of site visitors 

Arrivalldeparture of equipment 

Start or completion of sampling activities 

Daily on-site activities performed each day 

Sample pickup information 

Health and safety issues 

Weather conditions 

The site logbook is initiated at the start of the first on-site activity (e.g., site visit or initial 

reconnaissance survey). Entries are to be made for every day that on-site activities take place. 

The following information must be recorded on the cover of each site logbook: 

Project name 

Project number 

Book number 

Start date 

End date 

Information recorded daily in the site logbook need not be duplicated in other field notebooks but 

must summarize the contents of these other notebooks and refer to specific page locations in 

these notebooks for detailed information (where applicable). At the completion of each day's 

entries, the site logbook must be signed and dated by the field operations leader (FOL). 

3.2 Field Logbooks 

The field logbook is a separate dedicated notebook used by field personnel to document his or 

her activities in the field. This notebook is hardbound and paginated. 
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3.3 Sample Labels 

Adhesive sample container labels must be completed and applied to every sample container. 

Information on the label includes the project name, location, sample number, date, time, 

preservative, analysis, matrix, sampler's initials, and the name of the laboratory performing the 

analysis. 

3.4 Chain-of-Custody Form 

The Chain-of-Custody Form (COC) is a multi-part form that is initiated as samples are acquired 

and accompanies a sample (or group of samples) as it is transferred from person to person. 

Each COC is numbered. This form must accompany any samples collected for laboratory 

chemical analysis. A copy of a blank COC form is attached at the end of this SOP. 

The FOL or must include the name of the laboratory in the "Remarks" section to ensure that the 

samples are forwarded to the correct location. If more than one COC is necessary for any cooler, 

the FOL will indicate "Page - of " on each COC. The original (top) signed copy of the COC 

will be placed inside a large Ziploc-type bag and taped inside the lid of the shipping cooler. Once 

the samples are received at the laboratory, the sample custodian checks the contents of the 

cooler(s) against the enclosed COC(s). Any problems are noted on the enclosed COC Form 

(bottle breakage, discrepancies between the sample labels, COC form, etc.) and will be resolved 

through communication between the laboratory point-of-contact and the Project Manager (PM). 

The COC form is signed and retained by the laboratory and becomes part of the sample's 

corresponding analytical data package. 

3.5 Custody Seal 

The custody seal is an adhesive-backed label with a number on each seal. It is part of the chain- 

of-custody process and is used to prevent tampering with samples after they have been collected 

in the field and sealed in coolers for transit to the laboratory. The custody seals are signed and 

dated by the samplers and affixed across the opening edges of each cooler (two seals per cooler) 

containing environmental samples. The laboratory sample custodian will examine the custody 

seal for evidence of tampering and will notify the TtNUS PM if evidence of tampering is observed. 
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3.6 Equipment Calibration Log 

The Equipment Calibration Log is used to document calibration of measuring equipment used in 

the field. The Equipment Calibration Log documents that the manufacturer's instructions were 

followed for calibration of the equipment, including frequency and type of standard or calibration 

device. An Equipment Calibration Log must be maintained for each electronic measuring device 

requiring calibration. Entries must be made for each day the equipment is used. 

3.7 Soil and Sediment Sample Log Sheet 

The Soil and Sediment Sample Log Sheets are used to document the sampling of soils and 

sediments (see SOP CT00042-05). 

4.0 ATTACHMENTS 

1. Chain-of-Custody Record 
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STANDARD OPERATING PROCEDURE 

NUMBER CT0467-04 

DECONTAMINATION OF FIELD SAMPLING EQUIPMENT 

1 .O PURPOSE 

This Standard Operating Procedure (SOP) establishes the procedures to be followed when 

decontaminating non-dedicated field sampling equipment during the field investigations at the NSWC 

Crane facility. 

2.0 REQUIRED FIELD FORMS AND EQUIPMENT 

Waterproof pens 

Non-latex rubber or plastic gloves 

Cotton gloves 

Field logbook 

Potable water 

Deionized water 

LiquiNox detergent 

Brushes, spray bottles, paper towels, etc. 

55-gallon drum or other container to collect and transport decontamination fluids 

3.0 DECONTAMINATION PROCEDURES 

3.1 Don non-latex and/or cotton gloves and decontaminate sampling equipment (in accordance with 

the following steps) prior to field sampling and between samples. 

3.2 Rinse the equipment with potable water. Rinsing may be conducted by spraying with water from 

a spray bottle or by dipping. Collect the potable water rinsate into a container. 

3.3 Wash the equipment with a solution of LiquiNox detergent. Prepare the LiquilVox wash solution in 

accordance with the instructions on the LiquiNox container. Collect the LiquiNox wash solution 

into a container. Use brushes or sprays as appropriate for the equipment. If oily residue has 
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accumulated on the sampling equipment, remove the residue with an isopropanol wash and 

repeat the Liquinox wash. 

3.4 Rinse the equipment with potable water. Rinsing may be conducted by spraying with water from a 

spray bottle or by dipping. Collect the potable water rinsate into a container. 

3.5 Rinse the equipment with deionized water. Rinsing may be conducted by spraying with water 

from a spray bottle or by dipping. Collect the deionized water rinsate into a container. 

3.6 Remove excess water by air drying, shaking, or by wiping with paper towels as necessary. 

3.7 Document decontamination by recording it in the field logbook. 

3.8 Containerized decontamination solutions will be managed in accordance with the procedures 

described in SOP CT00042-09 and the QAPP Addendum No. 2. 
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STANDARD OPERATING PROCEDURE 

NUMBER CT0467-05 

SOIL AND SEDIMENT SAMPI-ING 

1 .O PURPOSE 

This Standard Operating Procedure (SOP) establishes the procedure for collecting surface soil samples 

using the hand auger technique to support confirmation sampling at SWMU 09 in accordance with the 

requirements of this QAPP Addendum No. 4. 

2.0 REQUIRED FIELD FORMS AND EQLllPMENT 

The following field forms and equipment are required for sediment sampling. 

Disposable medical-grade gloves (e.g., latex, nitrile) 

Indelible marker 

Plastic storage bags 

Shipping containers (containing ice) 

Disposable plastic trowels or Stainless steel trowels 

Stainless steel mixing bowls 

Sample containers: Sample containers are certified clean by the laboratory supplying the containers. 

Electronic notebook containing: 

Soil Sample Log Forms. 

Daily Activity Logs. 

Chain-of-Custody Form. 

Soil Boring Log. 

Electronic label maker 

3.0 SAMPLING PROCEDURES 

Disposable plastic trowels or stainless steel trowels will be employed to collect soil cores. The sampler 

will wear clean, disposable, medical-grade gloves. 
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3.1 Clear the area to be sampled of any surface debris (herbaceous vegetation, twigs, rocks, litter, 

etc.). 

3.2 Use the trowel to dig up and homogenize the soil or sediment in a 10-inch-diameter circular area 

that is 6 inches deep at each aliquot location. Stir the soil or sediment within the circular area; do 

not move the soil or sediment outside the circle. Also, do not dig or stir soil or sediment that is 

deeper than 6 inches below the ground surface. 

3.3 For a grab sample, place the soil core in a stainless-steel mixing bowl and homogenize. For a 

composite sample, place equal amounts of the soil cores in a stainless-steel mixing bowl and 

homogenize. Place soil sample into laboratory supplied sampling container, print, and affix 

electronically printed label. 

3.4 For samples that are to be submitted for laboratory analysis place the labeled sample container 

into a plastic storage bag and then place the plastic storage bag holding the sample container into 

a cooler containing ice. 

3.5 Complete required information on the electronic Soil Sample Log Sheet (copy attached at the end 

of this SOP). Note the location of each aliquot in the "OBSERVATIONS/NOTES" section of the 

Soil and Sediment Sample Log Sheet. The information will be automatically updated to the Chain- 

of-Custody (COC) Form. 

4.0 ATTACHMENTS 

1. Soil and Sediment Sample Log Sheet 
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ATTACHMENT 1 

SOlL AND SEDIMENT SAMPLE LOG SHEET 

SOlL & SEDIMENT SAMPLE LOG SHEET 

Page_ of - 

Subsurface Soil 

ow Concentration 

CTO 467 



NSWC Crane 
QAPP Addendum No. 4 

Revision: 0 
Date: September 2007 

Section: SOP-CT0467-06 
Page 1 of 2 

STANDARD OPERA1-ING PROCEDURE 

NUMBER CT0467-06 

SAMPLE PRESERVATION, PACKAGING, AND SHIPPING 

1 .O PURPOSE 

This Standard Operating Procedure (SOP) describes the procedures for sample preservation, packaging, 

and shipping to be used in handling aqueous samples, soils, and sediments collected at the NSWC 

Crane. 

2.0 REQUIRED FIELD FORMS AND EQUIPMENT 

Shipping labels 

Custody seals 

Chain-of-custody (COC) form(s) 

Sample containers with preservatives: All sample containers for analysis by fixed-base laboratories will 

be supplied, with preservatives added (if required) and deemed certified clean by the laboratory. 

Sample shipping containers (coolers): All sample shipping containers are supplied by the laboratory. 

Packaging material: Bubble wrap, z i p~ocm bags, strapping tape, etc. 

3.0 PROCEDURES FOR SAMPLE PRESERVATION, PACKAGING, AND SHIPPING 

3.1 The laboratory provides sample containers with preservative already included (as required) for the 

analytical parameter for which the sample is to be analyzed. All samples will be held, stored, and 

shipped at 4°C. This will be accomplished through refrigeration (used to hold samples prior to 

shipment) and/or ice. 

3.2 The sampler shall maintain custody of the samples until the samples are relinquished to another 

custodian or to the common carrier. 

3.3 Check that each sample container is properly labeled, the container lid is securely fastened, and 

the container is sealed in a z ip~ocB bag. 
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3.4 If the container is glass, place the sample container into a bubble-out shipping bag and seal the 

bag using the self-sealing, pressure sensitive tape supplied with the bag. 

3.5 Inspect the insulated shipping cooler. Check for any cracks, holes, broken handles, etc. If the 

cooler has a drain plug, make certain it is sealed shut, both inside and outside of the cooler. If the 

cooler is questionable for shipping, the cooler must be discarded. 

3.6 Put ice into zipLocN bags and place a layer of the sealed bags on the bottom of the cooler. Place 

the sample containers into the shipping cooler on top of the ice in an upright position (containers 

will be upright, with the exception of the 40-ml vials). Place zipLocN bags of ice flat against the 

sides of the cooler. Continue filling the cooler with samples until the cooler is nearly full and the 

movement of the sample containers is limited. 

3.7 Add a final layer of ice sealed in zipLocB bags to the top of the samples just before the cooler is 

closed and sealed. 

3.8 Place the original (top) signed copy of the COC form inside a large zipLocB bag. Tape the bag to 

the inside of the lid of the shipping cooler that contains the samples for VOC analysis. 

3.9 Close the cooler and seal the cooler with approximately four wraps of strapping tape at each end 

of the cooler. Prior to wrapping the last wrap of strapping tape, apply a signed, numbered, and 

dated custody seal to each side of the cooler (one per side). Cover the custody seal with the last 

wrap of tape. This will provide a tamper evident custody seal system for the sample shipment. 

3.10 Affix a shipping label to the top of the cooler containing samples for VOC analysis, ensuring all of 

the shipping information is filled in properly. Overnight (e.g., FedEx Priority Overnight) courier 

services will be used for all sample shipments. 

3.1 1 All samples will be shipped to the laboratory no more than 72 hours after collection. Under no 

circumstances will sample hold times be exceeded. 
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STANDARD OPERATING PROCEDLIRE 

NUMBER CT0467-07 

FIELD ANALYSIS FOR PCB BY TEST KIT 



STRATEGIC DIAGNOSTICS INC. 

RaPID Assay@ PCB Test Kit 
A00133/A00134 

Intended Use 

The RaPID Assay@ PCB Test Kit can be used as a 
quantitative, semi-quantitative or qualitative enzyme 
immunoassay (EIA) for the analysis of PCB 
(polychlorinated biphenyl) in water (groundwater, surface 
water, well water). For applications in other matrices please 
contact our Technical Service department or refer to the 

soil application procedure provided. The RaPID Assay@ 
PCB Test Kit allows reliable and rapid screening for PCB 
(measured and reported as Aroclor 1254), with 
quantitation between 0.5 and 10 ppb (as Aroclor 1254), in 
water. The minimum detection level of the kit is 0.2 ppb 
(as Aroclor 1254.) 

Test Principles 

The PCB RaPID Assay@ kit applies the principles of 
enzyme linked inlmunosorbent assay (ELISA) to the 
determination of PCB and related compounds. The 
sample to be tested is added, along with an enzyme 
conjugate, to a disposable test tube,. followed by 
paramagnetic particles with antibodies specific to PCB 
attached. Both PCB (which may be in the sample) and the 
enzyme labeled PCB (the enzyme conjugate) compete for 
antibody binding sites on the magnetic particles. At the 
end of an incubation period, a magnetic field is applied to 
hold the paramagnetic particles (with PCB and labeled 
PCB analog bound to the antibodies on the particles, in 
proportion to their original concentration) in the tube and 
allow the unbound reagents to be decanted. After 
decanting, the particles are washed with Washing Solution. 

NOTE: Color development is inversely propomonal to 
the PCB concentration. 

Darker color = lower concentration 
Lighter color = higher concentration 

The determination of the PCB level in an unknown sample 
is interpreted relative to the standard curve generated from 
kit standards after reading with a spectrophotometer. 

Performance Characteristics 

The PCB RaPID Assay@ will detect different PCB 
Atoclors to different degrees. Refer to the table below for 

data on several of these. The PCB RaPID Assay@ h t  
provides screening results. As w t h  any analytical 
technique (GC, HPLC, etc. ) positive results requiring 
some acaon should be confirmed by an alternative 
method. 

The PCB RaPlD Assay@ immunoassay test does not 
differentiate between PCB and other related compounds. 
The table below shows compounds at the method 
detection limit (MDL) which is the lowest concentration of 
the compound, in water, that can be picked up in the assay. 
The limit of quantitation (LOQ is an approximate 
concentration, in water, required to yield a positive result at 
the lowest standard. This is the lowest concentration of 
the compound that can be quantified in the assay. 
The IC50 is the concentration required to, inhibit one half 
of the color produced by the negative control. It is also 
used to calculate cross-reactivity values to similar 
compounds. 

The presence of PCB is detected by adding the enzyme 
substrate (hydrogen peroxide) and the chromogen (3,3',5,5' 
- tetramethylbenzidine). The enzyme labeled PCB analog 
bound to the PCB antibody catalyzes the conversion of the 
substrate/chromogen mixture to a colored product. After 
an incubation period, the reaction is stopped and stabilized 
by the addition of acid. Since the labeled PCB (conjugate) 
was in competition with the unlabeled PCB (sample) for 
the antibody sites, the color developed is inversely 
propomonal to the concentration of PCB in the sample. 



Aroclor 1268 1 0.92 1 3.03 1 21.80 
Aroclor 1016 1 0.94 1 3.56 1 25.60 

*The following compounds demonstrated no reactivity in 
the PCB RaPID AssayB test kit at concentrations up to 
10,000 ppb: Biphenyl, 2,5-Dichlorophenol, 2,3,5- 
Trichlorophenol, Di-n-oct)rl-phthalate. 

The presence of the following substances up to 250 ppm 
were found to have no significant effect on PCB RaPID 
AssayB results: copper, nickel, zinc, mercury, manganese, 
phosphate, sulfate, sulfite, magnesium, calcium, nitrate and 
thiosulfate. Hurnic acid up to 25 ppm and iron to 100 
ppm were found to have no significant effect. In addition, 
sodium chloride concentrations up to 1.0 M showed no 
effect on results. 

Precautions 
Training is strongly recommended prior to using the 
RaMD AssayB test system. Contact Strategic 
Diagnostics for additional information. 

Treat PCB, solutions that contain PCB, and potentially 
contaminated samples as hazardous materials. 

Use gloves, proper protective clothing, and methods 
to contain and handle hazardous material where 
appropriate. 

Reagents must be added in a consistent manner to the 
entire rack. A consistent technique is the key to 
optimal performance. Be sure to treat each tube in an 
identical manner. 

Water samples should be at a neutral pH prior to - 
analysis. Samples containing gross particulate should 
be filtered (e.g. 0.2 urn AnotopTM 25 Plus, Whatman, 
Inc.) to remove particles. 

store all test kit components at 2OC to 8OC (36OF to 
46°F). Storage at ambient temperature (18OC to 27OC 
or 64°F to 81°F') on the day of use is acceptable. Test 
tubes reqtlire no ~petial stmage and may be stond separahj to 
consewe re~fiigerator .puce. 

Allow all reagents to reach ambient temperature (18OC 
to 27OC or 64OF to 81°q before beginning the test. 
This typically requires at least I hour to warm from 
recommended storage conditions. 

RaPlD Assay@ PCB Test Kit 

---" 

Do not freeze test kit components or expose them to 
temperatures above 100°F (39OC). 

Do  not use test kit components after the expiration 
date. 

D o  not use reagents or test tubes from one test kit 
with reagents or test tubes from a different test kit. 

! 
D o  not mix  reagents from kits of different lot 
numbers. 

Use approved methodologies to confirm any positive 
results. 

0 Do - not under any circumstances attempt to 
disassemble the base of the magnetic rack. Magnets 
will be violently attracted to each other. 

Adequate sample number and distribution are the 
responsibility of the analyst. 

The photometer provided in the accessory kit requires 
electricity and comes with a llOV adapter. Adapters 
for 220V are available. D o  not attempt to operate 
with a car adaptor. 

Do  not expose color solution to direct sunlight. 

Do  not dilute or adulterate test reagents or use 
samples not called for in the test procedure; this may 
give inaccurate results. 

Tightly recap the standard vials when not in use to 
prevent evaporative loss. 

Materials Provided 

Antibody Coupled Paramagnedc Particles in buffered 
saline containing presewative and stabilizers. 

30 test kit: one 20 mL vial 
100 test kit: one 65 mL vial 

Enzyme Conjugate. 

30 test kit: one 10 mL vial 
100 test kit: one 35 mL vial 

Standards 

Three concentrations (0.25, 1.0 and 5.0 ppb) of PCB 
standards (as. Aroclor 1254) in buffered saline 



containing preservative and stabilizers are supplied. 
Each vial contains 4 mL. 

Control 

A concentration (approximately 3 ppb) of PCB (as 
Aroclor 1254) in buffered saline containing 
preservative ' and stabilizers. A 4 mL volume is 
supplied in one vial. 

Diluent/Zero Standard 

Buffered saline containing preservative and stabilizers 
without any detectable PCB. 

30 test kit: one 10 mI, vial 
100 test kit: one 35 mL vial 

Color Solution containing hydrogen peroxide and 
3,3',5,5'-tetramethylbemidine in an organic base. 

30 test kit: one 20 mL vial 
100 test kit: one 65 mL vial 

Stop Solution containing a solution of 2M sulfuric 
acid. 

30 test kit: one 20 mL vial 
100 test kit: one 60 mL vial 

Washing Solution containing preserved deionized 
water. 

30 test kit: one 70 mL vial 
100 test kit: one 250 mL vial 

Polystyrene test tubes 

30 test kit: one 36 tube box 
100 test kit: three 36 tube boxes 

User's Guide 

Materials Required and Ordered 
Separately 
See "Ordering Information" for the appropriate catalogue 
numbers. 

Rapid Assay@ Accessory Kit 

Accessory equipment may be rented or purchased from 
Strategic Diagnostics. See "Ordering Information" for the 
'appropriate catalogue numbers. 

The accessory kit contains the following items: 

Adjustable Volume Pipet 

EppendorpM ~ e ~ e a t e r @  Pipettor 

Electronic timer 

Portable balance capable of weighing 10 g (for soil 
samples) 

Vortex mixer 

Magnetic separation rack 

RPA-I RaPlD Analyzer (or equivalent 
spectrophotometer capable of reading 450 nm in a 1 
rnL sample size). 

Other Items 

12.5 rnL combitips@ for the Repeater pipettor - for 
0.25 mL to 1.25 mL dispensing volumes (5) 

Pipet tips for adjustable volume pipet (100-1000 uL) 

NOTE: Order replacement combitipsB and pipet tips 
separately. See the "Ordering Information" 
section. 

Materials Required but Not Provided 
Methanol (HPLC grade or equivalent) - for water 
analysis 

Protective dothmg (e.g., latex gloves) 

Absorbent paper for blotting test tubes 

Liquid and solid waste containers 

Marking pen 

Instructional video (optional) 

Suggestions for Pipettor Use 

Practice using both pipettes (adjustable volume and 
Repeater pipettor) with water and extra ups before you 
analyze your samples. 

Use a new tip each time you use the Repeater pipettor 
to pipette a different reagent to avoid reagent cross- 
contamination. Tips can be rinsed thoroughly, dried 
completely and reused. By using the same tip to 
dispense the same reagent each time you can avoid . 

cross contamination. 

NOTE: Repeator tips should be changed periodically 
(after -10 uses) since precision deteriorates 
with use. 



Draw the desired reagent volume into the Repeater 
pipettor and dispense one portion of the reagent back 
into the container to properly engage the ratchet 
mechanism. If you do not do this, the first volume 
delivered may be inaccurate. 

To  add reagents using the Repeater pipettor, pipette 
down the side of the test tube just bebw the rim. 

When adding samples and standard using the positive 
displacement pipettor, always pipette into the bottom 
of the tube without touching the sides or bottom of 
the tube. 

Use a new adjustable volume pipet tip each time you 
pipette a new unknown. 

Assay Procedure 

Prior to performing your first Rapid Assay@, please take 
time to read the package inserts in their entirety and review 
the videotape if available. O n  site training i s  strongly 
recommended for new users of this test system. Please 
contact your account manager for further information. 
This procedure is designed for quantitative analysis. For 
running the kit semi-quantitatively or qualitatively, please . 
contact Technical Support. 

Collect/Store the Sample 

The following steps explain how to properly collect and 
store your samples. 

1. Water samples should be collected in glass vessels 
with teflon cap liners). Immediately upon 
collection, water samples should be  diluted with 
a n  equal volume (1:l) of methanol (HPLC grade) 
to  prevent adsorptive losses to the glass 
containers. This is a 2x dilution, which must be 
accounted for when interpreting results. See "Results 
Interpretation", Section 3a for further details. Use 
this diluted sample as "sample" in "Perform the 
Test". 

NOTE: This 2x dilution is  not required for soil 
samples. 

2. Samples should be collected in appropriately sized 
and labeled containers. 

3. If ,testing soil samples, follow the SDI Sample 
Extraction Kit User's Guide or the appropriate 
technical bulletin to properly collect and store your 
sample. 

RaPfD Assay@ PCB Test Kit 

4. Samples should be tested as soon as possible after 
collection. If this is not possible, storage at 4OC 
(3q°F) is recommended to minimize evaporauve 
losses. 

Set Up 

1. Remove kits from refrigerator. All reagents must be 
allowed to come to room temperature prior to analysis. 
Remove reagents from packaging and place at room 
temperature at least 1 hour prior to testing. 

2. Turn on the RPA-I or other spectrophotometer. The 
RPA-1 should be warmed up for at least 30 minutes 
prior to the run. 

3. . Label five 12.5 mL Combitips "Conjugate", 
''Particles7', "Wash", "Color" and "Stop". In addition, 
add the name of the compound you are testing for to 
each Combitip. 

4. Remove nine clean blank test tubes for standards and 
control and one test tube for each sample (if testing in 
singlicate). Label the test tubes according to contents 
as follows. 

Tube # 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 

Con tents 
Negative control (replicate 1) 
Negative control (replicate 2) 
Standard 1 (replicate 1) 
Standard 1 (replicate 2) 
Standard 2 (replicate 1) 
Standard 2 (replicate 2) 
Standard 3 (replicate 1) 
Standard 3 (replicate 2) 
Control 
Sample 1 
Etc. 

*Label at  top  of tubes to  avoid interference with 
reading of tubes in photometer 

Sample Extraction, Filtration and Dilution 

Filtration may be necessary to' remove gross particulate 
from the water sample. ,If testing samples at levels higher 
than standard kit level is desired, contact SDI for special 
instructions. Water samples should be diluted 1:l in 
methanol as described in "Collect/Store the Sample". 
Please follow the instructions from the SDI Sample 
Extraction Kit to prepare and dilute the soil extract prior 
to running the assay. 
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Perform the Test 

1. Separate the upper rack from the magnetic base. Place 
labeled test tubes into the rack. 

2. Add 200 uL of standards, control or samples to the 
appropriate tubes using the adjustable volume pipet 
with the dial set o n -  0200. The negative control, 
standards and control must be run with each batch of 
samples. 

NOTE:  Sample should be added to  the bottom of the 
tube by inserting the pipet tip into the tube without 
touching the sides or the bottom of the tube. Take 
care not to contact sample with pipette tip once 
dispensed into bottom of the tube. 

3. Using the Repeater Pipettor with the "Conjugate" tip 
attached and the dial set on "I", add 250 u L  of 
Enzyme conjugate down the inside wall of each tube. 
(Aim the pipet tip %" to %" below the tube rim or 
tube wall; deliver liquid gently to avoid splashback.) 

4. Thoroughly mix the magnetic particles by swirling 
(avoid vigorous shakind and attach the "Particles" tip 
to the Repeater Pipettor. With the dial set on "2" add 
500 uL of magnetic particles to each tube, aiming 
down the side of the tube as described above. Vortex, 
mixing each tube 1 to 2 seconds at  low speed to 
minimize foaming. Pipetting of magnetic particles 
should be kept to 2 minutes or less. 

5. Incubate 15 minutes at room temperature. 

6. After the incubation, combine the upper rack with the 
magnetic base and press all tubes into the base; allow 2 
minutes for the particles to separate. 

7. With the upper rack and magnetic base combined, use 
a smooth motion to invert the combined rack 
assembly over a sink andpour out the tube contents. 

NOTE:  If the rack assembly inadvertently comes 
apart when lifting to pour out tube contents, re- 
combine and wait a n  additional 2 minutes to allow 
panicles to separate. 

8. Keep the rack inverted and gently blot the test tube 
rims on several layers of paper towels. It is important 
to remove as much liquid as possible but do not bang 
the, rack or you may dislodge the magnetic particles 
and affect the results. 

9. Set the Repeater Pipettor dial to "4" and put on the tip 
labeled "Wash". Add 1 rnL of Washing Solution 
down the inside wall of each tube by using the 
technique described earlier. Vortex tubes for 1-2 
seconds. Wait 2 minutes and pour out the tube 
contents as described previously. Repeat this step 
one more time. 

NOTE:  T h e  number of washes and wash volume are 
important in  ensuring accurate results. 

10. Remove the upper rack (with its tubes) from the 
magnetic base. With the "Color" tip attached to the 
Repeater Pipet and the dial set to "2" add 500 u L  of 
Color Reagent down the inside wall of each tube as 
described previously. Vortex 1 to 2 seconds (at low 
speed). 

11. Incubate 20 minutes at room temperature. During this 
period, add approximately 1 rnL of Washing solution 
to a clean tube for use as an instrument blank for 
"Results Interpretation". 

12. After the incubation, position the Repeater pipettor at 
Setting "2" and use the "Stop" tip to add 500 u L  of 
Stop solution to all test tubes. 

13. Proceed with results interpretation. 

WARNING: Stop solution contains 2M s&ric 

acid. Handle carefully. 

Results Interpretation 

1. After addition of Stop Solution to the test tubes, 
results should be read within 15 minutes. 

2. Wipe the outside of all antibody coated tubes prior to 
photometric analysis to remove fingerprints and 
smudges. 

Photometric Interpretation Using the RPA-I 

1. The RPA-I photometer (provided in the Rapid 
Assay@ Accessory kit) can be used to calculate and 
store calibration curves. It is preprogrammed with 

various RaPID Assay@ protocols. For the PCB 

RaPID Assay@ test kit, parameter settings are as 
follows: 

Data Reduct: f in.  Regression 
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Xformation : Ln/LogitB 

Read Mode : Absorbance 

Wavelength : 450 nm 

Units PPB 

# Rgt Blk : 0 

Calibrators: 

# of Cals : 4 

#ofReps : 2 

Concentrations: 

#1 0.00 ppb 

#2 0.25 ppb 

#3 1 .OO ppb 

#4 5.00 ppb 

Range : 0.10 - 5.00 

Correlation : 0.990 

Rep. %CV : 10% 

NOTE: Prior to analysis the RPA-I User's Manual should 
be thoroughly reviewed for more detailed operation 
instructions. 

2. Follow the instrument prompts to read the absorbance 
of aU tubes: 

Instrument Dis~lay O~erator  Res~onse 

SELECT COMMAND Press RUN 
RUN PROTOCOL Scroll using the YES 1 

or N O  0 keys until the 
desired protocol appears. 
Then press ENTER 

SPL. REPLICATES (1-5) Press 1 (for analysis of 
samples in sjnglicate.) 
Press ENTER 

BLANK TUBE, Insert blank tube 
INSERT TUBE, containing ImL wash 
EVALUATING TUBE, solution. 
REMOVE TUBE (Beep) Remove tube 

CAL #I, REP. #1, Insert Tube #1 
INSERT TUBE, 

EVALUATING TUBE, 
REMOVE TUBE peep) Remove tube 

Follow prompts to read tubes. 

NOTE: Tube order is important. The RPA-I expects to 
see the standards in ascending order, in duplicate, 
starting with the negative control. 

Following evaluation of all standards, the instrument will 
display: 

PRINTING DATA, Data will print 

PRINTING CURVE Curve d print only if 
programmed to print 
(See RPAl User's 
Manual). 

CTRL #1 REP # l ,  Insert Control Tube 
INSERT TUBE, 
EVALUATING TUBE, 
REMOVE TUBE (Beep) Remove Tube 

EDIT CALIBRATORS Press N O  (if editing is 
YES/NO necessary press YES 

and refer to the RPAl 
User's Manual). 

SPL #1 REP#l Insert first sample tube 
INSERT TUBE 
EVALUATIWJG TUBE 
REMOVE TUBE (Beep) Remove tube 

Continue to follow prompts. After all samples have been 
read, press STOP. 

Expected Results: 

%CV (coefficient of variation) between standard 
.duplicates of 10% or less. 

Absorbance reading for the 0 ppb standard should 
be between 0.8 and 2.0 for allassays. 

Correlation (r) of 0.990 or greater for all assays. 

Kit control within range specified on vial. 

Absorbance of negative control and standards 
should be as follows: 

Negative Control>Std. I>Std. 2>Std. 3. 



RaPlD Assay PCB Test Kit 7 

3.  Concentrations will be indicated for all samples on the 
RPA-I printout. 

a) The concentration, as indicated on the 
printout, is multiplied by the appropriate 
dilution factor (if applicable) introduced in the 
procedure. The quantitation range of the kit 
is also multiplied by this factor. 

EXAMPLE: Water samples were diluted 2-fold with 
methanol upon collection (see "Collect/Store the 
Sample" in this User's Guide). As a result, the 
concentrations listed on  the printout should be 
multiplied by 2 to determine the sample 
concentration. T h e  standard concentrations are also 
multiplied by 2 t o  give a quantitation range in water 
for this test kit of 0.5 to 10 ppb. 

b) Samples with an "nd" and no concentration 
listed have an absorbance greater than the 
negative control; therefore, no concentration 
can be computed for these samples. Results 
must be reported as < 0.5 ppb (or Standard 1 
multiplied by the dilution factor.) 

c) Samples with an "nd" next to a listed 
concentration have an estimated 
concentration below the minimum detection 
level of the test kit. Results must be reported 
as <0.5 ppb (or Standard 1 multiplied by the 
dilution factor.) 

NOTE:  Any samples with concentrations 
determined to  be lower than Standard 1 (the 
limit of quantitation) must be reported as < 
0.5 (or Standard 1 multiplied by the dilution 
factor.) Quantitation is not possible below 
this standard a s  this is outside the Linear range 
of the  assay. 

d) Similarly, samples with a "hi" next to a listed 
concentration have an estimated 
concentration higher than Standard 3 and 
must be reported as >10 ppb (or Standard 3 
multiplied by the dilution factor.) 

NOTE:  In order t o  determine the concentration of 
samples with concentrations greater than Standard 3, 
they must be  subjected to  repeat testing using a 
diluted sample. A ten-fold or greater dilution of the 
sample is recommended with a n  appropriate amount 
of PCB diluent. This. additional dilution must then be  

taken into account when calculating the 
concentration. Please contact technical support for 
assistance in  performing dilutions. 

Photometric Interpretation Using Other Photometers 

Other photometers may also be used to interpret results 
obtained from the RPA-I photometer. It is important that 
the photometer be able to read absorbance at 450nm and 
that the instrument can read at a 1 mL fill volume. 
Absorbances obtained from other spectrophotometers 
(reading at 450 nrn) may be used to manually calculate 
sample concentrations as outlined below. 

1. Calculate the mean absorbance for each of the three 
standards and the negative control. 

2. Determine the standard deviation and %CV 
(coefficient of variation) of each standard and ensure 
%CV is less than 10% for each. 

3. Calculate the %B/Bo for each standard by dividing the 
mean absorbance value for the standard by the mean 
absorbance value for the negative control and 
multiplying the results by 100. 

4. Construct a standard curve by plotting the %B/Bo for 
each standard on the veracal logit fy) axis versus the 
corresponding analyte concentration on the horizontal 
logarithmic (x) axis on the graph paper provided in the 
test kit. Graph papers are specific for each 
method. Use only the  graph paper supplied with 
each kit. 

5. Draw the best straight line through :h points. Using 
the %B/Bo of the sample, the concentration can be 
interpolated from the standard curve. 

6. Multiply results by the appropriate dilution factor (if 
applicable) introduced in the procedure. For example, 
if the sample was diluted 10-fold to increase the 
detection levels of the kit then the results must be 
multiplied by 10. This dilution also changes the range 
of the assay (standards) by the same factor. 

NOTE: D o  not forget to account for the 2x dilution 
introduced in the "Collect/Store the  Sample" 
procedure for water samples. 
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Limitations of the Procedure 
l 'he Rap~d Assay@ PCB Test Kit is a screening test only. 
Samphng error may sipficantly affect tesung reliab~iity. 
Adequate sample number and distribution are the 
responsibhty of the analyst. 
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Ordering Information 

Orderingmechnical Assistance 

Description I Catalogue Number 

Should you have any questions regarding this procedure prior to analysis contact Technical Service to avoid costly mistakes. 

Rapid Assay0 PCB Kit 
Rapid Assay@ Accessory Kitt* 
Adjustable Volume Pipet Tips (1 00- 1000 uL) 
12.5 mL Combitip for Repeating Pipette (1 each) 
PCB Diluent 
PCB Soil Proficiency Sample 
Rapid Assay@ Accessory Kit Rental 

To Place an Order or Receive Technical Assistance, please call Strategic Diagnostics Inc. at: 

A001 33/A00134 
6050100 
A000 13 
A00009 
A00136 
A00175 
6997010 

Call toll-free 800-544-8881' 

** To obtain part numbers and pricing for individual items in the Accessory Kit contact SDI at  the number below. 

Or 302-456-6789 Phone 
302-456-6782 Fax 
Web site: www.sdix.com 
E-mail: techservice@,sdix.com 

General Limited Warranty 
SDI's products are manufactured under strict quality control guidelines and are warranted to be free from defects in materials and 
workmanship. New instruments and related non-expendable items are warranted for one year from date of shipment against defective 
materials or workmanship under normal use and service. 
Warranty obligation is limited to repair or replacement of thc defective product or to refund of the purchase price, at the discretion of 
SDI. Other warranties, express or implied, are disclaimed. SDI's liability under any warranty claim shall not exceed the refund of the 
purchase price paid by the customer. Under no circumstances shall SDI be liable for special, indirect or consequential damages. 

Safety 

To receive an MSDS for this product, visit our web site at www.sdix.com. 

Copyright0 1997, Strategic Diagnostics Inc., 

200245.1, Rev 4/4/00 



Operation of the Repeater 
Pipet 

To Set or Adjust Volume 

To determine the pipetting 
volume, the dial setting (1 -5) is 
multiplied by the minimum 
pipetting volume of the tip 
(indicated on the side of the 
Combitip, e.g. 1 ~ 1 0 0  uL.) 
To Assemble Pipet Tip 

Slide f i n g  lever down unul it 
stops.  hen raise the locking 
 clam^ and insert the  ti^ untd it 

I 1 

clicks into position. Be sure the 
- up plunger is fully inserted into 

the barrel before lowering the 
locking clamp to affix the tip in 
place. 
To Fill Tip 

With tip mounted in position on 
pipet, immerse end of tip into 
solution. Slide filling lever 
upward slowly. Combitip vnll £ill 
with liquid. 
To Dispense Sample 

Check the volume selection dial 
to ensure pipetting volume. 
Place tip inside test tube so that 
tip touches the inner wall of 
tube. Completely depress the 
pipetting lever to deliver sample. 
NOTE: Dispense one portion 
of reagent back into the 
container to engage the ratchet 
mechanism and ensure accuracy. 

To Eject Tip 

Empty tip of any remaining 
solution into appropriate 
container by pushing f i n g  lever 
down. Raise locking clamp ' 

upward, and remove the 
Cornbitip. 

Pipet tip 

To Eject Tip 

AdMabic volume Operation of the 
pipet Adjustable Volume Pipet 

To Set or Adjust Volume 

Press release button on s~de of 

Press push-button to 3rd stop. 
Tip is ejected. 

Rdease bumn pipette and turn the push-button 
to adjust volume up or down. 
Volume setting is displayed on 
top of pipet. See kit instructions I 

for approprjate settmg. Pipet 
will accurately dispense volumes 
between 100 and 1000 uL. 
To Assemble Pipet Tip 

Gently push nose cone of pipet 
firmly into a pipet tip contained 
in the pipet tip rack. 

Nose WftC To Withdraw Sample 

* / -  
Keep pipet almost vertical. With 
tip mounted in posiuon on pipet, 

Repeater Pipet press push-button to lSt stop and 
hold ~ t .  Place tip at bottom of 
liquid sample and slowly release 
push-button to withdraw 
measured sample. Ensure that 
no air bubbles exist m the pipette 
tip. If bubbles exlst, dspense 
sample and re-withdraw. Slide 
tip out along the inside of the 
vessel. 
To Dispense Sample 

Wipe any liquid from outside of 
tip taking care not to touch 
orifice. Place tip into tube, 
almost to the bottom, and slowly 
press push-button to 2nd stop. 
Hold push-button at 2 n d  stop 
when removing tip from tube. 
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RaPID Assay@ PCB In Soil Application 

Intended Use RPA-1 Analyzer as listed below to automatically correct for 
this dilution factor. 

For detection of Polychlorinated Biphenyls (PCB's) (as 
Aroclor 1254) in soil. For testing in other matrices, please 1. The RE'A-I photometer (provided in the Rapid 
contact our technical support department at AssayB Accesso~y kit) can be used to calculate and 
1-800-544-8881. store calibration curves. To  obtain soil results from 

the PCB Rapid AssayB test kjt on the RPA-I the 
Materials Required but Not Provided following parameter settings are recommended: 

SDI Sample Extraction Kit 
(Part Number: A00137EA/A00137EB) 

Procedural Notes and Precautions 

Prepare soil samples for analysis according to the 
procedure in the SDI Sample Extraction Kit Users 
Guide. 

After extraction and dilution of samples, follow the 
imrnunoassay procedure as described in the Rapid 
Assay O PCB Test Kit User's Guide. 

The initial 2x dilution described for water samples in 
Step 1 of "Collect/Store the Sample" does not need to 
be performed for soil samples. 

Quality Control 

A control solution at approximately 3 ppb (as Aroclor 
1254) is provided with the PCB RaPID Assay8 Kit. It is 
recommended that it be included in every run and treated 
in the same manner as unknown samples. If running 
standard soil procedures an acceptable result should be 
2000 times the value stated on the control vial (i.e. 6.0 + or 
- 1.2 ppm) when the control results are corrected for the 
dilution factors (see Results section below). 

Results Interpretation 

Interpret soil sample results as described in the RaPID 
Assay@ PCB Test Kit procedure, accounting for the total 
dilution factor indicated in the table of the SDI Sample 
Extraction Kit Users Guide. Alternatively, program the 

Data Reduct: Lin. Regression 

Xformation : Ln/ Logi tB 

Read Mode : Absorbance 

Wavelength : 450 nm 

Units PPM 

# Rgt Blk : 0 

Calibrators: 

# o f  Cals : 4 

# of Reps : 2 

Concentrations: 

#1 0.00 PPM 

#2 0.50 PPM 

#3 2.00 PPM 

#4 10.00 PPM 

Range : 0.5 - 10.00 

Correlation : 0.990 

Rep. %CV : 10% 

Performance Data 

The PCB RaPID Assay@ does not differentiate between 
PCB and other related compounds. The table below 
shows compounds at the method detection limit (MDL) 
which is the lowest concentration of the compound in soil 
that can be picked up in the assay. The limit of 



quanritation (LOQ is an approximate concentration Range of Detection 
required to yield a positive result at the lowest standard, 
this is the lowest concentration of the compound in soil The PCB RaPID Assay@ has a range of detection in soil of 
that can be quantified in the assay. The IC50 is the 500 ppb to 10 ppm (as Aroclor 1254) when used in 
concentration in soil required to inhibit one half of the conjuncdon with the SDI Sample Extraction Kit. 
color produced by the negative control. It is also used to 
calculate cross-reactivity values to similar compounds. Recovery 

Soil Contaminants 

Some cont-nants found in soils that also contain PCB's 
can interfere with the analysis and cause false positives, 
false negatives or both when the compound is present at 
elevated concenttations. Interferences were assessed by 
adding increasing concentrations of some relevant 
contaminants to blank and PCB spiked soils prior to the 
extraction procedure. The concentration of the compound 
shown below produced no evidence of interference in a 
positive or negative direction in the 500 ppb to 10 pprn 
detection range of the procedure described above. 

concentration in soil 
soil contaminant producing no interference 

trichloroethylene 100,000 ppm or 10% 
gasoline 25,000 ppm or 2.5% 
transformer oil 5,000 ppm or 0.5% 
1 -chloronapthalene 2,000 ppm or 0.2O/0 
1,2,4 trichlorobenzene 1,000 pprn or 0.1 % 
diesel fuel 1,000 ppm or 0.1% 

If additional dilutions of the soil extract are made to detect 
soil PCB concentrations greater than 10 ppm, these 
interferences are diminished in direct proportions to the 
dilution made. 

PCB recoveries will vary depending on soil type, retendon 
mechanism, solvent and extraction apparatus used, length 
of extraction period and levels of potentially interfering ! 
substances in the soil. 

200254.1 Rev. 411 0100 
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Sample Extraction Kit User's Guide 

Intended Use 

This extraction kit is for use with the appropriate 
immunoassay test kit. Each Sample Extraction kit 
contains the materids necessary to process twelve (12) soil 
or wipe samples. 

Test Principles 

The reagents contained in the Sample Extraction kit have 
been optimized for fast, efficient removal of compounds 
from soil or surfaces and convenien; preparation of the 
sample for immunoassay testing at levels of interest to the 
investigator. The system allows for reliable, convenient 
and cost effective determinations at the held testing or 
remediation site. 

Performance Characteristics 

Precautions 
Treat potentially contaminated samples as hazardous 
materials. 

Use gloves, proper protective clothing, and methods 
to contain and handle hazardous material where 
appropriate. 

Store all kit components at ambient temperature (18OC 
to 27OC or 6 4 O F  to 81°F). 

D o  not mix reagents. from kits of different lot 
numbers. 

When testing soil samples, samples obtained from 
areas adjacent to standing water, surface soils collected 
during or immediately after rain or snow, or any soils 
with relatively high amounts of water (2 30% by 
weight) should be dried prior to extraction. Contact 
technical service for recommended methods. 

Adequate sample number and distribution are the 
responsibility of the analyst. 

Do not dilute or adulterate test reagents; this may give 
inaccurate results. 

Cloudy or dark sample extracts may inchcate the 
presence of an interference in your sample. Please 
contact Technical Support if this occurs. 

Materials Provided 

Filter unit bottoms: 12 per kit 

Filter unit tops: 12 per kit 

Wooden spatulas: 12 per kit 

Plastic Weigh Boats: 12 per kit 
. . 

Bulb Pipettes: 12 per kit 

Ampule crackers: 12 per kit 

Extraction jars: 12 per kit 
(jars for soil extraction contain 3 ball bearings) 

10 cm x 10 un Plastic Wipe Templates: 12 per kit 
(PCB Wipe Kit only) 

Gauze Wipes: 12 per kit 
(PCB Wipe IGt only) 

Protective gloves: 24 per kit 
(PCB Wipe Kit only) 

User's Guide 

Kit Specific Extraction Solution: 12 per kit as 
described below: 

20 mL of 100% Methanol for use with: 

Ensys PCB Soil/Wipe (Part #7020301/7021301) * 
Ensys Petro Soil (Part #7042301) 
Ensys PAH Soil (Part #7061301) * 
Ensys Penta Soil (Part #7000301) * 
RaPID Assay PCB (Part # A00133/A00134) * 
RaPID Assay PAH (Part # A00156/A00157) * 
RaPID Assay CaPAH (Part # A00200/A00201) * 
RaPID Assay TNT (Part # A001 86) * 

10 rnL of 10O0/0 Methanol for use with: 

Envirogard PAH in Soil (Part #7060600) * 
Envirogard BTEX in Soil (Part #7004000) 
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Envirogard TPH in Soil (Part # 7042000) 
Envirogard DDT in Soil (Part #7310000) * 
Envirogard PCB Soil/Wipe * 
(Part #7020800/7021600 or #7021500/7021600) 

20 mL of 90% Methanol for use in: 

Envirogard Chlordane in Soil (Part #7311000) 
Envirogard Toxaphene in Soil (Part #7420000) 
Envirogard Lindane in Soil (Part #7630000) 

10 mL of 75% Methanol for use in: 

Rapid Assay BTEX (Part #A001 61 /A00162) 

20 mL of 75% Methanol with Sodium Hydroxide for 
use in: 

Rapid Assay PCP (Part #A001 10/A00111) 

10 mL of 100% Methanol with Surfactant for use in: 

Rapid Assay Cyclodienes (Part #A00216) 

* Indicates extraction solution is also available in b u k  
(i-e. two 125 m L  bottles per kit) 

Kit specific dilution material (for Ensys and RaPID 
Assay test kits) 

- For Ensys test kits dilution ampules will be 
provided based on customer specified detection 
levels. 

- For Rapid Assay test kits, 12 dilution vials with the 
appropriate volume of assay diluent (see 'Dilute 
the Sample" section of this User's Guide) will be 
provided. The kit may also contain &ed volume 
disposable pipets and tips as appropriate. 

Materials Required and Ordered 
Separately 

50 mL ~ o m b i t i ~ s @  for the Repeater pipettor - for 1.0 
mL to 5.0 mL dispensing volumes (if using bulk 
extraction solution) . ' 

Eppendorf Repeater pipettor (if using bulk extraction 
solution) 

Portable balance capable of weighing 10 g (for soil 
samples) 

Electronic timer 

NOTE: Order replacement combitipsB separately. See 
the "Ordering Information" section. 

Materials Required but Not Provided 

Protective clothing (e.g., latex gloves) 

Liquid and solid waste containers 

Markmgpen 

Soil Procedure 

Collect/Store the Sample 
! 

The following steps explain how to properly collect and i 
store your samples. 

1. Collect soil in appropriately sized and labeled 
containers. 

2. Take care to remove excess twigs, organic matter, 
and rocks or pebbles from the soil sample to be 
tested. 

3. Soils obtained from areas adjacent to standing water, 
surface soils collected during or immediately after 
rain or snow, or any soils with relatively high 
amounts of water (2 30% by weight) should be dried 
before testing. Contact Technical Services for 
recommended methods. 

4. When comparing data from fields and laboratory 
methods it is important that split samples are 
obtained from thoroughly homogenized samples. 

5. Store soil samples at 4OC (39OF), s t a p g  within the 
EPA recommended holding times for your analyte of 
interest. 

Weigh the Sample 

1. Verib digital balance is cahbrated correctly by 
pressing the ON/MEMORY button on the 
instrument and placing the 100 g weight (in the 
pocket of the instrument cover) onto the balance. If 
the instrument does not read 100L0.1 g, you must 
recaltbrate the instrument as per the manufacturer's 
instructions provided with your accessory kit. 

2. Place an unused plastic weigh boat on the digital 
balance (provided in the Field Accessory Kit). 

3, Press the ON/MEMORY button on the +tal 
balance. The balance will beep and display 0.0. 

4. Weigh out 10 & 0.1 grams of sample into the weigh 
boat on the balance using a wooden spatula. 

NOTE. If the balance turns off prior to completing 
the weighing of the sample, use an  empty weigh boat 
to retare the instrument and then continue. 
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5. Repeat Steps 1-3 for each sample to be tested, using a 
new weigh boat and wooden spatula for each sample. 

Extract the Soil 

1. Uncap an extraction jar (containing ball bearings) and 
place it on a flat surface. Label the extraction jar with 
the sample identification. Transfer 10 grams of 
sample from the weigh boat into the appropriately 
labelled extraction jar, using the same wooden spatula 
used to weigh the sample. Be careful to get all of 
your sample into the extraction jar. 

2. Open the solvent ampule using the ampule cracker 
provided in your extraction kit by placing the ampule 
cracker over the scored neck of the ampule. The 
ampule cracker is designed to protect your hands 
from broken glass. 

3. Pour the entire contents of one solvent ampule into 
the extraction jar and immediately recap the 
extraction jar. D o  not leave the jar open or the 
solvent d evaporate and affect results. 

4. Shake the jar vigorously for one lid minute. 

5. AUow the sample to settle for one minute or untll a 
liquid solvent layer is observed above the sample. 

NOTE: If the solvent layer is not observed within 15 
minutes, contact Technical Support for assistance. 
Clay samples are often difficult to extract because 
they absorb the solvent. I n  this case, Technical 
Support may recommend decreasing the soil to 
solvent ratio. This will affect detection levels and 
should be discussed in  advance 

6. Repeat Steps 1-5 for each sample to be tested. 

Filter the Extract 

1. Insert the bulb pipet into the top (liquid) layer in the 
extraction jar (being carehl not to disturb the lower, 
solid layer) and draw up some of the sample. 
Transfer at least % bulb capacity into the bottom 
portion of the filtration unit. DO not use more than 
one full bulb. 

2. Press the top portion of the filtration unit (which is 
the piece with the cap and filter) into the bottom 
portion (containing the sample) until it snaps 
together or until the majority of the liquid has passed 
upward through the filter. Place on a flat surface. 

3. Repeat Steps 1-2 for each sample to be tested. 

NOTE: D o  not store sample in the filtration unit for 
extended periods of time. The seal on the unit will 
not sufficiently prevent evaporative losses of the 
solvent. Evaporation of the solvent will affect results. 

Dilute the Sample 
I. Envirogard and Ensys test Ib'rs - Use the filtered 
extract as "SAMPLE in the test kit User's Gulde 
procedure. The Ensys User's Guide describes a sample 
dilution method based on your individual testing needs. 

II. Rapid Assay - Dilute the filtered extract into the 
appropriate sample diluent as described in the following 
table: 

PCB 
(Aroclor 1254) 

PAH 250 
I (phenanthrene) 

CaPAH 1 200 1 9.8 ( 100 1 0.01 to 0.5 

TPH 

I (m) 
Cvclo- / 250 1 12.25 1 50 1 0.1 to2 

I (total BTEX) 

I 
PCP 1 50 1 25 I 1000 I 0.1 to 10 

I (PCP> 

dilution into account as  well as the kit dilution (i.e. 10 
g soil to 20 m L  solvent is a 2x dilution). 

TNT 1 50 1 25 I 1000 1 0.25 to 5 

dienes 

a. Remove a premeasured diluent vial from your 
extraction kit for each sample to be tested. Label vials 
with the appropriate sample identification. Vials 
contain the volume of diluent specified in the 
preceding table corresponding to your test kit. 

I (Dieldrin) 

b. Using the adjustable volume pipet (for volumes 
between 100 and 1000 uL) or the tan fixed volume 
pipet provided in the extraction kit (for 25 or  50 uZ, 
volumes) pipet the volume of filtered extract speafied 

*Note: uTotal' dilution factor" takes the extraction 
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in the table above directly info the liquid in the 
corresponding diluent vial. 

c. Screw the cap tightly onto the diluent vial and mix by 
inverting several times. Repeat steps 1 and 2 for each 
sample being tested using a new, clean pipet tip for 
each one. 

d. The diluted extract should be used as "Sample" in the 
test kit User's gutde procedure. 

Wipe Procedure 
CollecVStore the Sample 

The following steps explain how to properly collect and 
store your samples. 

1. Collect sample in appropriately sized and labeled 
containers. 

2. Wearing a clean pair of protective gloves provided in 
the extraction kit, uncap an extraction jat. 

3. Open the solvent ampde using the ampule cracker 
provided in your extraction kit by placing the ampule 
cracker over the scored neck of the ampule. The 
ampule cracker is designed to,protect your hands from 
broken glass. 

4. Pow the entire contents of one solvent ampule into 
the extraction jar and immediately recap the extraction 
jar. D o  not leave the jar open or the solvent will 
evaporate and affect results. 

5. Soak a gauze pad in the extraction jar containing 
solvent. Remove the gauze wipe from the extraction 
jar carefully squeezing the excess solvent from the pad 
back into the extraction jar. 

6.  Hold a clean 10 x 10 template on the surface to 
be wiped. Wipe the entire exposed area according to 
proper wipe sampling techniques. The wipe shodd be 
damp when finished. 

7. Place the wipe back into the same extraction jar used 
in Step 4 and cap tightly. 

8. Remove and discard the gloves. 

9. Repeat Steps 1-7 for each sample to be tested. 

10. Store samples at 4OC (39OF9, staying within the EPA 
recommended holding times for your analyte of 
interest. 

Extract the Sample 

1. Shake the jar vigorously for one hll minute. 

2. Repeat for each sample to be tested. 

Filter the Extract 

1. Insert the bulb pipet into the top (liquid) layer in the 
extraction jar and draw up some of the sample. 
Transfer at least 95 bulb capacity into the bottom 
portion of the filtration unit. D o  not use more than 
one full bulb. 

2. Press the top portion of the filtration unit (which is 
the piece with the cap and filter) into the bottom 
portion (containing the sample) until it snaps together. 
Place on a flat surface. 

3. Repeat Steps 1-2 for each sample to be tested. 

NOTE: D o  not store sample in the filtration unit for 
extended periods of time. The  seal on the unit will 
not sufficiently prevent evaporative losses of the 
solvent. Evaporation of the solvent will affect results. 

Dilute the Sample 
I. Envirogard and Ensys test kits - Use the filtered 
extract as "SAMPLE" in the test kit User's Guide 
procedure. The Ensys User's Guide describes a sample 
ddution method based on your individual testing needs. 

II. Rapid Assay - Dilute the filtered extract into the 
appropriate sample diluent as described below. 

a. Remove a premeasured diluent vial from your 
extraction kit for each sample to be tested. Label vials 
with the appropriate sample identification. Vials 
contain the volume of dduent specified in the table 
above corresponding to yow test kit. 

PCB 

b. Using the adjustable volume pipet (for volumes 
between 100 and 1000 uL) or the tan fixed volume 
pipet provided in the extraction kit (for 25 or  50 uL 

Diluent 
(mL) 

Kit Total 
Dil. 

Extract 
Vol. 

Test Range (ppm) 

*Note: "Total dilution factor" takes the extraction 
dilution into account as  well as  the kit dilution (i.e. 10 
g soil to 20 mL solvent is a 2x dilution). 

25 25 2000 5 to 100 ug/lOO cm2 
(Aroclor 1254) 
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volumes) pipet the volume of fdtered extract specified 
in the table above directly into the liquid in the 
corresponding diluent vial. 

c. Screw the cap tightly onto the diluent vial and mix by 
inverting several times. Repeat steps 1 and 2 for each 
sample. being tested using a new, clean pipet tip for 
each. 

d. The dduted extract should be used as "Sample" in the 
test kit User's guide procedure. 

Limitations of the Procedure. 
Sampltng error may significantly affect testing reliability. 
The distribution of contaminants in soils can be extremely 
heterogeneous. Adequate sample number and distribution 
are the responsibdity of the analyst. 
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Ordering Information 

OrderingITechnical Assistance 
Should you have any questions regarding this procedure prior to analysis contact Technical Service to avoid costly mistakes. 

Description 
SDI Sample Extraction Kit (with methanol in ampules or bulk) 
50 rnL Combitip for Repeating Pipette (1 each) 
Portable balance** 
Eppendorf Repeater Pipettor** 
Electronic Timer** 

To Place an Order or Receive Technical Assistance, please call Strategic Diagnostics Inc. at: 

Call toll-free 800-544-8881 

Catalogue Number 
Contact Customer Support 
6005600 
A00131 
A00008 
A00015 

Or 302-456-6789 Phone 
302-456-6782 Fax 
web site: www.sdix.com 
e-mail: t e ~ h ~ e r v i ~ e @ ~ d i ~ . ~ ~ m  

** These items are also included in our field accessory kits which are available for rent o r  purchase. 
1 

General Limited Warranty 
SDl's products are manufactured under smct quality control guidelines and are warranted to be free from defects in materials and 
workmanship. New instruments and related non-expendable items are warranted for one year from date of shipment against defective 
materials or workmanship under normal use and service. 
Warranty obligation is limited to repair or replacement of the defective product or to refund of the purchase price, at  the discretion of 
SDI. Other warranties, express or implied, are disclaimed. SDI's liability under any warranty claim shall not exceed the refund of the 
purchase price paid by the customer. Under no circumstances shall SDI be liable for special, indirect or consequential damages. 

Safety 

To receive an MSDS for this product, visit our web site at www.sdix.com. 

Rev 10119199 
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PCB Soil 12 Test Kit 

MATERIAL IDENTIFICATION 
ManufacturerlDistributor: Strategic Diagnostics Inc. 

11 1 Pencader Drive 
Newark, DE 19702 

Phone Number: 1-(302) 456-6789 

Trade Names and Synonyms: PCB Soil 12 Test Kit (7020301) 

NFPA Ratings Health: 3 
Flammability: 3 
Reactivity: 1 

OSHA HAZARD DETERMINATION 
Hazardous Ingredients CAS Number Weight Percent 

Methanol 
Methyl alcohol. Wccd alcohol 

Sulfuric Acid 
Oil of Vitriol; Hydrogen Sulfate; 

Sulphuric acid 

PHYSICAL DATA 
Plastic kit containing small amounts of various liquids and powders. 

HAZARDOUS REACTIVITY 
Instability Stable - Reactivity not expected with the product. 

FIRE AND EXPLOSION DATA 
Fire and Explosion Hazards Methanol is a fire and explosion hazard. Methanol has a 

flash point of 50" F. Fire hazard when exposed to heat, 
flame, or oxidizers. Vapors are explosive. N,N1- 
Dimethylformamide has a flash point of 58°C. 

Extinguishing Media Use alcohol foam, Carbon Dioxide or dry chemical to 
extinguish fire. 

Special Fire Fighting Instructions Firefighters should wear self - contained breathing 
apparatus and protective clothing. 

HEALTH HAZARD INFORMATION 
Primary Route@) of ExposurelEntry: Skin, Eyes and Mouth. Flush skin and eyes with large amounts of 
water for at least 15 minutes. If inhaled or ingested, seek prompt medical attention. 

Signs and Symptoms of ExposurelMedical Conditions Aggravated by Exposure: 
Methanol may be harmful, if inhaled or ingested. May be fatal, if sufficient quantity is ingested. If ingested, 
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induce vomiting immediately. Methanol can also cause headache, nausea, blindness and gastrointestinal 
disturbance. 
N,N - Dimethylformamide may cause irritation to skin, eyes, and mucous membranes. Flush skin and eyes 
w~th large amounts of water. The other adverse effects that may occur with this chemical are : headache 
and nausea. 

Eye exposure to concentrated sulfuric acid solution may cause severe damage, offen leading blindness. 
Dilute solutions produce a more transient effect from which recovery may be complete. Exposure to mist 
may cause eye irritation and lacrimation. Skin contact with sulfuric acid may cause severe irritation and 
pain, burnsand vesiculation. 
The toxicological properties of the kit components have not been fully defined. Contact may cause irritation 
to eyes, skin, and mucous membranes. May cause irritation if inhaled or ingested. Limit exposure to 
material. 

Sulfuric acid is corrosive and may cause severe buming pain in the mouth, throat, and abdomen followed by 
vomiting and diarrhea. Asphyxia may occur from the swelling of the throat. Perforation of the esophagus 
and stomach may occur. 

Carcinogenicity: None of the components in this material is listed by IARC, NTP, OSHA, or ACGlH as a 
carcinogen. 

Applicable Exposure Limits 

Methanol 
OSHAlPEL 262 mg/m3 
ACGlH /TLV 262 mg/ m3 
TXDS: orl-rat LDso 5628 mgtkg 

ihl-rat LCso 64000 pprrJ4H 
orl-mice LDso 7300 mg/kg 
skn-rbt LDso 15800 mgkg 

N.N - Dimethylforrnamide 
OSHAIPEL 30 mgIm3 (10 ppm) 
ACGlH I TLV 30 mglm3 (10 ppm) 

Sulfuric acid 
OSHAl PEL 1 mg/m 
ACGTHmLV 1 nig/m3 

FIRST AID 
Inhalation No specific intervention is indicated as the compound is not likely to be hazardous by 

inhalation. Consult a physician if necessary. 

Skin Contact The compound is not likely to be hazardous by skin contact, but may cause irritation. If 
irritation occurs flush skin with large amounts of water. If irritation persists, contact a 
physician. 

Eye Contact In case of contact, immediately flush eyes with plenty of water for at least 15 minutes. 
Call a physician. . 

Ingestion The compound is toxic by ingestion. Call a physician. 

PROTECTION INFORMATION 
General Control Measures and Precautions: Ventilation - Natural ventilation. 

personal Protective Equipment: Respiratory Protection: None required. 

Protective Gloves: Are highly recommended. 

Eye Protection: Safety glasses are required. 
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Other Protective Equipment: A lab coat or other long - sleeved 
garment is required to limit skin exposure. Access to a safety 
shower and eyewash is required. 

SPILL, LEAK AND DISPOSAL INFORMATION 
Spill, Leak, or Release Review FIRE AND EXPLOSION HAZARDS and SAFETY PRECAUTIONS 

before proceeding with clean up. 

Use appropriate PERSONAL PROTECTIVE EQUIPMENT during clean up. 
Contain spill and collect in suitable container. Eliminate any ignition sources 
in the area. Use adequate ventilation. 

No special clean up practices are required. 

Waste Disposal Dispose of as solid waste in accordance with any applicable federal, state, and local 
requirements. 

SHIPPING INFORMATION 
DOT Proper Shipping Name Not DOT regulated. 

IATAllMO . Proper Shipping Name Not restricted. 

TITLE I l l  HAZARD CLASSIFICAI-ION 
Acute No 

Chronic No 

Fire No 

Reactivity No 

Pressure No 

REGULATORY INFORMATION 
OSHA HAZARD DETERMINATION: This material is not known to be hazardous as defined by OSHA's 
Hazard Communication Standard, 29 CFR 1910.1200 

EPA DETERMINATIONS: 
COMPREHENSIVE ENVIRONMENTAL RESPONSE, COMPENSATION, & I-IABII-ITY ACT 
(CERCWSUPERFUND), 40 CFR 302 - This material is not known to contain hazardous substances in 
sufficient quantity to make it subject to CERCLA regulations. 

TOXIC SUBSTANCES CONTROL ACT (TSCA), 40 CFR 710 
The material is a mixture as defined by TSCA. The chemical ingredients in this material are in the Section 
8(b) Chemical Substance Inventory and/or are otherwise in compliance with TSCA. In the case of 
ingredients obtained from other manufacturers, Strategic Diagnostics, Inc. relies on the assurance of 
responsible third parties in providing this statement. 

RESOURCE CONSERVATION AND RECOVERY ACT (RCRA), 40 CFR 261, SUBPARTS C AND D 
The material, when discarded or disposed of, is not specifically listed as a hazardous waste in Federal 
regulations; however, it could be considered hazardous if it meets criteria for being toxic, corrosive, ignitable 
or reactive according to U.S. EPA definitions (40 CFR 261). This material could also become a hazardous 
waste if it is mixed with or comes in contact with a listed hazardous waste. If it is a hazardous waste, 
regulations 40 CFR 262-266 and 268 may apply. 
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HAZARDOUS MATERIALS TRANSPORTATION REGULATIONS, 49 CFR 171-178 - This material is not 
known to contain hazardous substances in sufficient quantity to make it subject to the Regulations. 

FOREIGN REGULATIONS: CANADIAN HAZARDOUS PRODUCTS ACT (WHMIS) 
The material is not a WHMIS Controlled Product. 

STATE REGULATIONS: 
CALIFORNIA SAFE DRINKING WATER AND TOXIC ENFORCEMENT ACT OF 1986 ('PROPOSITION 6 5 )  
The material is not known to contain any ingredients (s) subject to the Act. 

PENNSYLVANIA WORKER AND COMMUNITY RIGHT TO KNOW ACT 
This material is not known to contain any ingredient(s) subject to the Act. Non-hazardous ingredient(s) 
information is withheld as trade secret in accordance with Section I I of the Pennsylvania Worker and 
Community Right to Know Act. 

The above data are based on tests, experience, and other information which Strategic Diagnostics Inc. believes 
reliable and are supplied for informational purposes only. However, some ingredients may have been purchased 
or obtained from third-party manufacturers. In these instances, Strategic Diagnostics, lnc., in good faith, relies 
on information provided by those third parties. Since conditions of use are outside our control, STRATEGIC 
DIAGNOSTICS INC. DISCLAIMS ANY LlABLlTlTY FOR DAMAGE OR INJURY WHICH RESULTS FROM USE 
OF THE ABOVE DATA. NOTHING CONTAINED HEREIN SHALL CONSTITUTE A GUARANTEE, WARRANTY 
(INCLUDING WARRANTY OF MERCHANTABILITY) OR REPRESENTATION (INCLUDING FREEDOM FROM 
PATENT LIABILITY) BY STRATEGIC DIAGNOSTICS, INC. WITH RESPECT TO THE DATA, THE MATERIAL 
DESCRIBED, OR ITS USE FOR ANY SPECIFIC PURPOSE, EVEN IF THAT PURPOSE IS KNOWN TO 
STRATEGIC DIAGNOSTICS INC. 

Responsibility for MSDS: Strategic Diagnostics Inc. 
11 1 Pencader Drive 
Newark, DE. 19702 
(302) 456-6789 

* End of MSDS * 
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STANDARD OPERATING PROCEDURE 

NUMBER CT0467-08 

MANAGEMENT OF INVESTIGA-TION-DERIVED WASTE 

1 .O PURPOSE 

This Standard Operating Procedure (SOP) describes how investigation-derived waste (IDW) will be 

collected, segregated, classified, and managed during the field investigations at the NSWC Crane facility. 

The following types of IDW will be generated during this investigation: 

Decontamination solutions 

Personal protective equipment and clothing (PPE) 

Miscellaneous trash and incidental items 

2.0 REQUIRED FIELD FORMS AND EQUIPMENT 

Health and safety equipment (with PPE) 

Decontamination equipment 

Field logbook and indelible ink pen 

Plastic sheeting and/or tarps 

55-gallon drums with sealable lids 

IDW labels for drums 

Wastewater container tanks 

Plastic garbage bags 

3.0 PROCEDURES 

Management of IDW includes the collection, segregation, temporary storage, classification, final disposal, 

and documentation of the waste-handling activities if necessary. 

3.1 Liquid Wastes 

Liquid wastes that will be generated during the site activities include decontamination solutions from 

sampling equipment. These wastes will be collected and transported to a central location at NSWC 
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Crane (adjacent to a Crane-designated sanitary sewer manhole). The water will be discharged to the 

sewer by gravity draining. 

3.2 PPE and Incidental Trash 

All PPE wastes and incidental trash materials (e.g., wrapping or packing materials from supply cartons, 

waste paper) will be decontaminated (if contaminated), double bagged, securely tied shut, and placed in 

a designated waste receptacle at NSWC Crane. 
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GENERAL FIELD North W i d  SAMPLING GUIDELINES 
Remediation Sewices, LL C 

SOP#: 2001 
DATE: 08/ 1 1 /94 

REV. #: 0.0 

1.0 SCOPE AND APPLICATION 

The purpose of this Standard Operating Procedure 
(SOP) is to provide general field sampling guidelines 
that will assist NWRS personnel in choosing sampling 
strategies, location, and frequency for proper 
assessment of site characteristics. This SOP is 
applicable to all field activities that involve sampling. 

These are standard (i.e., typically applicable) 
operating procedures which may be varied or changed 
as required, dependent on site conditions, equipment 
limitations or limitations imposed by the procedure. In 
all instances, the ultimate procedures employed should 
be documented and associated with the final report. 

Mention of trade names or commercial products does 
not constitute U.S. EPA endorsement or 
recommendation for use. 

2.0 METHOD SUMMARY 

Sampling is the selection of a representative portion of 
a larger population, universe, or body. Through 
examination of a sample, the characteristics of the 
larger body from which the sample was drawn can be 
inferred. In this manner, sampling can be a valuable 
tool for determining the presence, type, and extent of 
contamination by hazardous substances in the 
environment. 

The primary objective of a11 sampling activities is to 
characterize a hazardous waste site accurately so that 
its impact on human health and the environment can 
be properly evaluated. It is only through sampling and 
analysis that site hazards can be measured and the job 
of cleanup and restoration can be accomplished 
effectively with minimal risk. The sampling itself 
must be conducted so that every sample collected 
retains its original physical form and chemical 
composition. In this way, sample integrity is insured, 
quality assurance standards are maintained, and the 
sample can accurately represent the larger body of 

material under investigation. 

The extent to which valid inferences can be drawn 
from a sample depends on the degree to which the 
sampling effort conforms to the project's objectives. 
For example, as few as one sample may produce 
adequate, technically valid data to address the 
project's objectives. Meeting the project's objectives 
requires thorough planning of sampling activities, and 
implementation of the most appropriate sampling and 
analybcal procedures. These issues will be discussed 
in this procedure. 

3.0 SAMPLE PRESERVATION, 
CONTAINERS, HANDLING, 
AND STORAGE 

The amount of sample to be collected, and the proper 
sample container type (i.e., glass, plastic), chemical 
preservation, and storage requirements are dependent 
on the matrix being sampled and the parameter(s) of 
interest. Sample preservation, containers, handling, 
and storage for air and waste samples are discussed in 
the specific SOPS for air and waste sampling 
techniques. 

4.0 INTERFERENCES A N D  
POTENTIAL PROBLEMS 

The nature of the object or materials being sampled 
may be a potential problem to the sampler. If a 
material is homogeneous, it will generally have a 
uniform composition throughout. In this case, any 
sample increment can be considered representative of 
the material. On the other hand, heterogeneous 
samples present problems to the sampler because of 
changes in the material over distance, both laterally 
and vertically. 

Samples of hazardous materials may pose a safety 
threat to both field and laboratory personnel. Proper 
health and safety precautions should be implemented 
when handling this type of sample. 



Environmental conditions, weather conditions, or 
non-target chemicals may cause problems andlor 
interferences when performing sampling activities or 
when sampling for a specific parameter. Refer to the 
specific SOPs for sampling techniques. 

5.0 EQUIPMENTIAPPARATUS 

The equipmendapparatus required to collect samples 
must be determined on a site specific basis. Due to the 
wide variety of sampling equipment available, refer to 
the specific SOPs for sampling techniques which 
include lists of the equipmentlapparatus required for 
sampling. 

6.0 REAGENTS 

Reagents may be utilized for preservation of samples 
and for decontamination of sampling equipment. The 
preservatives required are specified by the analysis to 
be performed. Decontamination solutions are 
specified in NWRS SOP #2006, Sampling Equipment 
Decontamination. 

7.0 PROCEDURE 

7.1 Types of Samples 

In relation to the media to be sampled, two basic types 
of samples can be considered: the environmental 
sample and the hazardous sample. 

Environmental samples are those collected from 
streams, ponds, lakes, wells, and are off-site samples 
that are not expected to be contaminated with 
hazardous materials. They usually do not require the 
special handling procedures typically used for 
concentrated wastes. However, in certain instances, 
environmental samples can contain elevated 
concentrations of pollutants and in such cases would 
have to be handled as hazardous samples. 

Hazardous or concentrated samples are those collected 
from drums, tanks, lagoons, pits, waste piles, fresh 
spills, or areas previously identified as contaminated, 
and require special handling procedures because of 
their potential toxicity or hazard. These samples can 
be h t h e r  subdivided based on their degree of hazard; 
however, care should be taken when handling and 
shipping any wastes believed to be concentrated 
regardless of the degree. 

The importance of making the distinction between 
environmental and hazardous samples is two-fold: 

(1) Personnel safety requirements: Any sample 
thought to contain enough hazardous 
materials to pose a safety threat should be 
designated as  hazardous and handled in a 
manner which ensures the safety of both field 
and la'boratory personnel. 

(2) Transportation requirements: Hazardous 
samples must be packaged, labeled, and 
shipped according to the International Air 
Transport Association (IATA) Dangerous 
Goods Regulations or Department of 
Transportation (DOT) regulations and U.S. 
EPA guidelines. 

7.2 Sample Collection Techniques 

In general, two basic types of sample collection 
techniques are recognized, both of  which can be used 
for either environmental or hazardous samples. 

Grab Samples 

A grab sample is defined as  a discrete aliquot 
representative of a specific location at a given point in 
time. ' The sample is collected all at once at one 
particular point in the sample medium. The 
representativeness of  such samples is defined by the 
nature of the materials being sampled. In general, as  
sources vary over time and distance, the 
representativeness of  grab samples will decrease. 

Composite Samples 

Composites are nondiscrete samples composed of 
more than one specific aliquot collected at various 
sampling locations andlor different points in time. 
Analysis of  this type of sample produces an average 
value and can in certain instances be used as an 
alternative to analyzing a number of individual grab 
samples and calculating an average value. It should 
be noted, however, that compositing can mask 
problems by diluting isolated concentrations of some 
hazardous compounds below detection limits. 

Compositing is often used for environmental samples 
and may be used for hazardous samples under certain 
conditions. For example, compositing of hazardous 
waste is often performed after compatibility tests have 



been completed to determine an average value over a 
number of different locations (group of drums). This 
procedure generates data that can be useful by 
providing an average concentration within a number 
of units, can serve to keep analytical costs down, and 
can provide information useful to transporters and 
waste disposal operations. 

For sampling situations involving hazardous wastes, 
grab sampling techniques are generally preferred 
because grab sampling minimizes the amount of  time 
sampling personnel must be in contact with the 
wastes, reduces risks associated with compositing 
unknowns, and eliminates chemical changes that 
might occur due to compositing. 

7.3 Types of Sampling Strategies 

The number of samples that should be collected and 
analyzed depends on the objective of the investigation. 
There are three basic sampling strategies: random, 
systematic, and judgmental sampling. 

Random sampling involves collection of samples in a 
nonsystematic fashion from the entire site or a specific 
portion of a site. Systematic sampling involves 
collection of samples based on a grid or a pattern 
which has been previously established. When 
judgmental sampling is performed, samples are 
collected only from the portion(s) of the site most 
likely to be contaminated. Often, a combination of 
these strategies is the best approach depending on the 
type of the suspectedlknown contamination, the 
uniformity and size of  the site, the levelltype of  
information desired, etc. 

7.4 QA Work Plans (QAWP) 

A QAWP is required when it becomes evident that a 
field investigation is necessary. It should be initiated 
in conjunction with, or immediately following, 
notification of the field investigation. This plan should 
be clear and concise and should detail the following 
basic components, with regard to sampling activities: 

C Objective and purpose of the investigation. 
C Basis upon which data will be evaluated. 
C Information known about the site including 

location, type and size of the facility, and 
length of operationslabandonment. 

C Type and volume of contaminated material, 
contaminants of concern (including 

concentration), and basis of the 
informationldata. 

C Technical approach including medialmatrix 
to be sampled, sampling equipment to be 
used, sample equipment decontamination (if 
necessary), sampling design and rationale, 
and SOPS or description of the procedure to 
be implemented. 

C Project management and reporting, schedule, 
project organization and responsibilities, 
manpower and cost projections, and required 
deliverables. 

C QA objectives and protocols including tables 
summarizing field sampling and QAIQC 
analysis and objectives. 

Note that this list of  QAWP components is not all- 
inclusive and that additional elements may be added 
or altered depending on the specific requirements of 
the field investigation. It should also be recognized 
that although a detailed QAWP is quite important, it 
may be impractical in some instances. Emergency 
responses and accidental spills are prime examples of 
such instances where time might prohibit the 
development of site-specific QAWPs prior to field 
activities. In such cases, investigators would have to 
rely on general guidelines and personal judgment, and 
the sampling or response plans might simply be a 
strategy based on preliminary information and 
finalized on site. In any event, a plan of action should 
be developed, no matter how concise or informal, to 
aid investigators in maintaining a Logical and 
consistent order to the implementation of their task. 

7.5 Legal Implications 

The data derived from sampling activities are often 
introduced as critical evidence during litigation of a 
hazardous waste site cleanup. Legal issues in which 
sampling data are important may include cleanup cost 
recovery, identification of pollution sources and 
responsible parties, and technical validation of 
remedial design methodologies. Because of the 
potential for involvement in legal actions, strict 
adherence to technical and administrative SOPS is 
essential during both the development and 
implementation of  sampling activities. 

Technically valid sampling begins with thorough 
planning and continues through the sample collection 
and analytical procedures. Administrative 
requirements involve thorough, accurate 



documentation of all sampling activities. 
Documentation requirements include maintenance of 
a chain of custody, as well as accurate records of  field 
activities and analytical instructions. Failure to 
observe these procedures fully and consistently may 
result in data that are questionable, invalid and 
non-defensible in court, and the consequent loss of 
enforcement proceedings. 

8.0 CALCULATIONS 

Refer to the specific SOPs for any calculations which 
are associated with sampling techniques. 

9.0 QUALITY ASSURANCE1 
QUALITY CONTROL 

Refer to the specific SOPs for the type and frequency 
of QA/QC samples to be analyzed, the acceptance 
criteria for the QAIQC samples, and any other QA/QC 
activities which are associated with sampling 
techniques. 

10.0 DATA VALIDATION 

Refer to the specific SOPs for data validation 
activities that are associated with sampling 
techniques. 

11.0 HEALTH AND SAFETY 

When working with potentially hazardous materials, 
follow U.S. EPA, OSHA, and corporate health and 
safety procedures. 



North Wind 1 SAMPLING EQUIPMENT 
DECONTAMINATION 

Remediation Services. LLC 

SOP#: 2006 
DATE: 0811 1/94 

REV. #: 0.0 

1.0 SCOPE AND APPLICATION 

The purpose of this Standard Operating Procedure 
(SOP) is to provide a description of the methods used 
for preventing, minimizing, or limiting 
cross-contamination of samples due to inappropriate 
or inadequate equipment decontamination and t o  
provide general. guidelines for developing 
decontamination procedures for sampling equipment 
to be used during hazardous waste operations as per 
29 Code of Federal Regulations (CFR) 1910.120. 
This SOP does not address personnel 
decontamination. 

These are standard (i.e. typically applicable) operating 
procedures which may be varied or changed as  
required, dependent upon site conditions, equipment 
limitation, or limitations imposed by the procedure. 
In all instances, the ultimate procedure's employed 
should be documented and associated with the final 
report. 

Mention of trade names or commercial products does 
not constitute U.S. Environmental Protection Agency 
(U.S. EPA) endorsement or recommendation for use. 

2.0 METHOD SUMMARY 

Removing or neutralizing contaminants from 
equipment minimizes the likelihood of sample cross 
contamination, reduces or eliminates transfer of  
contaminants to clean areas, and prevents the mixing 
of incompatible substances. 

Gross contamination can be removed by physical 
decontamination procedures. These abrasive and 
non-abrasive methods include the use of brushes, air 
and wet blasting, and high and low pressure water 
cleaning. 

The first step, a soap and water wash,. removes all 
visible particulate matter and residual oils and grease. 
This may be preceded by a steam or high pressure 

water wash to facilitate residuals removal. The 
second step involves a tap water rinse and a 
distilledldeionized water rinse to remove the 
detergent. An acid rinse provides a low pH media for 
trace metals removal and is included in the 
decontamination process if metal samples are to be 
collected. It is followed by another distilleddeionized 
water rinse. If sample analysis does not include 
metals, the acid rinse step can be omitted. Next, a 
high purity solvent rinse is performed for trace 
organics removal if organics are a concern at the site. 
Typical solvents used for removal of organic 
contaminants include acetone, hexane, or water. 
Acetone is typically chosen because it is an excellent 
solvent, miscible in water, and not a target analyte on 
the Priority Pollutant List. If acetone is known to be 
a contaminant of concern at a given site or if Targe t 
Compound List analysis (which includes acetone) is 
to be performed, another solvent may be substituted. 
The solvent must be allowed to evaporate completely 
and then a final distilleddeionized water rinse i s  
performed. This rinse removes any residual traces of 
the solvent. 

The decontamination procedure described above may 
be summarized as follows: 

Physical removal 
Non-phosphate detergent wash 
Tap water rinse 
Distilledldeionized water rinse 
10% nitric acid rinse 
Distilleddeionized water rinse 
Solvent rinse (pesticide grade) 
Air dry 
Distilledldeionized water rinse 

If a particular contaminant fraction is not present at  
the site, the nine (9) step decontamination procedure 
specified above may be modified for site specificity. 
For example, the nitric acid rinse may be eliminated 
if metals are not of concern at a site. Similarly, the 
solvent rinse may be eliminated if organics are not of 



concern at a site. Modifications to the standard 
procedure should be documented in the site specific 
work plan or subsequent report. 

3.0 SAMPLE PRESERVATION, 
CONTAINERS, HANDLING, 
AND STORAGE 

The amount of sample to be collected and the proper 
sample container type (i.e., glass, plastic), chemical 
preservation, and storage requirements are dependent 
on the matrix being sampled and the parameter(s) o f  
interest. 
More specifically, sample collection and analysis o f  
decontamination waste may be required before 
beginning proper disposal of decontamination liquids 
and solids generated at a site. This should be 
determined prior to initiation of site activities. 

4.0 I N T E R F E R E N C E S  A N D  
POTENTIAL PROBLEMS 

C The use of distilledldeionized water 
commonly available from commercial 
vendors may be acceptable for 
decontamination of sampling equipment 
provided that it has been verified by 
laboratory analysis to be analyte free 
(specifically for the contaminants of  
concern). 

C The use of an untreated potable water supply 
is not an acceptable substitute for tap water. 
Tap water may be used from any municipal 
or industrial water treatment system. 

C If acids or solvents are utilized in 
decontamination they raise health and safety, 
and waste disposal concerns. 

C Damage can be incurred by acid and solvent 
washing of complex and sophisticated 
sampling equipment. 

5.0 EQUIPMENTIAPPARATUS 

Decontamination equipment, materials, and supplies 
are generally selected based on availability. Other 
considerations include the ease of decontaminating or 
disposing of the equipment. Most equipment and 
supplies can be easily procured. For example, soft- 

bristle scrub brushes or long-handled bottle brushes 
can be used to remove contaminants. Large 
galvanized wash tubs, stock tanks, or buckets can hold 
wash and rinse solutions. Children's wading pools can 
also be used. Large plastic garbage cans or other 
similar containers lined with plastic bags can help 
segregate contaminated equipment. Contaminated 
liquid can be stored temporarily in metal or plastic 
cans or drums. 

The following standard materials and equipment are 
recommended for decontamination activities: 

5.1 Decontamination Solutions 

C Non-phosphate detergent 
C Selected solvents (acetone, hexane, nitric 

acid, etc.) 
C Tap water 
C Distilled or deionized water 

5.2 Decontamination ToolsISupplies 

C Long and short handled brushes 
C Bottle brushes 
C Drop cloth/plastic sheeting 
C Paper towels 
C Plastic or galvanized tubs or buckets 
C Pressurized sprayers (H,O) 
C Solvent sprayers 
C Aluminum foil 

5.3 Health and Safety Equipment 

Appropriate personal protective equipment (i.e., safety 
glasses or splash shield, appropriate gloves, aprons or 
coveralls, respirator, emergency eye wash) 

5.4 Waste Disposal 

C Trash bags 
C Trash containers 
C 55-gallon drums 
C Metallplastic buckets/containers for storage 

and disposal of decontamination solutions 

6.0 REAGENTS 

There are no reagents used in this procedure aside 
from the actual decontamination solutions. Table 1 
(Appendix A) lists solvent rinses which may be  
required for elimination of particular chemicals. In  



general, the following solvents are typically utilized 
for decontamination purposes: 

C 10% nitric acid is typically used for 
inorganic compounds such as metals. An 
acid rinse may not be required if inorganics 
are not a contaminant of concern. 

C Acetone (pesticide grade)") 
C Hexane (pesticide grade)'" 
C Methanol"' 

"' - Only if sample is to be analyzed for organics. 

7.0 PROCEDURES 

As part of the health and safety plan, a 
decontamination plan should be developed and 
reviewed. The decontamination line should be set up 
before any personnel or equipment enter the areas of 
potential exposure. The equipment decontamination 
plan should include: 

C The number, location, and layout of 
decontamination stations. 

C Decontamination equipment needed. 

C Appropriate decontamination methods. 

C Methods for disposal of contaminated 
clothing, equipment, and solutions. 

C Procedures can be established to minimize 
the potential for contamination. This may 
include: (1) work practices that minimize 
contact with potential contaminants; (2) 
using remote sampling techniques; (3)  
covering monitoring and sampling equipment 
with plastic, aluminum foil, or other 
protective material; (4) watering down dusty 
areas; (5) avoiding laying down equipment in 
areas of obvious contamination; and (6) use 
of disposable sampling equipment. 

7.1 Decontamination Methods 

All samples and equipment leaving the contaminated 
area of a site must be decontaminated to remove any 
contamination that may have adhered to equipment. 
Various decontamination methods will remove 
contaminants by: (1) flushing or other physical 
action, or (2) chemical complexing to inactivate 

contaminants by neutralization, chemical reaction, 
disinfection, or sterilization. 

Physical decontamination techniques can be grouped 
into two categories: abrasive methods and 
non-abrasive methods, as follows: 

7.1.1 Abrasive Cleaning Methods 

Abrasive cleaning methods work by rubbing and 
wearing away the top layer of the surface containing 
the contaminant. The mechanical abrasive cleaning 
methods are most commonly used at hazardous waste 
sites. The following abrasive methods are available: 

Mechanical 

Mechanical methods of decontamination include using 
metal or nylon brushes. The amount and type of  
contaminants removed will vary with the hardness of 
bristles, length of time brushed, degree of brush 
contact, degree of contamination, nature of the surface 
being cleaned, and degree of contaminant adherence 
to the surface. 

Air Blasting 

Air blasting equipment uses compressed air to force 
abrasive material through a nozzle at high velocities. 
The distance between nozzle and surface cleaned, air 
pressure, time of application, and angle at which the 
abrasive strikes the surface will dictate cleaning 
efficiency. Disadvantages of this method are the 
inability to control the amount of material removed 
and the large amount of waste generated. 

Wet Blasting 

Wet blast cleaning involves use of a suspended fine 
abrasive. The abrasivelwater mixture is delivered by 
compressed air to the contaminated area. By using a 
very fine abrasive, the amount of materials removed 
can be carefully controlled. 

7.1.2 Non-Abrasive Cleaning Methods 

Non-abrasive cleaning methods work by forcing the 
contaminant off a surface with pressure. In general, 
the equipment surface is not removed using 
non-abrasive methods. 



Low-Pressure Water 7.2 Field Sampling Equipment 
Decontamination Procedures 

This method consists of a container which is filled 
with water. The user pumps air out of the container to 
create a vacuum. A slender nozzle and hose allow the 
user to spray in hard-to-reach places. 

High-Pressure Water 

This method consists of a high-pressure pump, an 
operator controlled directional nozzle, and a high- 
pressure hose. Operating pressure usually ranges 
from 340 to 680 atmospheres (atm) and flow rates 
usually range from 20 to 140 liters' per minute. 

Ultra-High-pressure Water 

This system produces a water jet that is pressured 
from 1,000 to 4,000 atmospheres. This 
ultra-high-pressure spray can remove tightly-adhered 
surface films. The water velocity ranges from 500 
meterslsecond (mls) (1,000 atm) to 900 mls (4,000 
atm). Additives can be used to enhance the cleaning 
action. 

Rinsing 

Contaminants are removed by rinsing through 
dilution, physical attraction, and solubilization. 

Damr, Cloth Removal 

In some instances, due to sensitive, non-waterproof 
equipment or due to the unlikelihood of equipment 
being contaminated, it is not necessary to conduct an 
extensive decontamination procedure. For example, 
air sampling pumps hooked on a fence, placed on a 
drum, or wrapped in plastic bags are not likely to 
become heavily contaminated. A damp cloth should 
be used to wipe off contaminants which may have 
adhered to equipment through airborne contaminants 
or from surfaces upon which the equipment was set. 

The decontamination line is setup so that the first 
station is used to clean the most contaminated item. 
It progresses to the last station where the least 
contaminated item is cleaned. The spread of  
contaminants is further reduced by separating each 
decontamination station by a minimum of three (3) 
feet. Ideally, the contamination should decrease as the 
equipment progresses from one station to another 
farther along in the line. 

A site is typically divided up into the following 
boundaries: Hot Zone or Exclusion Zone (EZ), the 
Contamination Reduction Zone (CRZ), and the 
Support or Safe Zone (SZ). The decontamination line 
should be setup in the Contamination Reduction 
Corridor (CRC) which is in the CRZ. Figure 1 
(Appendix B) shows a typical contaminant reduction 
zone layout. The CRC controls access into and out of 
the exclusion zone and confines decontamination 
activities to a limited area. The CRC boundaries 
should be conspicuously marked. The far end is the 
hotline, the boundary between the exclusion zone and 
the contamination reduction zone. The size of the 
decontamination corridor depends on the number of  
stations in the decontamination process, overall 
dimensions of the work zones, and.amount of space 
available at the site. Whenever possible, it should be 
a straight line. 

Anyone in the CRC should be wearing the level o f  
protection designated for the decontamination crew. 
Another corridor may be required for the entry and 
exit of heavy equipment. Sampling and monitoring 
equipment and sampling supplies are all maintained 
outside of the CRC. Personnel don their equipment 
away from the CRC and enter the exclusion zone 
through a separate access control point at the hotline. 
One person (or more) dedicated to decontaminating 
equipment is recommended. 

7.2.1 Decontamination Setup 

Disinfectants are a practical means of inactivating 
infectious agents. Unfortunately, standard Starting with the most contaminated station, the 

sterilization methods are impractical for large decontamination setup should be as follows: 

equipment. This method of decontamination is  
typically performed off-site. Station 1 : Segregate Eauivment Drop 

Place plastic sheeting on the ground (Figure 2, 
Appendix B). Size will depend on amount o f  



equipment to be decontaminated. Provide containers 
lined with plastic if equipment is to be segregated. 
Segregation may be required if sensitive equipment or 
mildly contaminated equipment is used at the same 
time as equipment which is likely to be heavily 
contaminated. 

Station 2: Phvsical Removal With A High-pressure 
Washer (Ovtionall 

As  indicated in 7.1.2, a high-pressure wash may be 
required for compounds which are difficult to remove 
by washing with brushes. The elevated temperature of 
the water from the high-pressure washers is excellent 
at removing greasyloily compounds. High pressure 
washers require water and electricity. 

A decontamination pad may be required for the high- 
pressure wash area. An example of a wash pad may 
consist of an approximately 1 112 foot-deep basin 
lined with plastic sheeting and sloped to a sump at one 
comer. A layer of sand can be placed over the plastic 
and the basin is filled with gravel or shell. The sump 
is also lined with visqueen and a barrel is placed in the 
hole to prevent collapse. A sump pump is used to 
remove the water from the sump for transfer into a 
drum. 

Typically heavy machinery is decontaminated at the 
end of the day unless site sampling requires that the 
machinery be decontaminated frequently. A separate 
decontamination pad may be required for heavy 
equipment. 

Station 3 :  Phvsical Removal With Brushes And A 
Wash Basin 

Prior to setting up Station 3 ,  place plastic sheeting on 
the ground to cover areas under Station 3 through 
Station 10. 
Fill a wash basin, a large bucket, or child's swimming 
pool with non-phosphate detergent and tap water. 
Several bottle and bristle brushes to physically remove 
contamination should be dedicated to this station . 
Approximately 10 - 50 gallons of water may be 
required initially depending upon the amount o f  
equipment to decontaminate and the amount of gross 
contamination. 

Station 4: Water Basin 

pool with tap water. Several bottle and bristle brushes 
should be dedicated to this station. Approximately 
10-50 gallons of water may be required initially 
depending upon the amount of equipment to 
decontaminate and the amount of gross contamination. 

Station 5 : Low-Pressure Spravers 

Fill a low-pressure sprayer with distilleddeionized 
water. Provide a 5-gallon bucket or basin to contain 
the water during the rinsing process. Approximately 
10-20 gallons of water may be required initially 
depending upon the amount of equipment to 
decontaminate and the amount of gross contamination. 

Station 6: Nitric Acid Svravers 

Fill a spray bottle with 10% nitric acid. An acid rinse 
may not be required if inorganics are not a 
contaminant of concem. The amount of acid will 
depend on the amount of equipment to be 
decontaminated. Provide a 5-gallon bucket or basin to 
collect acid during the rinsing process. 

Station 7: Low-Pressure Spravers 

Fill a low-pressure sprayer with distilledldeionized 
water. Provide a 5-gallon bucket or basin to collect 
water during the rinsate process. 

Station 8: Organic Solvent Spravers 

Fill a spray bottle with an organic solvent. After each 
solvent rinse, the equipment should be rinsed with 
distilleddeionized water and air dried. Amount o f  
solvent will depend on the amount of equipment t o  
decontaminate. Provide a 5-gallon bucket or basin to 
collect the solvent during the rinsing process. 

Solvent rinses may not be required unless organics are 
a contaminant of concem, and may be eliminated from 
the station sequence. 

Station 9: Low-Pressure Svravers 

Fill a low-pressure sprayer with distilleddeionized 
water. Provide a 5-gallon bucket or basin to collect 
water during the rinsate process. 

Station 10: Clean Equipment Drop 

Fill a wash basin, a large bucket, or child's swimming Lay a clean piece of plastic sheeting over the bottom 

5 



plastic layer. This will allow easy removal of the 
plastic in the event that it becomes dirty. Provide 
aluminum foil, plastic, or other protective material to 
wrap clean equipment. 

Using a spray bottle rinse sampling equipment with 
nitric acid. Begin spraying (inside and outside) at one 
end of the equipment allowing the acid to drip to the 
other end into a 5-gallon bucket. A rinsate blank may 
be required at this station. Refer to Section 9. 

7.2.2 Decontamination Procedures 
Station 7: Low-Pressure Suravers 

Station I : Segregate Eauiument Drop 

Deposit equipment used on-site (i.e., tools, sampling 
devices and containers, monitoring instruments radios, 
clipboards, etc.) on the plastic drop clothlsheet or in  
different containers with plastic liners. Each will be 
contaminated to a different degree. Segregation at the 
drop reduces the probability of  cross contamination. 
Loose leaf sampling data sheets or maps can be placed 
in plastic zip lock bags if contamination is evident. 

Station 2: Phvsical Removal With A High-pressure 
Washer (Outionall 

Use high pressure wash on grossly contaminated 
equipment. Do not use high- pressure wash on 
sensitive or non-waterproof equipment. 

Station 3 :  Phvsical Removal With Brushes And A 
Wash Basin 

Scrub equipment with soap and water using bottle and 
bristle brushes. Only sensitive equipment (i.e., radios, 
air monitoring and sampling equipment) which i s  
waterproof should be washed. Equipment which is 
not waterproof should have plastic bags removed and 
wiped down with a damp cloth. Acids and organic 
rinses may also ruin sensitive equipment. Consult the 
manufacturers for recommended decontamination 
solutions. 

Station 4: Eauiument Rinse 

Wash soap off of equipment with water by immersing 
the equipment in the water while brushing. Repeat as 
many times as necessary. 

Station 5: Low-Pressure Rinse 

Rinse sampling equipment with distilledldeionized 
water with a low-pressure sprayer. 

Station 6: Nitric Acid Suravers ( reauired only i f  
metals are a contaminant of concern1 

Rinse sampling equipment with distilledldeionized 
water with a low-pressure sprayer. 

Station 8: Organic Solvent S ~ r a v e r s  

Rinse sampling equipment with a solvent. Begin 
spraying (inside and outside) at one end of  the 
equipment allowing the solvent to drip to the other 
end into a 5-gallon bucket. Allow the solvent t o  
evaporate from the equipment before going to the next 
station. A QC rinsate sample may be required at this 
station. 

Station 9: Low-Pressure Suravers 

Rinse sampling equipment with distilledldeionized 
water with a low-pressure washer. 

Station 10 : Clean Equipment Drou 

Lay clean equipment on plastic sheeting. Once air  
dried, wrap sampling equipment with aluminum foil, 
plastic, or other protective material. 

7.2.3 Post Decontamination Procedures 

1. Collect high-pressure pad and heavy 
equipment decontamination area liquid and 
waste and store in appropriate drum o r  
container. A sump pump can aid in the 
collection process. Refer to the Department 
of Transportation (DOT) requirements for  
appropriate containers based on the 
contaminant of concern. 

2. Collect high-pressure pad and heavy 
equipment decontamination area solid waste 
and store in appropriate drum or container. 
Refer to the DOT requirements for  
appropriate containers based on the 
contaminant of  concern. 

3 .  Empty soap and water liquid wastes from 
basins and buckets and store in appropriate 



drum or container. Refer to the DOT 
requirements for appropriate containers 
based on the contaminant of concern. 

4. Empty acid rinse waste and place in  
appropriate container or neutralize with a 
base and place in appropriate drum. p H  
paper or an equivalent pH test is required for 
neutralization. Consult DOT requirements 
for appropriate drum for acid rinse waste. 

5. Empty solvent rinse sprayer and solvent 
waste into an appropriate container. Consult 
DOT requirements for appropriate drum for 
solvent rinse waste. 

6. Using low-pressure sprayers, rinse basins, 
and brushes. Place liquid generated from 
this process into the wash water rinse 
container. 

7. Empty low-pressure sprayer water onto the 
ground. 

8. Place all. solid waste materials generated 
from the decontamination area (i.e., gloves 
and plastic sheeting, etc.) in an approved 
DOT drum. Refer to the DOT requirements 
for appropriate containers based on the 
contaminant of concern. 

9. Write appropriate labels for waste and make 
arrangements for disposal. Consult DOT 
regulations for the appropriate label for each 
drum generated from the decontamination 
process. 

8.0 CALCULATIONS 

This section is not applicable to this SOP 

9.0 QUALITYASSURANCEI 
QUALITY CONTROL 

A rinsate blank is one specific type of quality control 
sample associated with the field decontamination , 
process. This sample will provide information on the 
effectiveness, of the decontamination process 
employed in the field. 

Rinsate blanks are samples obtained by running 
analyte free water over decontaminated sampling 

equipment to test for residual contamination. The 
blank water is collected in sample containers for 
handling, shipment, and analysis. These samples are 
treated identical to samples collected that day. A 
rinsate blank is used to assess cross contamination 
brought about by improper decontamination 
procedures. Where dedicated sampling equipment is 
not utilized, collect one rinsate blank per day per type 
of sampling device samples to meet QA2 and Q A 3  
objectives. 

I f  sampling equipment requires the use of plastic 
tubing it should be disposed of as contaminated and  
replaced with clean tubing before additional sampling 
occurs. 

10.0 DATA VALIDATION 

Results of  quality control samples will be evaluated 
for contamination. This information will be utilized 
to  qualify the environmental sample results i n  
accordance with the project's data quality objectives. 

11.0 HEALTH AND SAFETY 

When working with potentially hazardous materials, 
follow OSHA, U.S. EPA, corporate, and other 
applicable health and safety procedures. 

Decontamination can pose hazards under certain 
circumstances. Hazardous substances may b e  
incompatible with decontamination materials. For  
example, the decontamination solution may react with 
contaminants to produce heat, explosion, or toxic 
products. Also, vapors from decontam~nation 
solutions may pose a direct health hazard to workers 
by inhalation, contact, fire, or explosion. 

The decontamination solutions must be determined to 
be acceptable before use. Decontamination materials 
may degrade protective clothing or equipment; some 
solvents can permeate protective clothing. I f  
decontamination materials do pose a health hazard, 
measures should be taken to protect personnel o r  
substitutions should be made to eliminate the hazard. 
The choice of respiratory protection based o n  
contaminants of concern from the site may not be  
appropriate for solvents used in the decontamination 
process. 

Safety considerations should be addressed when using 
abrasive and non-abrasive decontamination 



equipment. Maximum air pressure produced by 
abrasive equipment could cause physical injury. 
Displaced material requires control mechanisms. 

Material generated from decontamination activities 
requires proper handling, storage, and disposal. 
Personal Protective Equipment may be required for 
these activities. 

Material safety data sheets are required for all 
decontamination solvents or solutions as required by 
the Hazard Communication Standard (i.e., acetone, 
alcohol, and trisodiumphosphate). 

In some jurisdictions, phosphate containing detergents 
(i.e., TSP) are banned. 
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APPENDIX A 

Table 

Table 1. Soluble Contaminants and Recommended Solvent Rinse 

( I )  - Material safety data sheets are required for all decontamination solvents or solutions as required 
by the Hazard Communication Standard 

TABLE l 
Soluble Contaminants and Recommended Solvent Rinse 

( )  - WARNING: Some organic solvents can permeate andlor degrade the protective clothing 

SOLUBLE 
CONTAMINANTS 

Low-chain hydrocarbons 
Inorganic compounds 
Salts 
Some organic acids and other polar 
compounds 

Basic (caustic) compounds (e.g., amines 
and hydrazines) 

Acidic compounds 
Phenol 
Thiols 
Some nitro and sulfonic compounds 

Nonpolar compounds (e.g., some 
organic compounds) 

PCBs 

SOLVENT") 

Water 

Dilute Acids 

Dilute Bases 

Organic Solvents (*) 

Organic S ~ l v e n t ' ~ )  

EXAMPLES OF 
SOLVENTS 

Deionized water 
Tap water 

Nitric acid 
Acetic acid 
Boric acid 

Sodium bicarbonate (e.g., 
soap detergent) 

Alcohols 
Ethers 
Ketones 
Aromatics 
Straight chain alkalines 

(e.g., 
hexane) 
Common petroleum 

products (e.g., fuel, oil, 
kerosene) 

Hexane 
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Figure I .  Contamination Reduction Zone Layout 
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Figures 

Figure 2. Decontamination Layout 
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1.0 SCOPE AND APPLICATION 

The purpose of this standard operating procedure 
(SOP) is to provide technical guidance on 
implementing safe and cost-effective response actions 
at hazardous waste sites containing drums with 
unknown contents. Container contents are sampled 
and characterized for disposal, bulking, recycling, 
segregation, and classification purposes. 

These are standard (i.e., typically applicable) 
operating procedures which may be varied or changed 
as required, dependent on site conditions, equipment 
limitations or limitations imposed by the procedure. 
In all instances, the ultimate procedures employed 
should be documented and associated with the final 
report. 

Mention of trade names or commercial products does 
not constitute U.S. Environmental Protection Agency 
(U.S. EPA) endorsement or recommendation for use. 

2.0 METHOD SUMMARY 

Prior to sampling, drums must be excavated, (if 
necessary), inspected, staged, and opened. Drum 
excavation must be performed by qualified personnel. 
Inspection involves the observation and recording of 
visual qualities of each drum and any characteristics 
pertinent to the classification of the drum's contents. 
Staging involves the physical grouping of drums 
according to classifications established during the 
physical inspection. Opening of closed drums can be 
performed manually or remotely. Remote drum 
opening is recommended for worker safety. The most 
widely used method of sampling a drum involves the 
use of a glass thief. This method is quick, simple, 
relatively inexpensive, and requires no 
decontamination. The contents of a drum can be 
firher characterized by perfo~ming various field tests. 

3.0 SAMPLE PRESERVATION, 
CONTAINERS, HANDLING, 
AND STORAGE 

Samples collected from drums are considered waste 
samples and as such, adding preservatives is not 
required due to the potential reaction of the sample 
with the preservative. Samples should, however, be 
cooled to 4°C and protected from sunlight in order to 
minimize any potential reaction due to the light 
sensitivity of the sample. 

Sample bottles for collection of waste liquids, sludges, 
or solids are typically wide mouth amber jars with 
Teflon-lined screw caps. Actual volume required for 
analysis should be determined in conjunction with the 
laboratory performing the analysis. 

Waste sample handling procedures should be as 
follows: 

1. Label the sample container with the 
appropriate sample label and complete the 
appropriate field data sheet(s). Place sample 
container into two resealable plastic bags. 

2.  Place each bagged sample container into a 
shipping container which has been lined with 
plastic. Pack the container with enough non- 
combustible, absorbent, cushioning material 
to minimize the possibility of containers 
breaking, and to absorb any material which 
may leak. 

Note: Depending on the nature and quantity 
of the material to be shipped, different 
packaging may be required. The 
transportation company or a 
shippinglreceiving expert should be 
consulted prior to packing the samples. 

3. Complete a chain of custody record for each 
shipping container, place into a resealable 



plastic bag, and affix to the inside lid of the 
shipping container. 

4. Secure and custody seal the lid of the 
shipping container. Label the shipping 
container appropriately and arrange for the 
appropriate transportation mode consistent 
with the type of hazardous waste involved. 

4.0 I N T E R F E R E N C E S  A N D  
POTENTIAL PROBLEMS 

If buried drums are suspected, geophysical 
investigation techniques such as magnetometry or 
ground penetrating radar may be employed in an 
attempt to determine the location and depth of  drums. 
During excavation, the soil must be removed with 
great caution to minimize the potential for drum 
rupture. 

Until the contents are characterized, sampling 
personnel should assume that unlabelled drums 
contain hazardous materials. Labelled drums are 
frequently mislabelled, especially drums that are 
reused. Because a drum's label may not accurately 
describe its contents, extreme caution must be 
exercised when working with or around drums. 

If a drum which contains a liquid cannot be moved 
without rupture, its contents may be immediately 
transferred to a sound drum using an appropriate 
method of transfer based on the type of  waste. In any 
case, preparations should be made to contain the spill 
(i.e., spill pads, dike, etc.) should one occur. 

If a drum is leaking, open, or deteriorated, then it must 
be placed immediately in overpack containers. 

The practice of tapping drums to determine their 
contents is neither safe nor effective and should not be 
used if the drums are visually overpressurized or if 
shock-sensitive materials are suspected. A laser 
thermometer may be effective in order to determine 
the level of the drum contents via surface temperature 
differences. 

Drums that have been overpressurized to the extent 
that the head is swollen several inches above the level 
of the chime should not be moved. A number of  
devices have been developed for venting critically 
swollen drums. One method that has proven to be 
effective is a tube and spear device. A light aluminum 

tube (3 meters long) is positioned at the vapor space 
of the drum. A rigid, hooking device attached to the 
tube, goes over the chime and holds the tube securely 
in place. The spear is inserted in the tube and 
positioned against the drum wall. A sharp blow on 
the end of  the spear drives the sharpened tip through 
the drum and the gas vents along the grooves. 
Venting should be done from behind a wall or 
barricade. Once the pressure has been relieved, the 
bung can be removed and the drum sampled. 

Because there is potential for accidents to occur 
during handling, particularly initial handling, drums 
should only be handled if necessary. All personnel 
should be warned of the hazards prior to handling 
drums. Overpack drums and an adequate volume of 
absorbent material should be kept near areas where 
minor spills may occur. Where major spills may 
occur, a containment berm adequate to contain the 
entire volume of  liquid in the drums should be 
constructed before any handling takes place. If drum 
contents spill, personnel trained in spill response 
should be used to isolate and contain the spill. 

The following are standard materials and equipment 
required for sampling: 

Personal protection equipment 
Wide-mouth amber glass jars with Teflon 
cap liner, approximately 500 mL volume 
Other appropriate sample jars 
Uniquely numbered sample identification 
labels with corresponding data sheets 
D r u f l a n k  Sampling Data Sheets and Field 
Test Data Sheets for DrumITank Sampling 
Chain of  Custody records 
Decontamination materials 
Glass thieving tubes or COLIWASA 
Coring device 
Stainless steel spatula or spoons 
Laser thermometer 
Drum overpacks 
Absorbent material for spills 
Drum opening devices 

Bung Wrench 

A common method for opening drums 
manually is using a universal bung wrench. 
These wrenches have fittings made to 



remove nearly all commonly encountered 
bungs. They are usually constructed of  a 
non-sparking metal alloy (i.e., brass, 
bronze/manganese, aluminum, etc.) 
formulated to reduce the likelihood of  sparks. 
The use of a "NON-SPARKING" wrench 
does not completely eliminate the possibility 
of a spark being produced. 

Drum Deheader 

One means by which a drum can be opened 
manually when a bung is not removable with 
a bung wrench is by using a drum deheader. 
This tool is constructed of  forged steel with 
an alloy steel blade and is designed to cut the 
lid of a drum off or part way off by means of 
a scissors-like cutting action. A limitation of  
this device is that it can be attached only to 
closed head drums. Drums with removable 
heads must be opened by other means. 

Pneumatic Devices 

A pneumatic bung remover consists of a 
compressed air supply that is controlled by a 
two-stage regulator. A high pressure air line 
of desired length delivers compressed air to 
a pneumatic drill, which is adapted to turn 
bung fitting selected to fit the bung to be 
removed. An adjustable bracketing system 
has been designed to position and align the 
pneumatic drill over the bung. This 
bracketing system must be attached to the 
drum before the drill can be operated. Once 
the bung has been loosened, the bracketing 
system must be removed before the drum can 
be sampled. This remote bung opener does 
not permit the slow venting of  the container, 
and therefore appropriate precautions must 
be taken. It also requires the container to be 
upright and relatively level. Bungs that are 
rusted shut cannot be removed with this 
device. 

Hand Pick, Pickaxe, and Hand Spike 

6.0 REAGENTS 
These tools are usually constructed of  brass 
or a non-sparking alloy with a sharpened 
point that can penetrate the drum lid or head 
when the tool is swung. The hand picks or 
pickaxes that are most commonly used are 
commercially available; whereas, the spikes 
are generally uniquely fabricated four foot 
long poles with a pointed end. 

Backhoe Spike 

Another means used to open drums remotely 
for sampling is a metal spike attached or 
welded to a backhoe bucket. This method is 
very efficient and is often used in large-scale 
operations. 

Hydraulic Drum Opener 

Recently, remotely operated hydraulic 
devices have been fabricated to open drums. 
This device uses hydraulic pressure to force 
a non-sparking spike through the wall of a 
drum. It consists of  a manually operated 
pump which pressurizes fluid through a 
length of hydraulic line. 

Reagents are not typically required for preserving 
drum samples. However, reagents will be utilized for 
decontamination of  sampling equipment. 

7.0 PROCEDURES 

7.1 Preparation 

1. Determine the extent of the sampling effort, 
the sampling methods to be employed, and 
the types and amounts of equipment and 
supplies needed. 

2. Obtain necessary sampling and monitoring 
equipment. 

3. Decontaminate or preclean equipment, and 
ensure that it is in working order. 

4. Prepare scheduling and coordinate with staff, 
clients, and regulatory agency, if appropriate. 

5.  Perform a general site survey prior to site 
entry in accordance with the site specific 
Health and Safety Plan. 



6 .  Use stakes, flagging, or buoys to identify and 2. Symbols, words, or other markings on the 
mark all sampling locations. If required the drum indicating hazards (i.e., explosive, 
proposed locations may be adjusted based on radioactive, toxic, flammable), or further 
site access, property boundaries, and surface identifying the drums. 
obstructions. 

3. Signs that the drum is under pressure. 
7.2 Drum Excavation 

4. Shock sensitivity. 

If it is presumed that buried drums are on-site and 
prior to beginning excavation activities, geophysical 
investigation techniques should be utilized to 
approximate the location and depth of the drums. In 
addition, it is important to ensure that all locations 
where excavation will occur are clear of utility lines, 
pipes and poles (subsurface as well as above surface). 

Excavating, removing, and handling drums are 
generally accomplished with conventional heavy 
construction equipment. These activities should be 
performed by an equipment operator who has 
experience in drum excavation. During excavation 
activities, drums must be approached in a manner that 
will avoid digging directly into them. 

The soil around the drum should be excavated with 
non-sparking hand tools or other appropriate means 
and as the drums are exposed, a visual inspection 
should be made to determine the condition o f  the 
drums. Ambient air monitoring should be done to 
determine the presence of unsafe levels of  volatile 
organics, explosives, or radioactive materials. Based 
on this preliminary visual inspection, the appropriate 
mode of  drum excavation and handling may be 
determined. 

Drum identification and inventory should begin before 
excavation. Information such as location, date of 
removal, drum identification number, overpack status, 
and any other identification marks should be recorded 
on the DrumlTank Sampling Data Sheet (Attachment 
1, Appendix A). 

7.3 Drum Inspection 

Appropriate procedures for handling drums depend on 
the contents. Thus, prior to any handling, drums 
should be visually inspected to gain as much 
information as possible about their contents. The 
drums should be inspected for the following: 

1. Drum condition, corrosion, rust, punctures, 
bungs, and leaking contents. 

Monitoring should be conducted around the drums 
using instruments such as radiation meters, organic 
vapor analyzers (OVA) and combustible gas 
indicators (CGI). 

Survey results can be used to classify the drums into 
categories, for instance: 

C Radioactive 
C Leakingldeteriorating 
C Bulging 
C Lab packs 
C Explosivelshock sensitive 
C Empty 

All personnel should assume that unmarked drums 
contain hazardous materials until their contents have 
been categorized. Once a drum has been visually 
inspected and any immediate hazard has been 
eliminated by overpacking or transfemng the drum's 
contents, the drum is affixed with a numbered tag and 
transferred to a staging area. Color-coded tags, labels 
or bands should be used to identify the drum's 
category based on visual inspection. A description of 
each drum, its condition, any unusual markings, the 
location where it was buried or stored, and field 
monitoring information are recorded on a Drum/Tank 
Sampling Data Sheet (Attachment 1, Appendix A). 
This data sheet becomes the principal record keeping 
tool for tracking the drum on-site. 

7.4 Drum Staging 

Prior to sampling, the drums should be staged to allow 
easy access. Ideally, the staging area should be 
located just far enough from the drum opening area to 
prevent a chain reaction if one drum should explode or 
catch fire when opened. 

During staging, the drums should be physically 
separated into the following categories: those 
containing liquids, those containing solids, those 
containing lab packs, and those which are empty. 



This is done because the strategy for sampling and 
handling drumsicontainers in each of these categories 
will be different. This may be achieved by visual 
inspection of the drum and its labels, codes, etc. 
Solids and sludges are typically disposed of in open 
top drums. Closed head drums with a bung opening 
generally contain liquid. 

Where there is good reason to suspect that drums 
contain radioactive, explosive, or shock-sensitive 
materials, these drums should be staged in a separate, 
isolated area. Placement of explosives and shock- 
sensitive materials in diked and fenced areas will 
minimize the hazard and the adverse effects of any 
premature detonation of explosives. 

Where space allows, the drum opening area should be 
physically separated from the drum removal and drum 
staging operations. Drums are moved from the 
staging area to the drum opening area one at a time 
using forklift trucks equipped with drum grabbers or 
a barrel grappler. In a large-scale drum handling 
operation, drums may be conveyed to the drum 
opening area using a roller conveyor. Drums may be 
restaged as necessary after opening and sampling. 

7.5 Drum Opening 

There are three basic techniques available for opening 
drums at hazardous waste sites: 

C Manual opening with non-sparking bung 
wrenches 

C Drum deheading 
C Remote drum puncturing or bung removal 

The choice of drum opening techniques and 
accessories depends on the number of drums to be 
opened, their waste contents, and physical condition. 
Remote drum opening equipment should always be 
considered in order to protect worker safety. Under 
OSHA 1910.120, manual drum opening with bung 
wrenches or deheaders should be performed ONLY 
with structurally sound drums and waste contents that 
are known to be non-shock sensitive, non-reactive, 
non-explosive, and non-flammable. 

7.5.1 Manual Drum Opening with a Bung 
Wrench 

Manual drum opening with bung wrenches (Figure 1, 
Appendix B) should not be performed unless the 

drums are structurally sound (no evidence of bulging 
or deformation) and their contents are known to be 
non-shock sensitive, non-reactive, non-explosive or 
non-flammable. If opening the drum with bung 
wrenches is deemed safe, then certain procedures 
should be implemented to minimize the hazard: 

C Field personnel should be fully outfitted with 
protective gear. 

C Drums should be positioned upright with the 
bung up, or, for drums with bungs on the 
side, laid on their sides with the bung plugs 

UP. 
C The wrenching motion should be a slow, 

steady pull across the drum. If the length of 
the bung wrench handle provides inadequate 
leverage for unscrewing the plug, a "cheater 
bar" can be attached to the handle to improve 
leverage. 

7.5.2 Manual Drum Opening with a Drum 
Deheader 

Drums are opened with a drum deheader (Figure 2, 
Appendix B) by tirst positioning the cutting edge just 
inside the top chime and then tightening the 
adjustment screw so that the deheader is held against 
the side of the drum. Moving the handle of the 
deheader up and down while sliding the deheader 
along the chime will enable the entire top to be rapidly 
cut off if so desired. If the top chime of  a drum has 
been damaged or badly dented it  may not be possible 
to cut the entire top off. Since there is always the 
possibility that a drum may be under pressure, the 
initial cut should be made very slowly to allow for the 
gradual release of any built-up pressure. A safer 
technique would be to employ ,a remote method prior 
to using the deheader. 

Self-propelled drum openers which are either 
electrically or pneumatically driven are available and 
can be used for quicker and more efficient deheading. 

The drum deheader should be decontaminated, as 
necessary, after each drum is opened to avoid cross 
contamination andlor adverse chemical reactions from 
incompatible materials. 

7.5.3 Manual Drum Opening with a Hand 
Pick, Pickaxe, or Spike 

When a drum must be opened and neither a bung 



wrench nor a drum deheader is suitable, then it can be 
opened for sampling by using a hand pick, pickaxe, or 
spike (Figure 3, Appendix B). Often the drum lid or 
head must be hit with a great deal of force in order to 
penetrate it. Because of this, the potential for splash 
or spraying is greater than with other opening methods 
and therefore, this method of drum opening is not 
recommended, particularly when opening drums 
containing liquids. Some spikes used have been 
modified by the addition of a circular splash plate near 
the penetrating end. This plate acts as a shield and 
reduces the amount of splash in the direction of the 
person using the spike. Even with this shield, good 
splash gear is essential. 

Since drums, some of which may be under pressure, 
cannot be opened slowly with these tools, spray from 
drums is common and appropriate safety measures 
must be taken. The pick or spike should be 
decontaminated after each drum is opened to avoid 
cross contamination and/or adverse chemical reaction 
from incompatible materials. 

7.5.4 Remote Drum Opening with a 
Backhoe Spike 

Remotely operated drum opening tools are the safest 
available means of drum opening. Remote drum 
opening is slow, but provides a high degree of  safety 
compared to manual methods of opening. 

In the opening area, drums should be placed in rows 
with adequate aisle space to allow ease in backhoe 
maneuvering. Once staged, the drums can be quickly 
opened by punching a hole in the drum head or lid 
with the spike. 

The spike (Figure 4, Appendix B) should be 
decontaminated after each drum is opened to prevent 
cross contamination andlor adverse reaction from 
incompatible material. Even though some splash or 
spray may occur when this method is used, the 
operator of the backhoe can be protected by mounting 
a large shatter-resistant shield in front of the operator's 
cage. This combined with the normal personal 
protection gear should be sufficient to protect the 
operator. Additional respiratory protection can be 
afforded by providing the operator with an on-board 
airline system. 

7.5.5 Remote Drum Opening with 
Hydraulic Devices 

A piercing device with a non-sparking, metal point is 
attached to the end of a hydraulic line and is pushed 
into the drum by the hydraulic pressure (Figure 5, 
Appendix B). The piercing device can be attached so 
that a hole for sampling can be made in either the side 
or the head of the drum. Some of the metal piercers 
are hollow or tube-like so that they can be left in place 
if desired and serve as a permanent tap or sampling 
port. The piercer is designed to establish a tight seal 
after penetrating the container. 

7.5.6 Remote Drum Opening with 
Pneumatic Devices 

Pneumatically-operated devices utilizing compressed 
air have been designed to remove drum bungs 
remotely (Figure 6, Appendix B). Prior to opening the 
drum, a bung fitting must be selected to fit the bung to 
be removed. The adjustable bracketing system is then 
attached to the drum and the pneumatic drill is aligned 
over the bung. This must be done before the drill can 
be operated. The operator then moves away from the 
drum to operate the equipment. Once the bung has 
been loosened, the bracketing system must be 
removed before the drum can be sampled. This 
remote bung opener does not permit the slow venting 
of the container, and therefore appropriate precautions 
must be taken. It also requires the container to be 
upright and relatively level. Bungs that are rusted 
shut cannot be removed with this device. 

7.6 Drum Sampling 

After the drum has been opened, preliminary 
monitoring of headspace gases should be performed 
first with an explosimeter/oxygen meter. Afterwards, 
an O V A  or other instruments should be used. If 
possible, these instruments should be intrinsically 
safe. In most cases it is impossible to observe the 
contents of these sealed or partially sealed drums. 
Since some layering or stratification is likely in any 
solution left undisturbed, a sample that represents the 
entire depth of  the drum must be taken. 

When sampling a previously sealed drum, a check 
should be made for the presence of  a bottom sludge. 
This is easily accomplished by measuring the depth to 
apparent bottom then comparing it to the known 
interior depth. 



7.6.1 Glass Thief Sampler 

The most widely used implement for sampling drum 
liquids is a glass tube commonly referred to as a glass 
thief (Figure 7, Appendix B). This tool is cost 
effective, quick, and disposable. Glass thieves are 
typically 6mm to 16mm I.D. and 48 inches long. 

Procedures for Use: 

1 .  . Remove the cover from the sample container. 

2. Insert glass tubing almost to the bottom of 
the drum or until a solid layer is encountered. 
About one foot of tubing should extend 
above the drum. 

3. Allow the waste in the drum to reach its 
natural level in the tube. 

4. Cap the top of the sampling tube with a 
tapered stopper or thumb, ensuring liquid 
does not come into contact with stopper. 

5. Carefully remove the capped tube from the 
drum and insert the uncapped end into the 
appropriate sample container. 

6. Release stopper and allow the glass thief to 
drain until the container is approximately 
two-thirds full. 

7. Remove tube from the sample container, 
break it into pieces and place the pieces in 
the drum. 

8. Cap the sample container tightly and label it. 
Place the sample container into a camer. 

9. Replace the bung or place plastic over the 
drum. 

10. Log all samples in the site logbook and on 
DrumITank Sampling Data Sheets. 

11. Perform hazard categorization analyses if 
included in the project scope. 

12. Transport the sample to the decontamination 
zone and package it for transport to the 
analytical laboratory, as necessary. 
Complete chain of custody records. 

In many instances a drum containing waste material 
will have a sludge layer on the bottom. Slow insertion 
of  the sample tube into this layer; then a gradual 
withdrawal will allow the sludge to act as a bottom 
plug to maintain the fluid in the tube. The plug can be 
gently removed and placed into the sample container 
by the use of a stainless steel lab spoon. 

It should be noted that in some instances disposal of 
the tube by breaking it into the drum may interfere 
with eventual plans for the removal of its contents. 
The use of this technique should be cleared with the 
project officer or other glass thief disposal techniques 
should be evaluated. 

7.6.2 COLIWASA Sampler 

The Composite Liquid Waste Sampler (COLIWASA) 
and modificat~ons thereof are equipment that collect 
a sample from the full depth of a drum and maintain 
it in the transfer tube until delivery to the sample 
bottle. The COLIWASA (Figure 8, Appendix B) is a 
much cited sampler designed to permit representative 
sampling of multiphase wastes from drums and other 
containerized wastes. One configuration consists of 
a 152 cm by 4 cm I.D. section of  tubing with a 
neoprene stopper at one end attached by a rod running 
the length of the tube to a locking mechanism at the 
other end. 

Manipulation of the locking mechanism opens and 
closes the sampler by raising and lowering the 
neoprene stopper. One model of the COLIWASA is 
shown in Appendix B; however, the design can be 
modified andfor adapted somewhat to meet the needs 
of the sampler. 

The major drawbacks associated with using a 
COLIWASA concern decontamination and costs. The 
sampler is difficult to decontaminate in the field and 
its high cost in relation to alternative procedures (glass 
tubes) make it an impractical throwaway item. It still 
has applications, however, especially in instances 
where a true representation of  a multiphase waste is 
absolutely necessary. 

Procedures for Use 

I .  Put the sampler in the open position by 
placing the stopper rod handle in the T- 
position and pushing the rod down until the 
handle sits against the sampler's locking 
block. 



2. Slowly lower the sampler into the liquid 
waste. Lower the sampler at a rate that 
permits the levels of the liquid inside and 
outside the sampler tube to be about the 
same. If the level of the liquid in the sample 
tube is lower than that outside the sampler, 
the sampling rate is too fast and will result in 
a non-representative sample. 

3. When the sampler stopper hits the bottom of 
the waste container, push the sampler tube 
downward against the stopper to close the 
sampler. Lock the sampler in the closed 
position by turning the T-handle until it is 
upright and one end rests tightly on the 
locking block. 

4. Slowly withdraw the sample from the waste 
container with one hand while wiping the 
sampler tube with a disposable cloth or rag 
with the other hand. 

5. Carefully discharge the sample into the 
appropriate sample container by slowly 
pulling the lower end of the T-handle away 
from the locking block while the lower end 
of the sampler is positioned in a sample 
container. 

6 .  Cap the sample container tightly and label it. 
Place the sample container in a carrier. 

7. Replace the bung or place plastic over the 
drum. 

8. Log all samples in the site logbook and on 
DrumtTank Sampling Data Sheets. 

9. Perform hazard categorization analyses if 
included in the project scope. 

10. Transport the sample to the decontamination 
zone and package for transport to the 
analytical laboratory, as necessary. 
Complete the Chain of Custody records. 

7.6.3 Coring Device 

A coring device may be used to sample drum solids. 
Samples should be taken from different areas within 
the drum. This sampler consists of a series of 
extensions, a T- handle, and the coring device. 

Procedures for use: 

1 .  Assemble the sampling equipment. 

2. Remove the cover from the sample container. 

3. Insert the sampling device to the bottom of 
the drum. The extensions and the "T" handle 
should extend above the drum. 

4. Rotate the sampling device to cut a core of 
material. 

5. Slowly withdraw the sampling device so that 
as  much sample material as possible is 
retained within it. 

6. Transfer the sample to the appropriate 
sample container, and label it. A stainless 
steel spoon or scoop may be used as 
necessary. 

7. Cap the sample container tightly and place it 
in a carrier. 

8. Replace the bung or place plastic over the 
drum. 

9. Log all samples in the site log book and on 
DrumtTank Sampling Data Sheets. 

10. Perform hazard categorization analyses if 
included in the project scope. 

1 1. Transport the sample to the decontamination 
zone and package it for transport to the 
analytical laboratory, as necessary. 
Complete chain of custody records. 

7.7 Hazard Categorization 

The goal of characterizing or categorizing the contents 
of drums is to obtain a quick, preliminary assessment 
of the types and levels of pollutants contained in the 
drums. These activities generally involve rapid, non- 
rigorous methods of analysis. The data obtained from 
these methods can be used to make decisions 
regarding drum staging or restaging, bulking or 
compositing of the drum contents. 



A s  a first step in obtaining these data, standard tests 
should be used to classify the drum contents into 
general categories such as  auto-reactives, water 
reactives, inorganic acids, organic acids, heavy 
metals, pesticides, cyanides, inorganic oxidizers, and 
organic oxidizers. In some cases, further analyses 
should be conducted to more precisely identify the 
drum contents. 

There are several methods available to perform these 
tests: 

C the HazCatR chemical identification system 
C the Chlor-N-Oil Test Kit 
C Spill-fyter Chemical Classifier Strips 
C Setaflash (for ignitability) 

These methods must be performed according to the 
manufacturers' instructions and the results must be 
documented on the Field Test Data Sheet for 
DrumITank Sampling (Attachment 2, Appendix A). 

Other tests which may be performed include: 

C Water Reactivity 
C Specific Gravity Test (compared to water) 
C Water Solubility Test 
C pH of Aqueous Solution 

The tests must be performed in accordance with the 
instructions on the Field Test Data Sheet for 
Drummank Sampling and results of the tests must be 
documented on these data sheets. 

The specific methods that will be used for hazard 
categorization must be documented in the Quality 
Assurance Work Plan. 

8.0 CALCULATIONS 

This section is not applicable to this SOP. 

9.0 QUALITY ASSURANCE1 
QUALITY CONTROL 

1. All data must be documented on Chain of 
Custody records, DrumITank Sampling Data 
Sheets, Field Test Data Sheet for DrumITank 
Sampling, or within site logbooks. 

2. All instrumentation must be operated in 
accordance with operating instructions as 
supplied by the manufacturer, unless 
otherwise specified in the work plan. 
Equipment checkout and calibration 
activities .must occur prior to 
samplingloperation, and they must be 
documented. 

10.0 DATA VALIDATION 

This section is not applicable to this SOP. 

11.0 HEALTH AND SAFETY 

When working with potentially hazardous materials, 
follow U.S. EPA, OSHA, and corporate health and 
safety procedures. 

More specifically, the opening of closed containers is 
one of  the most hazardous site activities. Maximum 
efforts should be made to ensure the safety of the 
sampling team. Proper protective equipment and a 
general awareness of the possible dangers will 
minimize the risk inherent to sampling operations. 
Employing proper drum opening techniques and 
equipment will also safeguard personnel. The use of 
remote sampling equipment whenever feasible is 
highly recommended. 

12.0 REFERENCES 

Guidance Document for Cleanup of Surface Tank and 
Drum Sites, OSWER Directive 9380.0-3. 

Drum Handling Practices at Hazardous Waste Sites, 
EPA-60012-86-0 13. 

The following general quality assurance procedures 
apply: 



APPENDIX A 

Attachments 

ATTACHMENT 1. DrumITank Sampling Data Sheet 

Samplers: Date: 

Site Name: Work Order Number: 

Container NumberISample Number: Task Leader: 

SITE INFORMATION: 

1. Terrain, drainage description: 

2. Weather conditions (from observation): 

MET station on site: No Yes 

CONTAINER INFORMATION: 

1 .  Container type: Drum Tank Other: - 

2. Container dimensions: Shape: 

Approximate size: - 

3.  Label present: No 
Yes: 

Other Markings: 

4. Spill or leak present: No Yes Dimensions: 

5.  Container location: (Circle one) NIA See Map Other: 
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Attachments 

ATTACHMENT I .  DmmITank Sampling Data Sheet (cont'd) 

SAMPLE INFORMATION: 

1 .  Description: liquid solid ( powder or - crystals) sludge 

2. Color: Vapors: 
Other:- 

3. Local effects present: (damage - environmental, 
material) 

FIELD MONITORING: 

1. PID: Background (clean zone) 

Probe usedIMode1 used 

Reading from container opening 

2. FID: Background (clean zone) 

Reading from container opening 

3. Radiation Meter: 

-- Model used 

Background (clean zone) 

Reading from container opening 

4. Explosimeter/Oxy gen Meter: 

Oxygen level from container opening 

LEL level from container opening 



APPENDIX A (Cont'd) 

Attachments 

ATTACHMENT 2. Field Test Data Sheet for DrumITank Sampling 

Samplers: Date: 

Site Name: Work Order Number: - 

Container NumberISample Number: Task Leader: 

SAMPLE MONITORING INFORMATION: 

1 .  PID: pp Background (clean zone) 

Probe used1Model used 

Reading from sample 

2. FID: Background (clean zone) 

Reading from sample 

3. Radiation Meter: Model used 

Background (clean zone) 

Reading from sample 

4. ExplosimeterIOxygen Meter: Oxygen level (sample) 

- LEL level (sample) 

SAMPLE DESCRIPTION: 

Liquid Solid Sludge Color Vapors 

WATER REACTIVITY: 

1. Add smaIl amount of sample to water: bubbles color change to 

vapor formation - heat No Change 

SPECIFIC GRAVITY TEST (compared to water): 

1. Add small amount of sample to water: sinks floats 

2. If liquid sample sinks, screen for chlorinated compounds. If liquid sample floats and appears to be oily, 
screen for PCBs (Chlor-N-Oil kit). 



APPENDIX A (Cont'd) 

Attachments 

ATTACHMENT 2. Field Test Data Sheet for DrumITank Sampling (cont'd) 

CHLOR N OIL TEST KIT MFORMATION: 

1. Test kit used for this sample: Yes No 

2. Results: -. PCB not present PCB present, less than 50 ppm 

PCB present, greater than 50 ppm -- 100% PCB present 

WATER SOLUBILITY TEST: 

1. Add approximately one part sample to five parts water. You may need to stir and heat gently. [DO NOT 
HEAT IF WATER REACTIVE!l Results: total partial no solubility 

pH OF AOUEOUS SOLUTION: 

1 .  Using 0-14 pH paper, check pH of waterlsample solution: 

SPILL-FY TER CHEMICAL CLASSIFIER STRIPS: 

1. AcidIBase Risk: (Circle one) 

Strong acid (0) 

Moderately acidic (I -3) 

Weak acid (5) 

Neutral (7) 

Moderately basic (9-1 1) 

Strong Base (13-14) 

2. Oxidizer Risk: (Circle one) 

Not Present 

Present 

3. Fluoride Risk: (Circle one) 

Not Present 

Present 

Color Chanee 

RED 

ORANGE 

YELLOW 

GREEN 

Dark GREEN 

Dark BLUE 

WHITE 

BLUE, RED, OR ANY DIVERGENCE FROM 
WHITE 

PINK 

YELLOW 



APPENDIX A (Cont'd) 

Attachments 

ATTACHMENT 2. Field Test Data Sheet for D ~ m ~ T a n k  Sampling (cont'd) 

4. Petroleum Product, Organic Solvent Risk: (Circle one) 

Not Present 

Present 

5. Iodine, Bromine, Chlorine Risk: (Circle one) 

Not Present 

Present 

SETAFLASH IGNITABILITY TEST: 

140°F Ignitable: 

160°F Ignitable: 

-- Ignitable: 

Ignitable: 

Ignitable: 

Ignitable: 

Comments: 

LIGHT BLUE 

DARK BLUE 

PEACH 

WHITE OR YELLOW 

Non-Ignitable 

Non-Ignitable 

Non-Ignitable 

Non-Ignitable 

Non-Ignitable 

Non-Ignitable 

RAZCAT KIT TESTS: 

1. Test: Outcome: 

Comments: 

2. Test: Outcome: 

Comments: 
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Attachments 

ATTACHMENT 2. Field Test Data Sheet for DrumITank Sampling (cont'd) 

3. Test: Outcome: 

Comments: 

4. Test: Outcome: 

Comments: 

5. Test: .- O ~ t c o m e : ~  

Comments:- 

HAZCAT PESTICIDES KIT: 

Present: -- Not Present: 

Comments: - 
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Figures 

Figure 1. Universal Bung Wrench 
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Figures 

Figure 2. Drum Deheader 
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Figures 

Figure 3. Hand Pick, Pickaxe, and Hand Spike 
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Figures 

Figure 4. Backhoe Spike 
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Figures 

Figure 5. Hydraulic Drum Opener 
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Figures 

Figure 6. Pneumatic Bung Remover 
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Figures 

Figure 7 .  Glass Thief 
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Figures 

Figure 8. COLIWASA 
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North Wind 
Remediation Services, LLC 

TANK SAMPLING 
SOP#: 2010 

DATE: 1 111 6/94 
REV. #: 0.0 

1.0 SCOPE AND APPLICATION 

The purpose of this standard operating procedure 
(SOP) is to provide technical guidance for the 
implementation of sampling protocols for tanks and 
other confined spaces from outside the vessel. 

These are standard (i.e., typically applicable) 
operating procedures which may be varied or changed 
as required, dependent on site conditions, equipment 
limitations or limitations imposed by the procedure or 
other procedure limitations. In all instances, the 
ultimate procedures employed should be documented 
and associated with the final report. 

Mention of trade names or 
not constitute U.S. 
recommendation for use. 

commercial products does 
EPA endorsement or 

2.0 METHOD SUMMARY 

The safe collection of a representative sample should 
be the criteria for selecting sample locations. A 
representative 'sample can be collected using 
techniques or equipment that are designed for 
obtaining liquids or sludges from various depths. The 
structure and characteristics of storage tanks present 
problems with collection of samples from more than 
one location; therefore, the selection of sampling 
devices is an important consideration. 

Depending on the type of vessel and characteristics of 
the material to be sampled, one can choose a bacon 
bomb sampler, sludge judge, subsurface grab sampler, 
glass thief, bailer or Composite Liquid Waste Sampler 
(COLIWASA) to collect the sample. A sludge judge, 
bacon bomb or COLIWASA can be used to determine 
if the tank contents are stratified. Various other 
custom-made samplers may be used depending on the 
specific application. 

All sample locations should be surveyed for air 
quality prior to sampling. At no time should sampling 

continue with an LEL reading greater than 25% 

3.0 SAMPLE .PRESERVATION, 
CONTAINERS, HANDLING, 
AND STORAGE 

Samples collected fiom tanks are considered waste 
samples and as such, addition of preservatives is not 
required due to the potential reaction of the sample 
with the preservative. Samples should however, be 
cooled to 4°C with ice and protected fiom sunlight in 
order to minimize any potential reaction due to the 
light sensitivity of the sample. 

Sample bottles for collection of waste liquids, sludges, 
or solids are typically wide mouth amber jars with 
Teflon-lined screw caps. Actual volume required for 
analysis should be determined in conjunction with the 
laboratory performing the analysis. 

Waste sample handling procedures should be as 
follows: 

1. Place sample container in two ziplock plastic 
bags. 

2. Place each bagged container in a I-gallon 
covered can containing absorbent packing 
material. Place the lid on the can. 

3. Mark the sample identification number on 
the outside of the can. 

4. Place the marked cans in a cooler, and fill 
remaining space with absorbent packing 
material. 

5.  Fill out chain of custody record for each 
cooler, place in plastic, and affix to inside lid 
of cooler. 

6. Secure and custody seal the lid of cooler. 



7. Arrange for the appropriate transportation 
mode consistent with the type of hazardous 
waste involved. 

4.0 I N T E R F E R E N C E S  A N D  
POTENTIAL PROBLEMS 

Sampling a storage tank requires a great deal of 
manual dexterity, often requiring climbing to the top 
of the tank upon a narrow vertical or spiral stairway or 
ladder while wearing protective clothing and carrying 
sampling equipment. 

Before climbing onto the vessel, a structural survey 
should be performed. This will ensure appropriate 
consideration of safety and accessibility prior to 
initiation of any field activities. 

As in all opening of containers, extreme caution 
should be taken to avoid ignition or combustion of 
volatile contents. All tools used must be constructed 
of a non-sparking material and electronic instruments 
must be intrinsically safe. 

All sample locations should be surveyed for air 
quality prior to sampling. At no time should sampling 
continue with a lower explosive limit (LEL) reading 
greater than 25%. 

Storage tank materials include liquids, sludges, still 
bottoms, and solids of various types. The type of 
sampler chosen should be compatible with the waste. 
Samplers commonly used for tanks include: a bacon 
bomb sampler, sludge judge, glass thief, bailer, 
COLIWASA, and subsurface grab sampler. 

Tank Sam~l ing  Eaui~ment  Checklist: 

C Sampling plan 
C Safety equipment 
C Tape measure 
C Weighted tape line, measuring stick or 

equivalent 
C Camera/film 
C Stainless steel bucket or bowl 
C Sample containers 
C Ziplock plastic bags 
C Logbook 
C Labels 
C Field data sheets 

Chain of Custody records 
Flashlight (explosion proof) 
Coolers 
Ice 
Decontamination supplies 
Bacon bomb sampler 
Sludge judge 
Glass thieves 
Bailers 
COLIWASA 
Subsurface grab sampler 
Water/oil level indicator 
OVA (organic vapor analyzer or equivalent) 
Explosimeter/oxygen meter 
High volume blower 

6.0 REAGENTS 

Reagents are not typically required for the 
preservation of waste samples. However, reagents 
will be utilized for decontamination of equipment. 
Decontamination solutions required are specified in 
the Sampling Equipment Decontamination SOP. 

7.0 PROCEDURE 

7.1 Preparation 

1. Determine the extent of the sampling effort, 
the sampling methods to be employed, and 
the types and amounts of equipment and 
supplies needed. 

2. Obtain necessary sampling and monitoring 
equipment. 

3. Decontaminate or preclean equipment, and 
ensure that it is in working order. 

4. Prepare scheduling and coordinate with staff, 
clients, and regulatory agency, if appropriate. 

5.  Perform a general site survey prior to site 
entry in accordance with the site specific 
Health and Safety Plan. 

6. Identify and mark all sampling locations. ' 

7.2 Preliminary Inspection 

1. Inspect the external structural characteristics 
of each tank and record in the site logbook. 



Potential sampling points should be 
evaluated for safety, accessibility and sample 
quality. 

2. Prior to opening a tank for internal 
inspection, the tank sampling team shall: 

C Review safety procedures and 
emergency contingency plans with 
the Health and Safety Officer. 

C Ensure that the tank is properly 
grounded. 

C Remove all sources of ignition from 
the immediate area. 

3. Each tank should be mounted using 
appropriate means. Remove manway covers 
using non-sparking tools. 

4. Collect air quality measurements for each 
potential sample location using an 
explosimeterloxygen meter for a lower 
explosive limit (LELIO,) reading and an 
OVAIHNU for an organic vapor 
concentration. Both readings should be taken 
from the tank headspace, above the sampling 
port, and in the breathing zone. 

5. Prior to commencing sampling, the tank 
headspace should be cleared of any toxic or 
explosive vapor concentration using a high 
volume explosion proof blower. No work 
shall start if LEL readings exceed 25%. At 
10% LEL, work can continue but with 
extreme caution. 

7.3 Sampling Procedure 

I .  Determine the depth of any and all liquid, 
solid, and liquidlsolid interface, and depth of 
sludge using a weighted tape measure, probe 
line, sludge judge, or equivalent. 

2. Collect liquid samples from one (1) foot 
below the surface, from mid-depth of liquid, 
and from one (1) foot above the bottom 
sludge layer. This can be accomplished with 
a subsurface grab sampler or bacon bomb. 
For liquids less than five (5) feet in depth, 
use a glass thief or COLIWASA to collect 
the sample. 

If sampling storage tanks, vacuum trucks, or 
process vessels, collect at least one sample 
from each compartment in the tank. Samples 
should always be collected through an 
opened hatch at the top of the tank. Valves 
near the bottom should not be used, because 
of their questionable or unknown integrity. 
If such a valve cannot be closed once 
opened, the entire tank contents may be lost 
to the ground surface. Also, individual strata 
cannot be sampled separately through a valve 
near the bottom. 

3 .  Compare the three samples for visual phase 
differences. If phase differences appear, 
systematic iterative sampling should be 
performed. By halving the distance between 
two discrete sampling points, one can 
determine the depth of the phase change. 

4. If another sampling port is available, sample 
as above to verify the phase information. 

5. Measure the inside diameter of the tank and 
determine the volume of wastes using the 
depth measurements (Appendix A). 
Measuring the external diameter may be 
misleading as some tanks are insulated or 
have external supports that are covered. 

6 .  Sludges can be collected using a bacon bomb 
sampler, glass thief, or sludge judge. 

7. Record all information on the sample data 
sheet or site logbook. Label the container 
with the appropriate sample tag. 

8. Decontaminate sampling equipment as per 
the steps listed in the Sampling Equipment 
Decontamination SOP. 

7.4 Sampling Devices 

7.4.1 Bacon Bomb Sampler 

The bacon bomb sampler (Figure 1, Appendix B) is 
designed for the collection of material from various 
levels within a storage tank. It consists of a 
cylindrical body, usually made of chrome-plated brass 
and bronze with an internal tapered plunger that acts 
as a valve to admit the sample. A line attached to the 
top of the plunger opens and closes the valve. A line 



is attached to the removable top cover which has a 
locking mechanism to keep the plunger closed after 
sampling. 

Procedures for Use: 

1. Attach the sample line and the plunger line to 
the sampler. 

2. Measure and then mark the sampling line at 
the desired depth. 

3. Gradually lower the sampler by the sample 
line until the desire level is reached. 

4. When the desired level is reached, pull up on 
the plunger line and allow the sampler to fill 
before releasing the plunger line to seal off 
the sampler. 

5. Retrieve the sampler by the sample line 
being careh l  not to pull up on the plunger 
line and thereby prevent accidental opening 
of the bottom valve. 

6. Rinse or wipe off the exterior of the sampler 
body. 

7. Position the sampler over the sample 
container and release its contents by pulling 
up on the plunger line. 

8. Cap the sample container tightly and place 
prelabeled sample container in a carrier. 

9. Replace the flange or manway or place 
plastic over the tank. 

10. Log all samples in the site logbook and on 
field data sheets and label all samples. 

1 1. Package samples and complete necessary 
paperwork. 

12. Transport sample to decontamination zone 
for preparation for transport to analytical 
laboratory. 

7.4.2 Sludge Judge 

A sludge judge (Figure 2, Appendix B) is used for 
obtaining an accurate reading of  settleable solids in 
any liquid. The sampling depth is dependent upon the 

length of the sludge judge. The sampler consists of 
314" plastic pipe in 5-ft. sections, marked at I-ft. 
increments, with screw-type fittings. 

Procedures for Use: 

1. Lower the sludge judge to the bottom of  the 
tank. 

2. When the bottom has been reached, the pipe 
is allowed to f i l l  to the surface level. This 
will seat the check valve, trapping the 
column of material. 

3. When the unit has been raised clear of the 
tank liquid, the amount of sludge in the 
sample can be read using the one foot 
increments marked on the pipe sections. 

4. By touching the pin extending from the 
bottom section against a hard surface, the 
material is released from the u n ~ t .  

5. Cap the sample container tightly and place 
prelabeled sample container in a carrier. 

6 .  Replace the flange or manway or place 
plastic over the tank. 

7. Log all samples in the site logbook and on 
field data sheets and label all samples. 

8. Package samples and complete necessary 
paperwork. 

9. Transport sample to decontamination zone 
for preparation for transport to analytical 
laboratory. 

7.4.3 Subsurface Grab Sampler 

Subsurface grab samplers (Figure 3, Appendix B) are 
designed to collect samples of liquids at various 
depths. The sampler is usually constructed of 
aluminum or stainless steel tubing with a 
polypropylene or teflon head that attaches to a I-liter 
sample container. 

Procedures for Use: 

1. Screw the sample bottle onto the sampling 
. head. 



2. Lower the sampler to the desired depth. 

3. Pull the ring at the top which opens the 
spring-loaded plunger in the head assembly. 

4. When the bottle is full, release the ring, lift 
sampler, and remove sample bottle. 

5. Cap the sample container tightly and place 
prelabeled sample container in a carrier. 

6. Replace the flange or manway or place 
plastic over the tank. 

7. Log all samples in the site logbook and on 
field data sheets and label all samples. 

8. Package samples and complete necessary 
paperwork. 

9. Transport sample to decontamination zone 
for preparation for transport to analytical 
laboratory. 

7.4.4 Glass Thief 

The most widely used implement for sampling is a 
glass tube commonly referred to as a glass thief 
(Figure 4, Appendix B). This tool is simple, cost 
effective, quick, and collects a sample without having 
to decontaminate. Glass thieves are typically 6mm to 
16mm I.D. and 48 inches long. 

Procedures for Use: 

1. Remove cover from sample container. 

2. Insert glass tubing almost to the bottom of 
the tank or until a solid layer is encountered. 
About one foot of tubing should extend 
above the drum. 

3. Allow the waste in the tank to reach its 
natural level in the tube. 

4. Cap the top of the sampling tube with a 
tapered stopper or thumb, ensuring liquid 
does not come into contact with stopper. 

5 .  Carefully remove the capped tube from the 
tank and insert the uncapped end in the 
sample container. Do not spill liquid on the 

outside of the sample container. 

6 .  Release stopper and allow the glass thief to 
drain until the container is approximately 
213 full. 

7. Remove tube from the sample container, 
break it into pieces and place the pieces in 
the tank. 

8. Cap the sample container tightly and place 
prelabeled sample container in a carrier. 

9. Replace the bung or place plastic over the 
tank. 

10. Log all samples in the site logbook and on 
field data sheets and label all samples. 

11. Package samples and complete necessary 
paperwork. 

12. Transport sample to decontamination zone 
for preparation for transport to analytical 
laboratory. 

In many instances a tank containing waste material 
will have a sludge layer on the bottom. Slow insertion 
of  the sample tube down into this layer and then a 
gradual withdrawal will allow the sludge to act as  a 
bottom plug to maintain the fluid in the tube. The 
plug can be gently removed and placed into the 
sample container by the use of a stainless steel lab 
spoon. 

7.4.5 Bailer 

The positive-displacement volatile sampling bailer 
(Figure 5, Appendix B) (by GPI) is perhaps the most 
appropriate for collection of water samples for volatile 
analysis. Other bailer types (messenger, bottom fill, 
etc.) are less desirable, but may be mandated by cost 
and site conditions. Generally, bailers can provide an 
acceptable sample, providing that the sampling 
personnel use extra care in the collection process. 

Operation 

1. Make sure clean plastic sheeting surrounds 
the tank. 

2. Attach a line to the bailer. 



Lower the bailer slowly and gently into the 
tank so as not to splash the bailer into the 
tank contents. 

Allow the bailer to fill completely and 
retrieve the bailer from the tank. 

Begin slowly pouring from the bailer. 

Cap the sample container tightly and place 
prelabeled sample container in a carrier. 

Replace the flange or manway or place 
plastic over the tank. 

Log all samples in the site logbook and on 
field data sheets and label all samples. 

Package samples and complete necessary 
paperwork. 

Transport sample to decontamination zone 
for preparation for transport to analytical 
laboratory. 

COLIWASA 

Sampling devices are available that allow collection 
of a sample from the full depth of a tank and maintain 
its integrity in the transfer tube until delivery to the 
sample bottle. The sampling device is known as a 
Composite Liquid Waste Sampler (COLIWASA) 
(Figure 6, Appendix B). The COLIWASA is a much 
cited sampler designed to permit representative 
sampling of multiphase wastes from tanks and other 
containerized wastes. 

One configuration consists of a 152 cm by 4 cm I.D. 
section of tubing with a neoprene stopper at one end 
attached by a rod running the length of the tube to a 
locking mechanism at the other end. Manipulation of 
the locking mechanism opens and closes the sampler 
by raising and lowering the neoprene stopper. 

instances where a true representation of a multiphase 
waste is absolutely necessary. 

Procedures for Use: 

1. Put the sampler in the open position by 
placing the stopper rod handle in the T- 
position and pushing the rod down until the 
handle sits against the sampler's locking 
block. 

2. Slowly lower the sampler into the liquid 
waste. Lower the sampler at a rate that 
permits the levels of the liquid inside and 
outside the sampler tube to be about the 
same. If the level of the liquid in the sample 
tube is lower than that outside the sampler, 
the sampling rate is too fast and will result in 
a non-representative sample. 

When the sampler stopper hits the bottom of 
the waste container, push the sampler tube 
downward against the stopper 'to close the 
sampler. Lock the sampler in the closed 
position by turning the T-handle until it is 
upright and one end rests tightly on the 
locking block. 

4. Slowly withdraw the sample from the waste 
container with one hand while wiping the 
sampler tube with a disposable cloth or rag 
with the other hand. 

5. Carefully discharge the sample into a 
suitable sample container by slowly pulling 
the lower end of the T-handle away from the 
locking block while the lower end of the 
sampler is positioned in a sample container. 

6 .  Cap the sample container tightly and place 
prelabeled sample container in a carrier. 

7.  Replace the bung or place plastic over the 
tank. 

The major drawbacks associated with using a 
COLWASA concern decontamination and costs. The 8. Log all samples in the site logbook and on 

sampler is difficult to decontaminate in the field, and field data sheets and label all samples. 

its high cost in relation to alternative procedures (glass 
tubes) makes it an impractical throwaway item. 9. Package samples and complete necessary - 
Disposable COLIWASA's are a viable alternative. paperwork. 

However, the COLIWASA is still the sampling device 
of choice for specific applications, especially in 



10. Transport sample to decontamination zone 
for preparation for transport to analytical 
laboratory. 

8.0 CALCULATIONS 

There are no specific calculations for these 
procedures. Refer to Appendix A regarding 
calculations utilized in determining tank volumes. 

9.0 QUALITY ASSURANCE1 
QUALITY CONTROL 

There are no specific quality assurance activities 
which apply to the implementation of these 
procedures. However, the following general QA 
procedures apply: 

1. All data must be documented on field data 
sheets or within site logbooks. 

2. All instrumentation must be operated in 
accordance with operating instructions as 
supplied by the manufacturer, unless 
otherwise specified in the work plan. 
Equipment checkout and calibration 
activities must occur prior to 
samplingloperation and they must be 
documented. 

10.0 DATA VALIDATION 

This section is not applicable to this SOP 

11.0 HEALTH AND SAFETY 

When working with potentially hazardous materials, 
follow U.S. EPA, OSHA, and corporate health and 
safety procedures. More specifically, the hazards 
associated with tank sampling may cause bodily 
injury, 

illness, or death to the worker. Failure to recognize 
potential hazards of waste containers is the cause of 
most accidents. It should be assumed that the most 
unfavorable conditions exist, and that the danger of 
explosion and poisoning will be present. Hazards 
specific to tank sampling are: 

I. Hazardous atmospheres which are either 
flammable, toxic, asphyxiating, or corrosive. 

2. If activation of electrical or mechanical 
equipment would cause injury, each piece of 
equipment should be manually isolated to 
prevent inadvertent activation while workers 
are occupied. 

3. Communication is of utmost importance 
between the sampling worker and the 
standby person to prevent distress or injury 
going unnoticed. 

4. Proper procedures to evacuate a tank with 
forced air and grounding of equipment and 
tanks should be reviewed. 

12.0 REFERENCES 

Guidance Document for Cleanup of Surface Tank and 
Drum Sites, OSWER Directive 9380.0-3. 

Drum Handling Practices at Hazardous Waste Sites, 
EPA-60012-86-0 13. 



APPENDIX A 

Calculations 

Various Volume Calculations 

SPtlERE v ANY -I AR CONTAINER 

Totol Volume 
V=1/6 dl3 =0.52349@ Totol Volume 
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Calculations 

Various Volume Calculations (Cont'd) - 
Core 1 Case 2 

Totol Volume 

t V- n/12 H(D : +D, D2 +a2' ) 

H 

1 
Portiol Volume 

V- 4 1 2  h ( ~ :  +D, d+d2) 

UZLSE. 
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Portial Volume C m -  
V= ~ / 1 2 - d 2 h  

I Portia1 Volume 
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Cose 1 

Partial Volume 

V-2/3 hdL 

Totol Volume 
V=2/3 HDL 

Core 2 
Portiol Volume 
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Figures 

FIGURE 1 .  Bacon Bomb Sampler 
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Figures 

FIGURE 2. Sludge Judge 
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Figures 

FIGURE 3 .  Subsurface Grab Sampler 
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Figures 

FIGURE 4. Glass Thief 
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FIGURE 5. Bailer 
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FIGURE 6. COLIWASA 
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SOIL SAMPLING 
Remedia tion Ser/ices, LL C 

SOP#: 2012 
DATE: 11/16/94 

REV. #: 0.0 

1.0 SCOPE AND APPLICATION 

The purpose of this standard operating procedure 
(SOP) is to describe the procedures for the collection 
of representative soil samples. Analysis of soil 
samples may determine whether concentrations of 
specific pollutants exceed established action levels, or 
if the concentrations of pollutants present a risk to 
public health, welfare, or the environment. 

These are standard (i.e., typically applicable) 
operating procedures which may be varied or changed 
as required, dependent upon site conditions, 
equipment limitations or limitations imposed by the 
procedure. In all instances, the ultimate procedures 
employed should be documented and associated with 
the final report. 

Mention of trade names or commercial products does 
not constitute U.S. Environmental Protection Agency 
(EPA) endorsement or recommendation for use. 

2.0 METHOD SUMMARY 

Soil samples may be collected using a variety of 
methods and equipment. The methods and equipment 
used are dependent on the depth of the desired sample, 
the type of sample required (disturbed vs. 
undisturbed), and the soil type. Near-surface soils 
may be easily sampled using a spade, trowel, and 
scoop. Sampling at greater depths may be performed 
using a hand auger, continuous flight auger, a trier, a 
split-spoon, or, if required, a backhoe. 

3.0 SAMPLE PRESERVATION, 
CONTAINERS, HANDLING, 
AND STORAGE 

Chemical preservation of solids is not generally 
recommended. Samples should, however, be cooled 
and protected from sunlight to minimize any potential 
reaction. 

4.0 INTERFERENCES AND 
POTENTIAL PROBLEMS 

There are two primary interferences or potential 
problems associated with soil sampling. These 
include cross contamination of samples and improper 
sample collection. Cross contamination problems can 
be eliminated or minimized through the use of 
dedicated sampling equipment. If thls is not possible 
or practical, then decontamination of sampling 
equipment is necessary. Improper sample collection 
can involve using contaminated equipment, 
disturbance of the matrix resulting in compaction of 
the sample or inadequate homogenization of the 
samples where required, resulting in variable, non- 
representative results. 

Soil sampling equipment includes the following: 

Sampling plan 
Mapsfplot plan 
Safety equipment, as specified in the Health 
and Safety Plan 
Survey equipment 
Tape measure 
Survey stakes or flags 
Camera and film 
Stainless steel, plastic, or other appropriate 
homogenization bucket, bowl or pan 
Appropriate size sample containers 
Ziplock plastic bags 
Logbook 
Labels 
Chain of Custody records and seals 
Field data sheets 
Cooler(s) 
Ice 
Vermiculite 
Decontamination suppliesfequipment 
Canvas or plastic sheet 
Spade or shovel 



Spatula 
Scoop 
Plastic or stainless steel spoons 
Trowel 
Continuous flight (screw) auger 
Bucket auger 
Post hole auger 
Extension rods 
T-handle 
Sampling trier 
Thin wall tube sampler 
Split spoons 
Vehimeyer soil sampler outfit 
- Tubes 
- Points 
- Drive head 
- Drop hammer 
- Puller jack and grip 
Backhoe 

6.0 REAGENTS 

Reagents are not used for the preservation of soil 
samples. Decontamination solutions are specified in 
the Sampling Equipment Decontamination SOP and 
the site specific work plan. 

7.0 PROCEDURES 

7.1 Preparation 

1 .  Determine the extent of the sampling effort, 
the sampling methods to be employed, and 
the types and amounts of equipment and 
supplies required. 

2. Obtain necessary sampling and monitoring 
equipment. 

3. Decontaminate or pre-clean equipment, and 
ensure that it is in working order. 

4. Prepare schedules, and coordinate with staff, 
client, and regulatory agencies, if 
appropriate. 

5.  Perform a general site survey prior to site 
entry in accordance with the site specific 
Health and Safety Plan. 

6. Use stakes, flagging, or buoys to identify and 
mark all sampling locations. Specific site 

factors, including extent and nature of 
contaminant should be considered when 
selecting sample location. If required, the 
proposed locations may be adjusted based on 
site access, property boundaries, and surface 
obstructions. All staked locations will be 
utility-cleared by the property owner prior to 
soil sampling. 

7.2 Sample Collection 

7.2.1 Surface Soil Samples 

Collection of samples from near-surface soil can be 
.accomplished with tools such as spades, shovels, 
trowels, and scoops. Surface material can be removed 
to the required depth with this equipment, then a 
stainless steel or plastic scoop can be used to collect 
the sample. 

This method can be used in most soil types but is 
limited to sampling near surface areas. Accurate, 
representative samples can be collected with this 
procedure depending on the care and precision 
demonstrated by the sample team member. A 
stainless steel scoop, lab spoon, or plastic spoon will 
suffice in most other applications. The use of a flat, 
pointed mason trowel to cut a block of the desired soil 
can be helphl when undisturbed profiles are required. 
Care should be exercised to avoid use of devices 
plated with chrome or other materials. Plating is 
particularly common with garden implements such as 
potting trowels. 

The following procedure is used to collect surface soil 
samples: 

1 .  Carefully remove the top layer of soil or 
debris to the desired sample depth with a pre- 
cleaned spade. 

2. Using a pre-cleaned, stainless steel scoop, 
plastic spoon, or trowel, remove and discard 
a thin layer of soil from the area which came 
in contact with the spade. 

3. If volatile organic analysis is to be 
performed, transfer the sample directly into 
an appropriate, labeled sample container with 
a stainless steel lab spoon, or equivalent and 
secure the cap tightly. Place the remainder 
of the sample into a stainless steel, plastic, or 



other appropriate homogenization container, 
and mix thoroughly to obtain a homogenous 
sample representative of the entire sampling 
interval. Then, either place the sample into 
appropriate, labeled containers and secure the 
caps tightly; or, if composite samples are to 
be collected, place a sample from another 
sampling interval or location into the 
homogenization container and mix 
thoroughly. When compositing is complete, 
place the sample into appropriate, labeled 
containers and secure the caps tightly. 

7.2.2 Sampling at Depth with Augers and 
Thin Wall Tube Samplers 

This system consists of an auger, or a thin-wall tube 
sampler, a series of extensions, and a "T" handle 
(Figure 1,  Appendix A). The auger is used to bore a 
hole to a desired sampling depth, and is then 
withdrawn. The sample may be collected directly 
from the auger. If a core sample is to be collected, the 
auger tip is then replaced with a thin wall tube 
sampler. The system is then lowered down the 
borehole, and driven into the soil to the completion 
depth. The system is withdrawn and the core is 
collected from the thin wall tube sampler. 

Several types of augers are available; these include: 
bucket type, continuous flight (screw), and post-hole 
augers. Bucket type augers are better for direct 
sample recovery since they provide a large volume of 
sample in a short time. When continuous flight augers 
are used, the sample can be collected directly from the 
flights. The continuous flight augers are satisfactory 
for use when a composite of the complete soil column 
is desired. Post-hole augers have limited utility for 
sample collection as they are designed to cut through 
fibrous, rooted, swampy soil and cannot be used 
below a depth of three feet. 

The following procedure will be used for collecting 
soil samples with the auger: 

1. Attach the auger bit to a drill rod extension, 
and attach the "T" handle to the drill rod. 

2. Clear the area to be sampled of any surface 
debris (e.g., twigs, rocks, litter). It may be 
advisable to remove the first three to six 
inches of surface soil for an area 
approximately six inches in radius around the 

drilling location. 

3 .  Begin augering, periodically removing and 
depositing accumulated soils onto a plastic 
sheet spread near the hole. This prevents 
accidental brushing of loose material back 
down the borehole when removing the auger 
or adding drill rods. It also facilitates 
refilling the hole, and avoids possible 
contamination of the surrounding area. 

After reaching the desired depth, slowly and 
carefully remove the auger from boring. 
When sampling directly from the auger, 
collect the sample after the auger is removed 
from the boring and proceed to Step 10. 

Remove auger tip from drill rods and replace 
with a pre-cleaned thin wall tube sampler. 
Install the proper cutting tip. 

Carefully lower the tube sampler down the 
borehole. Gradually force the tube 
samplerinto soil. Care should be taken to 
avoid scraping the borehole sides. Avoid 
hammering the drill rods to facilitate coring 
as the vibrations may cause the boring walls 
to collapse. 

7. Remove the tube sampler, and unscrew the 
drill rods. 

8.  Remove the cutting tip and the core from the 
device. 

9. Discard the top of the core (approximately 
1 inch), as this possibly represents material 
collected before penetration of the layer of 
concern. Place the remaining core into the 
appropriate labeled sample container. 
Sample homogenization is not required. 

10. I f  volatile organic analysis is to be 
performed, transfer the sample into an 
appropriate, labeled sample container with a 
stainless steel lab spoon, or equivalent and 
secure the cap tightly. Place the remainder 
of the sample into a stainless steel, plastic, or 
other appropriate homogenization container, 
and mix thoroughly to obtain a homogenous 
sample representative of the entire sampling 
interval. Then, either place the sample into 
appropriate, labeled containers and secure the 



caps tightly; or, if composite samples are to 
be collected, place a sample from another 
sampling interval into the homogenization 
container and mix thoroughly. 

When compositing is complete, place the 
sample into appropriate, labeled containers 
and secure the caps tightly. 

I I. If another sample is to be collected in the 
same hole, but at a greater depth, reattach the 
auger bit to the drill and assembly, and 
follow steps 3 through I I, making sure to 
decontaminate the auger and tube sampler 
between samples. 

12. Abandon the hole according to applicable 
State regulations. Generally, shallow holes 
can simply be backfilled with the removed 
soil material. 

7.2.3 Sampling at Depth with a Trier 

The system consists of a trier, and a "T" handle. The 
auger is driven into the soil to be sampled and used to 
extract a core sample from the appropriate depth. 

The following procedure will be used to collect soil 
samples with a sampling trier: 

1. Insert the trier (Figure 2, Appendix A) into 
the material to be sampled at a OD to 45' angle 
from horizontal. This orientation minimizes 
the spillage of sample. 

2. Rotate the trier once or twice to cut a core of 
material. 

3 .  Slowly withdraw the trier, making sure that 
the slot is facing upward. 

4. If volatile organic analysis is to be 
performed, transfer the sample into an 
appropriate, labeled sample container with a 
stainless steel lab spoon, or equivalent and 
secure the cap tightly. Place the remainder 
of the sample into a stainless steel, plastic, or 
other appropriate homogenization container, 
and mix thoroughly to obtain a homogenous 
sample representative of the entire sampling 
interval.   hen, either place the sample into 
appropriate, labeled containers and secure the 

caps tightly; or, if composite samples are to 
be collected, place a sample from another 
sampling interval into the homogenization 
container and mix thoroughly. When 
compositing is complete, place the sample 
into appropriate, labeled containers and- 
secure the caps tightly. 

7.2.4 Sampling at Depth with a Split 
Spoon (Barrel) Sampler 

The procedure for split spoon sampling describes the 
collection and extraction of undisturbed soil cores of 
18 or 24 inches in length. A series of consecutive 
cores may be extracted with a split spoon sampler to 
give a complete soil column profile, or an auger may 
be used to drill down to the desired depth for 
sampling. . The split spoon is then driven to its 
sampling depth through the bottom of the augured 
hole and the core extracted. 

When split spoon sampling is performed to gain 
geologic information, all work should be performed in 
accordance with ASTM D 1586-67 (reapproved 
1974). 

The following procedures will be used for collecting 
soil samples with a split spoon: 

1. Assemble the sampler by aligning both sides 
of barrel and then screwing the drive shoe on 
the bottom and the head piece on top. 

2. Place the sampler in a perpendicular position 
on the sample material. 

3 .  Using a well ring, drive the tube. Do not 
drive past the bottom of the head piece or 
compression of the sample will result. 

4. Record in the site logbook or on field data 
sheets the length of the tube used to penetrate 
the material being sampled, and the number 
of blows required to obtain this depth. 

5. Withdraw the sampler, and open by 
unscrewing the bit and head and splitting the 
barrel. The amount of recovery and soil type 
should be recorded on the boring log. If a 
split sample is desired, a cleaned, stainless 
steel knife should be used to divide the tube 
contents in half, longitudinally. This sampler 



is typically available in 2 and 3 112 inch 
diameters. However, in order to obtain the 
required sample volume, use of a larger 
barrel may be required. 

6. Without disturbing the core, transfer it to 
appropriate labeled sample container(s) and 
seal tightly. 

7.2.5 Test PitITrench Excavation 

These relatively large excavations are used to remove 
sections of soil, when detailed examination of soil 
characteristics (horizontal, structure, color, etc.) are 
required. It is the least cost effective sampling 
method due to the relatively high cost of backhoe 
operation. 

The following procedures will be used for collecting 
soil samples from test pitttrench excavations: 

stainless steel lab spoon, or equivalent and 
secure the cap tightly. Place the remainder 
of the sample into a stainless steel, plastic, or 
other appropriate homogenization container, 
and mix thoroughly to obtain a homogenous 
sample representative of the entire sampling 
interval. Then, either place the sample into 
appropriate, labeled containers and secure the 
caps tightly; or, if composite samples are to 
be collected, place a sample from another 
sampling interval into the homogenization 
container and mix thoroughly. When 
compositing is complete, place the sample 
into appropriate, labeled containers and 
secure the caps tightly. 

6. Abandon the pit or excavation according to 
applicable state regulations. Generally, 
shallow excavations can simply be backfilled 
with the removed soil material. 

1. Prior to any excavation with a backhoe, it is 8.0 CALCULATIONS 
important to ensure that all sampling 
locations are clear of utility lines, subsurface This section is not applicable to this SOP. 
pipes and poles (subsurface as well as above 
surface). 9.0 QUALITY ASSURANCE1 

2. Using the backhoe, a trench is dug to 
QUALITY CONTROL 

approximately three feet in width and There are no specific quality assurance (QA) activities 
approximately one foot below the cleared which apply to the implementation of these 
sampling location. Place excavated soils on procedures. However, the following QA procedures 
plastic sheets. Trenches greater than five 
feet deep must be sloped or protected by a apply: 

shoring system, as required by OSHA 1. All data must be documented on field data 
regulations. sheets or within site logbooks. 

3. A shovel is used to remove a one to two inch 
layer of soil from the vertical face of the pit 
where sampling is to be done. 

4. Samples are taken using a trowel, scoop, or 
coring device at the desired intervals. Be 
sure to scrape the vertical face at the point of 
sampling to remove any soil that may have 
fallen from above, and to expose fresh soil 
for sampling. In many instances, samples 
can be collected directly from the backhoe 
bucket. 

2. All instrumentation must be operated in 
accordance with operating instructions as 
supplied by the manufacturer, unless 
otherwise specified in the work plan. 
Equipment checkout and calibration 
activities must occur prior to 
samplingloperation, and they must be 
documented. 

10.0 DATA VALIDATION 

This section is not applicable to this SOP. 

5. If volatile organic analysis is to be 
performed, transfer the sample into an 
appropriate, labeled sample container with a 



11.0 HEALTH AND SAFETY 

When working with potentially hazardous materials, 
follow U.S. EPA, OHSA and corporate health and 
safety procedures. 

12.0 REFERENCES 

Mason, B.J., Preparation of Soil Sampling Protocol: 
Technique and Strategies. 1983 EPA-60014-83-020. 

Barth, D.S. and B.J. Mason, Soil Sampling Quality 
Assurance User's Guide. 1984 EPA-60014-84-043. 

U.S. EPA. Characterization of Hazardous Waste Sites 
- A Methods Manual: Volume 11. Available 
Sampling Methods, Second Edition. 1984 EPA- 
60014-84-076. 

de Vera, E.R., B.P. Simmons, R.D. Stephen, and D.L. 
Storm. Samplers and Sampling Procedures for 
Hazardous Waste Streams. 1980 EPA-60012-80-018. 

ASTM D 1586-67 (reapproved 1974), ASTM 
Committee on Standards, Philadelphia, PA. 
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Nwth Wind SURFACE WATER SAMPLING 
Remediation Services, L LC 

SOP#: 20 13 
DATE: 1 1/17/94 

REV. #: 0.0 

1.0 SCOPE AND APPLICATION 

This standard operating procedure (SOP) is applicable 
to the collection of representative liquid samples, both 
aqueous and non-aqueous from streams, rivers, lakes, 
ponds, lagoons, and surface impoundments. It 
includes samples collected from depth, as well as 
samples collected from the surface. 

These are standard (i.e., typically applicable) 
operating procedures which may be varied or changed 
as required, dependent upon site conditions, 
equipment limitations or limitations imposed by the 
procedure or other proccdure limitations. In all 
instances, the ultimate procedures employed should be 
documented and associated with the final report. 

Mention of trade names or commercial products does 
not constitute U.S. Environmental Protection Agency 
(EPA) endorsement or recommendation for use. 

2.0 METHOD SUMMARY 

Sampling situations vary widely, therefore, no 
universal sampling procedure can be recommended. 
However, sampling of both aqueous and non-aqueous 
liquids from the above mentioned sources is generally 
accomplished through the use of one of the following 
samplers or techniques: 

Kemmerer bottle 
Bacon bomb sampler 
Dip sampler 
Direct method 

These sampling techniques will allow for the 
collection of representative samples from the majority 
of surface waters and impoundments encountered. 

3.0 SAMPLE PRESERVATION, 
CONTAINERS, HANDLING, 
AND STORAGE 

Once samplcs have been collected, the following 
procedure should be followed: 

I .  Transfer the sample(s) into suitable, labeled 
sample containers. 

2. Preserve the sample if appropriate, or use 
pre-preserved sample bottles. Do not overfill 
bottles if they are pre-preserved. 

3. Cap the container, place in a ziploc plastic 
bag and cool to 4.C. 

4. Record all pertinent data in the site logbook 
and on field data sheets. 

5 .  Complete the Chain of Custody record. 

6. Attach custody seals to cooler prior to 
shipment. 

7. Decontaminate all sampling equipment prior 
to the collection of additional samples with 
that sampling device. 

4.0 I N T E R F E R E N C E S  AND 
POTENTIAL PROBLEMS 

There are two primary interferences or potential 
problems with surface water sampling. These include 
cross contamination of samples and improper sample 
collection. 



1 .  Cross contamination problems can be 
eliminated or minimized through the use of 
dedicated sampling equipment. If this is not 
possible or practical, then decontamination of 
sampling equipment is necessary. Refer to 
the Sampling Equipment Decontamination 
SOP. 

2. Improper sample collection can involve using 
contaminated equipment, disturbance of the 
stream or impoundment substrate, and 
sampling in an obviously disturbed area. 

Following proper decontamination procedures and 
minimizing disturbance of  the sample site will 
eliminate these problems. 

Equipment needed for collection of surface water 
samples may include (depending on technique 
chosen): 

Kemmerer bottles 
Bacon bomb sampler 
Dip sampler 
Line and messengers 
Sample bottleslpreservatives 
Ziploc bags 
Ice 
Coolers 
Chain of  Custody records, custody seals 
Field data sheets 
Decontamination equipment 
Mapslplot plan 
Safety equipment 
Compass 
Tape measure 
Survey stakes, flags, or buoys and anchors 
Camera and film 
Logbook/waterproof pen 
Sample bottle labels 

6.0 REAGENTS 

Reagents will be utilized for preservation of samples 
and for decontamination of sampling equipment. The 
preservatives required are specified by the analysis to 
be performed. 

7.0 PROCEDURES 

7.1 Preparation 

1. Determine the extent of  the sampling effort, 
the sampling methods to be employed, and 
the types and amounts of  equipment and 
supplies needed. 

2. Obtain the necessary sampling and 
monitoring equipment. 

3. Decontaminate or pre-clean equipment, and 
ensure that it is in working order. 

Prepare scheduling and coordinate with staff, 
clients, and regulatory agency, if appropriate. 

Perform a general site survey prior to site 
entry, in accordance with the site specitic 
Health and Safety Plan. 

6. Use stakes, flagging, or buoys to identify and 
mark all sampling locations. If required the 
proposed locations may be adjusted based on 
site access, property boundaries, and surface 
obstructions. If collecting sediment samples, 
this procedure may disturb the bottom. 

7.2 Representat ive  Sampl ing  
Considerations 

In order to collect a representative sample, the 
hydrology and morphometrics of a stream or 
impoundment should be determined prior to sampling. 
This will aid in determining the presence of phases or 
layers in lagoons, or impoundments, flow patterns in 
streams, and appropriate sample locations and depths. 

Water quality data should be collected in 
impoundments, and to determine if stratification is 
present. Measurements of  dissolved oxygen, pH, and 
temperature can indicate if strata exist which would 
effect analytical results. Measurements should be 
collected at one-meter intervals from the substrate to 
the surface using the appropriate instrument (i.e., a 
Hydrolab or equivalent). 



Water quality measurements such as dissolved 
oxygen, pH, temperature, conductivity, and oxidation- 
reduction potential can assist in the interpretation of 
analytical data and the selection of sampling sites and 
depths when surface water samples are collected. 

Generally, the deciding factors in the selection of a 
sampling device for sampling liquids in streams, 
rivers, lakes, ponds, lagoons, and surface 
impoundments are: 

1.  Will the sample be collected from shore or 
from a boat? 

2. What is the desired depth at which you wish 
to collect the sample? 

3 .  What is the overall depth and flow direction 
of  river or stream? 

4.  What type of  sample will be collected (i.e., 
water or lagoon liquids)? 

7.2.1 Sampler Composition 

The appropriate sampling device must be of  a proper 
composition. Selection of  samplers constructed of 
glass, stainless steel, PVC or PFTE (Teflon) should be 
based upon the analyses to be performed. 

7.3 Sample Collection 

7.3.1 Kemmerer Bottle 

A Kemmerer bottle (Figure 1, Appendix A) may be 
used in most situations where site access is from a 
boat or structure such as a bridge or pier, and where 
samples at depth are required. Sampling procedures 
are as follows: 

1. Use a properly decontaminated Kemmerer 
bottle. Set the sampling device so that the 
sampling end pieces (upper and lower 
stoppers) are pulled away from the sampling 
tube (body), allowing the substance to be 
sampled to pass through this tube. 

2. Lower the pre-set sampling device to the 
predetermined depth. Avoid bottom 
disturbance. 

3 .  When the Kemmerer bottle is at the required 
depth, send down the messenger, closing the 
sampling device. 

4. Retrieve the sampler and discharge from the 
bottom drain the first 10-20 mL to clear any 
potential contamination of the valve. 
Transfer the sample to the appropriate 
sample container. 

7.3.2 Bacon Bomb Sampler 

A bacon bomb sampler (Figure 2, Appendix A) may 
be used in situations similar to those outlined for the 
Kemmerer bottle. Sampling procedures are as 
follows: 

1. Lower the bacon bomb sampler carefully to 
the desired depth, allowing the line for the 
trigger to remain slack at all times. When 
the desired depth is reached, pull the trigger 
line until taut. This will allow the sampler to 
fill. 

2. Release the trigger line and retrieve the 
sampler. 

3. Transfer the sample to the appropriate 
sample container by pulling up on the trigger. 

7.3.3 Dip Sampler 

A dip sampler (Figure 3, Appendix A) is u s e h l  in 
situations where a sample is to be recovered from an 
outfall pipe or along a lagoon bank where direct 
access is limited. The long handle on such a device 
allows access from a discrete location. Sampling 
procedures are as follows: 

1. Assemble the device in accordance with the 
manufacturer's instructions. 

2. Extend the device to the sample location and 
collect the sample by dipping the sampler 
into the substance. 

3 .  Retrieve the sampler and transfer the sample 
to the appropriate sample container. 



7.3.4 Direct Method 10.0 DATA VALIDATION 

For streams, rivers, lakes, and other surface waters, 
the direct method may be utilized to collect water 
samples from the surface directly into the sample 
bottle. This method is not to be used for sampling 
lagoons or other impoundments where contact with 
contaminants is a concern. 

Using adequate protective clothing, access the 
sampling station by appropriate means. For shallow 
stream stations, collect the sample under the water 
surface while pointing the sample container upstream; 
the container must be upstream of the collector. 
Avoid disturbing the substrate. For lakes and other 
impoundments, collect the sample under the water 
surface avoiding surface debris and the boat wake. 

When using the direct method, do not use pre- 
preserved sample bottles as the collection method may 
dilute the concentration of preservative necessary for 
proper sample preservation. 

8.0 CALCULATIONS 

This section is not applicable to this SOP. 

9.0 QUALITY ASSURANCE1 
QUALITY CONTROL 

There are no specific quality assurance (QA) activities 
which apply to the implementation of these 
procedures. However, the following general QA 
procedures apply: 

1. All data must be documented on field data 
sheets or within site logbooks. 

2. All instrumentation must be operated in 
accordance with operating instructions as 
supplied by the manufacturer, unless 
otherwise specified in the work plan. 
Equipment checkout and calibration 
activities must occur prior to 
samplingloperation and they must be 
documented. 

This section is not applicable to this SOP. 

11.0 HEALTH AND SAFETY 

When working with potentially hazardous materials, 
follow U.S. EPA, OSHA and corporate health and 
safety procedures. 

More specifically, when sampling lagoons or surface 
impoundments containing known or suspected 
hazardous substances, adequate precautions must be 
taken to ensure the safety of sampling personnel. The 
sampling team member collecting the sample should 
not get too close to the edge of the impoundment, 
where bank failure may cause himlher to lose hislher 
balance. The person performing the sampling should 
be on a lifeline and be wearing adequate protective 
equipment. When conducting sampling from a boat in 
an impoundment o r  flowing waters, appropriate 
boating safety procedures should be followed. 

12.0 REFERENCES 

U.S. Geological Survey. 1977. National Handbook or 
Recommended Methods for Water Data Acquisition. 
Office of Water Data Coordination Reston, Virginia. 
(Chapter Updates available). 

U.S.  Environmental Protection Agency. 1984. 
Characterization of Hazardous Waste Sites - A 
Methods Manual: Volume 11. Available Sampling 
Methods, Second Edition. EPA/600/4-84-076. 
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WASTE PILE SAMPLING 
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DATE: 1 1 / 17/94 
REV. #: 0.0 

1.0 SCOPE AND APPLICATION 

The objective of this standard operating procedure 
(SOP) is to outline the equipment and methods used in 
collecting representative samples from waste piles, 
sludges or other solid or liquid waste mixed with soil. 

These are standard (i.e., typically applicable) 
operating procedures which may be varied or changed 
as required, dependent on site conditions, equipment 
limitations or other procedure limitations. In all 
instances, the ultimate procedures employed should be 
documented and associated with the final report. 

Mention of trade names or commercial products does 
not constitute U.S. EPA endorsement or  
recommendation for use. 

2.0 METHOD SUMMARY 

Stainless steel shovels, trowels, or scoops should be 
used to clear away surface material before samples are 
collected. For depth samples, a decontaminated auger 
may be required to advance the hole, then another 
decontaminated auger used for sample collection. For 
a sample core, thin-wall tube samplerj or grain 
samplers may be used. Near surfaces, samples can be 
collected with a clean stainless steel spoon or trowel. 

All samples collected, except those for volatile 
organic analysis, should be placed into a Teflon lined 
or stainless steel pail and mixed thoroughly before 
transfer to appropriate sample container. 

3.0 SAMPLE PRESERVATION, 
CONTAINERS, HANDLING, 
AND STORAGE 

Chemical preservation of solids is generally not 
recommended. Refrigeration to 4°C is usually the best 
approach, supplemented by a minimal holding time, 
depending on contaminants of concern. 

Wide mouth glass containers with Teflon lined caps 
are typically used for waste pile samples. Sample 
volume required is a function of the analytical 
requirements and should be specified in the work plan. 

4.0 I N T E R F E R E N C E S  A N D  
POTENTIAL PROBLEMS 

There are several variables involved in waste 
sampling, including shape and size of piles, 
compactness, and structure of the waste material. 
Shape and size of waste material or waste piles vary 
greatly in areal extent and height. Since state and 
federal regulations often require a specified number of 
samples per volume of waste, the size and shape must 
be used to calculate volume and to plan for the correct 
number of samples. Shape must also be accounted for 
when planning physical access to the sampling point 
and the equipment necessary to successfully collect 
the sample at that location. 

Material to be sampled may be homogeneous o r  
heterogeneous. Homogeneous material resulting from 
known situations may not require an extensive 
sampling protocol. Heterogeneous and unknown 
wastes require more extensive sampling and analysis 
to ensure the different components (i.e. layers, strata) 
are being represented. 

The term "representative sample" is commonly used 
to denote a sample that has the properties and 
composition of the population from which' it was 
collected and in the same proportions as found in the 
population. This can be misleading unless one is 
dealing with a homogenous waste from which one 
sample can represent the whole population. 

The usual options for obtaining the most 
"representative sample" from waste piles are simple 
random sampling or stratified random sampling. 
Simple random sampling is the method of choice 
unless: (1) there are known distinct strata; (2) one 
wants to prove or disprove that there are distinct 



strata; or (3) one is limited in the number of samples 
and desires to statistically minimize the size of a "hot 
spot" that could go unsampled. If any of these 
conditions exist, stratified random sampling would be 
the better strategy. 

Stratified random sampling can be employed only i f  
all points within the pile can be accessed. In such 
cases, the pile should be divided into a three- 
dimensional grid system with, the grid cubes should 
be numbered, and the grid cubes to be sampled should 
be chosen by random number tables or generators. 
The only exceptions to this are situations in which 
representative samples cannot be collected safely o r  
where the investigative team is trying to determine 
worst case conditions. 

If sampling is limited to certain portions of the pile, a 
statistically based sample will be representative only 
of that portion, unless the waste is homogenous. 

Waste pile sol~ds include powdered, granular, or block 
materials of various sizes, shapes, structure, and 
compactness. The type of sampler chosen should be 
compatible with the waste. Samplers commonly used 
for waste piles include: stainless steel scoops, 
shovels, trowels, spoons, and stainless steel hand 
augers, sampling triers, and grain samplers. 

Waste pile sampling equipment check list: 

Sampling plan 
Mapslplot plan 
Safety equipment, as specified in the Health 
and Safety Plan 
Compass 
Tape measure 
Survey stakes or flags 
Camera and film 
Stainless steel, plastic, or other appropriate 
homogenization bucket or bowl 
Appropriate size sample jars 
Ziplock plastic bags 
Logbook 
Labels 
Chain of Custody records and seals 
Field data sheets 
Cooler(s) 
Ice 
Decontamination supplieslequipment 

C Canvas or plastic sheet 
C Spade or shovel 
C Spatula 
C Scoop 
C Plastic or stainless steel spoons 
C Trowel 
C Continuous flight (screw) augers 
C Bucket auger 
C Post hole auger 
C Extension rods 
C T-Handle 
C Thin-wall tube sampler with cutting tips 
C Sampling trier 
C Grain sampler 

6.0 REAGENTS 

No chemical reagents are used for the preservation of 
waste pile samples; however, decontamination 
solutions may be required. If decontamination of  
equipment is required, refer to the Sampling 
Equipment Decontamination SOP, and the site 
specific work plan. 

7.0 PROCEDURES 

7.1 Preparation 

I .  Review all information available on the 
waste pile and expected or unknown 
contaminants. 

2. Determine the extent of the sampling effort, 
the sampling methods to be employed, and 
the types and amounts of equipment and 
supplies required. 

3. Obtain necessary sampling and monitoring 
equipment. 

4. Decontaminate or pre-clean equipment, and 
ensure that it is in working order. 

Prepare schedules, and coordinate with staff, 
client, and regulatory agencies, if 
appropriate. 

6. Perform a general site survey prior to site 
entry in accordance with the site specific 
Health and Safety Plan. 

Use stakes or flagging to identify and mark 



all sampling locations. Specific site factors, 
including extent and nature of contaminant 
should be considered when selecting sample 
locations. If required, the proposed locations 
may be adjusted based on site access, 
property boundaries, and surface 
obstructions. 

7.2 Sample Collection 

7.2.1 Sampling with Shovels and Scoops 

Collection of samples from surface portions of the pile 
can be accomplished with tools such as spades, 

- shovels, and scoops. Surface material can be removed 
to the required depth with this equipment, then a 
stainless steel or plastic scoop, or equivalent can be 
used to collect the sample. 

Accurate, representative samples can be collected 
with this procedure depending on the care and 
precision demonstrated by sample team members. 
Use of a flat, pointed mason trowel to cut a block of 
the desired material can be helpful when undisturbed 
profiles are required A stainless steel scoop, lab 
spoon, plastic spoon, or equivalent will suffice in most 
other applications. Care should be exercised to avoid 
the use of devices plated with chrome or other 
materials. Plating is particularly common with 
implements such as garden trowels. 

The follow~ng procedure is used to collect the surface 
samples: 

1. Carehlly remove the top layer of material to 
the desired sample depth with a pre-cleaned 
spade. 

2. Using a pre-cleaned stainless steel scoop, 
plastic spoon, trowel, or equivalent remove 
and discard a thin layer of material from the 
area which came in contact with the spade. 

If volatile organic analysis is to be 
performed, transfer the sample into an 
appropriate, labeled sample container with a 
stainless steel lab spoon, or equivalent, and 
secure the cap tightly. Place the remainder 
of the sample into a stainless steel, plastic, or 
other appropriate homogenization container, 
and mix thoroughly to obtain a homogenous 
sample representative of the entire sampling 
interval. Then, either place the sample into 
appropriate, labeled containers and secure the 

caps tightly; or, if composite samples are to 
be collected, place a sample from another 
sampling interval into the homogenization 
container and mix thoroughly. When 
compositing is complete, place the sample 
into appropriate, labeled containers and 
secure the caps tightly. 

7.2.2 Sampling with Bucket Augers and 
Thin-Wall Tube Samplers 

These samplers consist of a series of extensions, a 
"T" handle, and a bucket auger or thin-wall tube 
sampler (Appendix A, Figure 1). The auger is used to 
bore a hole to a desired sampling depth, and is then 
withdrawn. The sample may be collected directly 
from the bucket auger. If a core sample is to be 
collected, the auger tip is then replaced with a thin- 
wall tube sampler. The sampler is then lowered down 
the borehole, and driven into the pile to the 
completion depth. The sampler is withdrawn and the 
core collected from the thin-wall tube sampler. 

Several augers are available.. These include: bucket, 
continuous flight (screw), and post hole augers. 
Bucket augers are better for direct sample recovery 
since they provide a large volume of sample in a short 
time. When continuous flight augers are used, the 
sample can be collected directly from the flights, 
which are usually at five ( 5 )  foot intervals. The 
continuous flight augers are satisfactory for use when 
a composite of tlie complete waste pile column i s  
desired. Post hole augers have limited utility for  
sample collection as they are designed to cut through 
fibrous, rooted, swampy areas. 

The following procedure will be used for collecting 
waste pile samples with the bucket augers and thin- 
wall tube samplers: 

1 .  Attach the auger bit to a drill rod extension, 
and attach the "T" handle to the drill rod. 

2. Clear the area to be sampled of any surface 
debris. It may be advisable to remove the 
first three to six inches of surface material 
for an area approximately six inches in radius 
around the drilling location. 

3. Begin augering, periodically removing and 
depositing accumulated materials onto a 
plastic sheet spread near the hole. This 
prevents accidental brushing of loose 



material back down the borehole when 
removing the auger or adding drill rod 
extensions. It also facilitates refilling the 
hole, and avoids possible contamination o f  
the surrounding area. 

4. After reaching the desired depth, slowly and 
carefully remove the auger from the 
borehole. When sampling directly from the 
auger, collect the sample after the auger is  
removed from the borehole and proceed to 
Step 10. 

5. Remove auger tip from drill rods and replace 
with a pre-cleaned thin-wall tube sampler. 
Install proper cutting tip. 

6 .  Carefully lower the tube sampler down the 
borehole. Gradually force the tube sampler 
into the pile. Care should be taken to avoid 
scraping the borehole sides. Avoid 
hammering the drill rod extensions to 
facilitate coring as the vibrations may cause 
the borehole walls to collapse. 

7. Remove the tube sampler, and unscrew the 
drill rod extensions. 

8. Remove the cutting tip and the thin-wall tube 
sampler. 

9. Discard the top of  the core (approximately 
one-inch), as this represents material 
collected before penetration of the layer of  
concern. Place the remaining core into the 
appropriate labeled sample container. 
Sample homogenization is not required. 

10. If volatile organic analysis is to b e  
performed, transfer the sample into an 
appropriate, labeled sample container with a 
stainless steel lab spoon, or equivalent and 
secure the cap tightly. Place the remainder 
of the sample into a stainless steel, plastic, or 
other appropriate homogenization container, 
and mix thoroughly to obtain a homogenous 
sample representative of the entire sampling 
interval. Then, either place the sample into 
appropriate, labeled containers and secure the 
caps tightly; or, if composite samples are to 
be collected, place a sample from another 
sampling interval into the homogenization 

container and mix thoroughly. When 
compositing is complete, place the sample 
into appropriate, labeled containers and 
secure the caps tightly. 

11. If another sample is to be collected in the 
same hole, but at a greater depth, reattach the 
bucket auger to the drill and assembly, and 
follow steps 3 through 11, making sure t o  . 

decontaminate the bucket auger and thin-wall 
tube sampler between samples. 

7.2.3 Sampling with a Trier 

This  sampling device consists of a trier, and a 
"T" handle. The trier is driven into the waste pile and 
used to extract a core sample from the appropriate 
depth. 

The following procedure will be used to collect waste 
pile samples with a sampling trier: 

1. Insert the trier (Appendix A, Figure 2) into 
the material to be sampled at a O E  to 45E 
angle from horizontal. This orientation 
minimizes spillage of the sample. Extraction 
of the samples might require tilting of the 
sample containers. 

2. Rotate the trier once or twice to cut a core of 
material. 

3. Slowly withdraw the trier, making sure that 
the slot is facing upward. 

4. If volatile organic analysis is to be 
performed, transfer the sample into a n  
appropriate, labeled sample container with a 
stainless steel lab spoon, plastic lab spoon, or 
equivalent and secure the cap tightly. Place 
the remainder of the sample into a stainless 
steel, plastic, or other appropriate 
homogenization container, and mix 
thoroughly to obtain a homogenous sample 
representative of the entire sampling interval. 
Then, either place the sample into 
appropriate, labeled containers and secure the 
caps tightly; or, if composite samples are  
being collected, place samples from the other 
sampling intervals into the homogenization 
container and mix thoroughly. When 
compositing is complete, place the sample 



into appropriate, labeled containers and 
secure the caps tightly. 

7.2.4 Sampling with a Grain Sampler 

The grain sampler (Appendix A, Figure 3) is used for 
sampling powdered or granular wastes or materials in 
bags, fiber drums, sacks, similar containers or piles. 
This sampler is most useful when the solids are no  
greater than 0.6 cm (114") in diameter. 

This sampler consists of two slotted telescoping brass 
or stainless steel tubes. The outer tube has a conical, 
pointed tip at one end that permits the sampler to 
penetrate the material being sampled. The sampler is 
opened and closed by rotating the inner tube. Grain 
samplers are generally 61 to 100 cm (24 to 40 in.) 
long by 1.27 to 2.54 cm (112 to 1 in.) in diameter and 
are commercially available at laboratory supply 
houses. 

The following procedures will be used to collect waste 
pile samples with a grain sampler: 

1. With the sampler in the closed position, 
insert it into the granular or powdered 
material or waste being sampled from a point 
near a top edge or comer, through the center, 
and to a point diagonally opposite the point 
of entry 

2. Rotate the sampler inner tube into the open 
position. 

3. Wiggle the sampler a few times to allow 
material to enter the open slots. 

4. Place the sampler in the closed position and 
withdraw from the material being sampled. 

5. Place the sampler in a horizontal position 
with the slots facing upward. 

6. Rotate the outer tube and slide it away from 
the inner tube. 

If volatile organic analysis is to be 
performed, transfer the sample into an 
appropriate, labeled sample container with a 
stainless steel lab spoon, plastic lab spoon, or 
equivalent and secure the cap tightly. Place 
the remainder of the sample into a stainless 
steel, plastic, or other appropriate 
homogenization container, and mix 
thoroughly to obtain a homogenous sample 
representative of the entire sampling interval. 
Then, either place the sample into 
appropriate, labeled containers and secure the 
caps tightly; or, if composite samples are to 
be collected, place a sample from another 
sampling interval into the homogenization 
container and mix thoroughly. When 
compositing is complete, place the sample 
into appropriate, labeled containers and 
secure the caps tightly. 

8.0 CALCULATIONS 

This section is not applicable to this SOP. 

9.0 QUALITY ASSURANCE1 
QUALITY CONTROL 

There are no specific quality assurance activities 
which apply to the implementation of these 
procedures. However, the following QA procedures 
apply: 

1 .  All data must be documented on field data 
sheets or within site logbooks. 

All instrumentation must be operated in 
accordance with operating instructions as 
supplied by the manufacturer, unless 
otherwise specified in the work plan. 
Equipment checkout and calibration 
activities must occur prior to 
samplingloperation, and they must be 
documented. 



10.0 DATA VALIDATION 

This section is not applicable to this SOP. 

11.0 HEALTH AND SAFETY 

When working with potentially hazardous materials, 
follow U.S. EPAIOSHA and corporate health and 
safety procedures. 

12.0 REFERENCES 

Test Methods for Evaluating Solids Waste (SW-846), 
Third Edition, Vol. I 1  Field Manual U.S. EPA Office 
of Solid Waste and Emergency Response, 
Washington, D.C. November, 1986. 

Engineering Support Branch Standard Operating 
Procedures and Quality Assurance Manual, U.S. 
Environmental Protection Agency, Region IV, Apri I 
1, 1986. 

Field Sampling Procedures Manual, New Jersey 
Department of Environmental Protection, February, 
1988. 
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FIGURE 3 .  Grain Sampler 
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SAMPLE CONTAINERS, PRESERVATION, AND HOLDING TIMES 

WESTON will be responsible for collecting and preparing samples for shipment, including necessary 

paperwork. WESTON will be responsible for shipping the samples and insuring sample preservation and 

holding time requirements are met. 

SAMPLE CONTAINERS 

All sample containers to be used during the IMWP will be provided by STAT. The laboratory's sample 

container preparation coordinates the assembly and shipment of sample containers, preservatives and 

shipping coolers. The procured sample containers are designated as QC class, which have supporting 

QC documentation for the purity of each container lot. The lot number is labeled for traceability to a 

certificate of analysis. 

SAMPLE CONTAINER PRESERVATION 

STAT will provide the preservatives required for all sampling. STAT uses preservatives that are pre- 

measured reagents and purchased from suppliers. These preservatives are received with QC 

documentation to verify purity. These records are maintained by the laboratory and are available for 

inspection. An identifying lot number is on each preservative to assure traceability. 

SAMPLE VOLUME AND SAMPLE HOLDING TIMES 

Sample volume required for analysis and sample holding time varies by matrix and sample analyses 

required. 

SAMPLE NUMBERING SYSTEM 

The same sample numbering system, developed for confirmation sampling, will also be used for the 

waste characterization sampling. 



DECONTAMINATION PROCEDURES 

To provide accurate and reliable analytical data, a strict decontamination program will be implemented 

during all sampling. All sampling equipment will be decontaminated prior to and subsequent to collecting 

a sample. The procedures listed below will be followed while decontaminating sampling equipment: 

Spray sampling equipment with a non-phosphatic detergent (e.g., Alconox) and tap water solution 

(if necessary, scrub sampling equipment with soft-bristle brushes). 

Rinse equipment with deionized water. 

Allow to air dry or wipe dry with clean paper toweling. 

Wrap sampling equipment in polypropylene sheeting or aluminum foil until its next use. 

During the excavation activities, the bucket of the excavator will be decontaminated between excavation 

areas with pressurized steam cleaners. The decontamination process for heavy equipment, tools, and 

sampling deviceslequipment will be performed in one designated area for the entire field program. The 

wastewater collected during decontamination of sampling equipment will be containerized in 55-gallon 

drums or larger vessels depending on volume. The heavy equipment decontamination will occur on an 

established decontamination pad, which is sloped to a sump to collect runoff. The fluids that collect in the 

sump will also be containerized into 55-gallon drums or larger vessels depending on volume. 

Containerized decontamination fluids will be moved to a designated storage area while awaiting sample 

analytical results and disposal. 

Personal decontamination procedures will be performed near the heavy equipment decontamination area 

or in the boundary between exclusion zones and support zones. Protective clothing will be placed in 

appropriate waste containers and moved to a designated storage area. 

In addition, work site and disposal site decontamination certificates will be submitted to NSWC Crane. A 

decontamination log will also be prepared and maintained for the Site. 



SAMPLE PACKAGING AND SHIPMENT 

Sample packaging and shipping procedures will be based on state and federal DOT regulations and the 

International Air Transport Association Dangerous Goods regulations. The procedures will vary according 

to sample concentrations, type of potential contaminant hazards, and matrix. The procedures have been 

established to provide adequate protection of samples and to minimize potential risk to the public. All 

samples collected will typically be sent within 24 hours of their field collection. The sample container 

exteriors will be cleaned thoroughly and sealed properly in preparation of shipment. 

The following standard procedure will be followed for proper sample handling and shipment when 

samples are to be shipped using a courier service: 

Prepare cooler for delivery by taping the drains of the cooler shut. Affix "This Side Up" arrow 

labels on all four side and "Fragile" labels on at least two sides of each cooler. Place the mailing 

label with laboratory address on top of cooler(s). 

Arrange sample containers in groups by sample number. 

Ensure that all bottle labels are completed correctly. Place clear tape over bottle label to prevent 

moisture accumulation which can cause the label to peel off. 

Determine which samples will be packed into which cooler and complete a chain-of-custody 

(COC) form for each cooler. 

Seal sample containers within plastic zip-lock bags to prevent vermiculite or other inert packing 

material from contacting samples. All containers, regardless of size or type, must be placed 

inside sealed plastic bags (either zip-lock or other type) before packing in vermiculite. 

Place approximately 2 inches of packing material at the bottom of cooler to act as a cushion for 

the sample container. 

Arrange the containers in the cooler so that they do not touch. Fill remaining spaces with packing 

material. The VOC vials should be placed in cooler suspended upright in packing material. 

If ice is required to preserve the samples, cubes should be repackaged in double zip-lock bags or 

other sealed plastic bags and placed within and on top of the packing material. 

Sign the COC form (or obtain signature) and indicate the time and date it was relinquished to the 

express carrier or other courier service, as appropriate. 

Separate copies of COC forms. Seal proper copies within a large zip-lock bag and tape to inside 

lid of cooler. Retain copies of all forms in house. 

Close lid and latch cooler. Secure each cooler using custody seals. The seals are provided by 

the laboratory and operate in one direction only (i.e., when closing or securing) and cannot be 

removed unless they are torn off. A torn seal indicates that the custody of the cooler has been 

broken. Clear tape will be put over the custody seals in at least one full rotation of the cooler. 



Tape cooler shut on both ends, making several complete revolutions with strapping tape. 

Relinquish to the express carrier or other courier service. Retain airbill receipt for project records 

(Note: All samples will be shipped for "NEXT DAY" delivery). 

Telephone laboratory contact and provide them with the following shipment information: 

- Your name, address, and telephone number 

- Project name 

- Number of samples sent, according to matrix and concentration 

- Airbill number and name of carrier 

- Anticipated package arrival time 

- Analytical requirements of the shipment. 

Where local personnel are to pick up samples and directly deliver samples to the laboratory, samples only 

need to be firmly secured and have proper COC guidelines followed. 



TRANSPORTATION AND OFFSITE DISPOSAL 

All transport and disposal activities will be conducted in accordance with federal, state, and local 

regulations. All containers will be marked and labeled in accordance with DOT regulations (49 Code of 

Federal Regulations [CFR] 172), as necessary. Each container will also be affixed with a placard 

designating the type of waste, as applicable. All appropriate manifestslwaste receiptslshipment and 

delivery certificates will accompany the containers, as necessary, and will be submitted to NSWC Crane. 

The following disposal sites for waste will be used: 

Soil waste containing pesticides less than LDR: EQ-Wayne Disposal Landfill 

Soil wastecontaining pesticides greater than LDR: Clean Harbors Lambton (Sarnia) Landfill 

Soil waste containing TSCA level PCBs: EQ-Wayne Disposal Landfill 

Soil containing no TSCA or RCRA hazardous waste (non-hazardous): Veolia Blackfoot Landfill 

Non-hazardous, non-TSCA water: Ecological Systems. Inc. wastewater treatment plant. 

Prior to the transportation of waste offsite, the following decontamination procedures will be conducted: 

Visually inspect all vehicles, equipment, and containers leaving the work site for proper 

decontamination - Prepare and maintain a written decontamination log. 

Prior to the transportation of waste off site, the following procedures will be conducted: - lnspect and document all vehicles and containers for proper operation and covering 

Inspect all vehicles and containers for proper markings, manifest documents, and other 

requirements for waste shipment. 

September 2008 
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I .  PURPOSE - In this method, samples are first subjected to an alkaline hydrolysis. The sample is extracted 
while alkaline to remove extraneous materials. It is then acidified, fonning the less polar species, which are 
extracted into ethyl ether. The extracts are derivatized with diazomethane and the methyl esters are isolated 
for analysis by GCIECD. 

2. SAFETY - During the conduct of this method, the extractionist will be exposed to a variety of reagent 
chenricals and solvents. The heaith effects of these various chemicais may be ascertained by reading tihe 
material safety data sheets (MSDS) available in the general files. Additionally, the samples, by their very 
nature, may contain significant levels of hazardous materials. It is incumbent on each extractionist to 
exercise due care and caution executing this method. The company will provide any protective equipment or 
clothing needed to assure employee safety. 

3. DEFINITIONS 
Method Blank - An analytical control consisting of all reagents and surrogate standards that is carried 
throughout the entire analytical procedure. The method blank is used to define the level of laboratory, 
background, and reagent contamination. 

Method Blank Spike - An analytical control consisting of all reagents, target analytes, and surrogate 
sta~ldards that is carried througl~out the entire analytical procedure. 

Matrix Spike -Aliquot of a matrix spiked with known quantities of specific coinpounds and subjected to the 
entire analytical procedure in order to indicate the appropriateness of the method for the matrix by measuring 
recovery. 

Matrix Spike Duplicate - h second aliquot cf  the same matrix as the nztrix spike that is spiked in order to 
determine the precision of the method. 

Surrogates - Compounds added to each blank, bIank spike, sample, matrix spike and spike duplicate to 
evaluate analytical efficiency by measuring recovery. 

4. MATERIALS 

4.1. All reagents are to be AR grade or better. 

4.2. All solvents are to be distilled in glass unless otheiwise noted. 

4.3 The following special reagents should be prepared: 

4.3. I .  37% Potassiu~n Hydroxide - prepared by dissolving 370 grarlw potassium hydroxide pe!!et,s: and 
diluting to one liter with DIW. 

4.3.2. Concentrated Sulfuric Acid 

4.3.3. 10% FIydrochloric Acid - measure 100 mL concentrated hydrochloric acid and dilute to 1000 
mL with DIYr. Note: Observe proper acid preparation techniques. 

4.3.4. Anhydrous Sodium Sulfate - prepared by muffling AR grade sodium sulfate for four llours at 
400°C. 

4.3.5. Acidified Sodium Sulfate - Weigh the muffled anhydrous sodium sulfate in 100 gram 
increments into a suction flask. Cover the sodium sulfate with ethyl ether containing 0.1 mL 
concentrated sulfui-ic acid for each I00 g increment. Swirl the slurry for about two minutes 
then stopper the flask and apply an aspirator vacuuln until the ether is completely removed . 
Place on a steam bath in a hood to assure that all ether is evaporated. Store in a closed bottle. 

4.3.6. 10 M Potassium Hydroxide - prepared by dissolving 56.1 grams potassium hydroxide pellets 
and diluting to 100 mL with DIW. 
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4.3.7. Diethylene Glycol Monoethyl Ether (Carbitol) - (Sigma - catalog # D-1265) 

4.3.8. DiazaldB (Aldrich - catalog # D2,SOO-0). 

3.3.9. Activated Silicic Acid - activate 100 mesh silicic acid powder by heating for 16 hours at 130°C. 

4.3. i 6. Surrogate soluiion prepared in methanol: 

I 2,J-Dichlorophenyl Acetic Acid 1-1 
4.3.11. Matrix Spiking solution prepared in methanol: 

1 Dichloroprop IO.SpdmL 1 

2,4,5-TP 
2,4,5-T 
Dicatnba 
Dinoseb 
Picloram 

Dalapon ( 0.8 p&mL 
MCPP 1 400 u ~ / m L  

0.6 pg/mL 
0.8 pg/nlL 
0.8 pg/niL 
0.8 pg/mL . 

0.8 pg/nlL 

1 MCPA 1 400 pg/mL 1 
4.3.12. By request: Matrix Spiking solution for PCP and HCP prepared in methanol: 

I Pe!?tlch!ompheno! 
Hexachlorophene 

4.3.13. By reques!: Matrix Spikhlg solutior? for Appendix IX prepared in methano!: 

5. EQUIPMENT 

2,4,5-Tlr 
2,4,5-T 
Dinoseb 
2,4-D 
Hexachlorophene 

5.1. Organotnations Assoc., lnc. - N-EVAP, (nitrogen evaporator), Model 1 12 

0.8 plr/mL I 

0.8 p g / d  
0.8 pg/mL 

0.S j l l  
, 0.5 pg/mL , 

5.2. Standard laboratory glassware to include: 

5.2.1. 40 n L  Teflon culture tubes 

5.2.2. 16 x 100 mm culture tubes 

5.3. All glassware to be used shall be rinsed in the following manner: 

5.3.. 1. 10% hydrochloric acid 

5.3.1. Reagent grade acetone 

5.4. Volumetric measurements are to be ~nade with a calibrated fixed or adjustable volume inicrodispenser 
and individually calibrated vials. 
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6. SAMPLE COLLECTION 61 PRESERVATION - Samples are normally collected in glass containers with 
Teflon-lined caps. All samples and sample extracts are stored at 4OC + 2OC. Soil sanlples :cus! be extracted 
within 14 days of collection. 

7. POLLUTION PREVENTION 6r WASTE I\,lANAGERIENT - Sample extracts, standards and solvent 
rinses are disposed of by depositing them in the hazardous waste container located ir: the solvent locker. 
7 .  MIaste segregation and disposal from the point oicoliection is filrther covercd in iTi-200i. 

8. PERSONSEL QUALIFICATIONS - This method is restricted to use by, or under the supervision of, 
experienced chemisl/extractionists who have demonstrated the ability to perform the described extraction 
procedures and techniques. 

9. QUALITY CONTROL - The normal level of quality control will consist of blank, blank spike, matrix spike 
and matrix spike duplicate (MS and MSD). This is performed on a per batch basis to include no more than 20 
san~ples. The level of  quality control will be indicated to the extractionist at the time the job is assigned. 
These sainples senre to provide a measure of the recovery eficiency for the analyte and to provide data for 
statistical evaluation of the sample. In those instances that a client requires additional or different quality 
control measures, the extractionist will be directed accordingly in writing. 

10. METHODOLOGY 

10.1, Sample Extraction: 

10.1.1. Mix the sample thoroughly in its original container if there is space available, othenvise mix in 
solvent rinsed aluminum tray. 

10.1.2. Weigh 15.0 grams of  soil (wet weight) into an Tefion culture tube. Cover sample wit11 DIW. 

10.1.3. Prepare two additional aliquots of one sample, randomly selected or client designated, if quaIity 
control is required. 

10.1.4. Prepare a blank and a blank spike with 10 mL. D W  

10.1.5. Pipet 100 tll surrogate solution into each tube, 

10.1.6. Pipet 500 p1 matrix spiking solution into each QC tube. 
(PCPIHCP: 250 p1) 

lC.1.7. Pipe: 1.C mL 37% p ~ ~ ~ s i u i i i  hyciimide i i i c ~  each sulkire i;.iLe, mi:.: and loosdy ctip with Tcfloii 
screw cap. 

10.1.8. Immerse tubes in a 60-65°C water bath for a minirnuin of 90 minutes. 

10.1.9. Remove from bath and cool to rooill temperature. 

10.1.10. Add 6-7 ml, ethyl ether to each culture tube, cap tightly and shake for two minutes. Sonicate in 
water bat11 for 5-10 minutes. If emulsions occur, centrifuge tubes. 

10.1.1 1. Draw off and discard ether layer. 

10.1.12. Repeat from 10.1.10. two additional times using 3 mL ethyl ether. 

10.1.13. Adjust p ~ t o  <2 by slowly adding 500p1 concentrated sulfuric acid to each tube. Mix and 
check pH. 

10.1.14. Repeat 10.1.10 three tiines using 3 rnL ethyl ether and save ether into a 16 x 100 culture tube. 
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10.2. Dehydration of the extract: 

10.2.1. Adjust volume to 5-6 mL in the nitrogen blowdown. 

10.2.2. Add 3 grn of acidified sodium sulfate to each tube, cap and shake. 

- - 
1u.2.3. Tap the tubes to seitle tile sodiiim siiifaie aiid jet stand at least 60 minutes and mzy stand 

overnight. 

10.2.4. Transfer ether extract to 16 1; I00 culture tube. 

10.2.5. Add 1-2 mL ether to acidified sodium sulfate, cap and shake to break up sodium sulfate. 

10.2.6. T~ansfer ritise to tube containing the ether extract. 

10.2.7. Repeat from 10.2.5. two additional times. 

10.2.8. Gently reduce the volume to approx. I mL in the nitrogen blowdown. 

10.2.9. Bring to 2.0 lnL wit11 ethyl ether. 

10.3. Derivatization: 

10.3.1. To tube A (the first tube in the train), add 1.0 mL methanol, and bring to 8.0 mL with ethyl 
ether. 

16.3.2. To b b c  B add: 

10.3.2.1. 2.0 mL 10 M potassjuln hydroxide 

10.3.2.2. I .4 n1L Carbitol (diethylene glycol n~onoethyl ether) 

10.3.3. Place 10 pl micro-pipet in  each sample tube from 10.2.9. 

10.3.4. Connect nitrogen line to the apparatus and regulate so that tube A bubblcs actively but not 
violently. 

10.3.5. Add 2 scoops (approximately 0.1-0.2 grams) of Diazald and 1.4 mL ethyl ether to tube B. 
Stopper, connecting hlbe A t,o tube R. 

10.3.6. Bubble the generated diazomethane into the sample tube for 90 seconds. (Extract will turn 
bright yellow.) 

10.3.7. Let extract stand for 15 minutes. 

10.3.5. Add 0.1 - 0.2 gm. activated silicic acid to each culture tube. Allow to stand until evolution of 
nitrogen gas has stopped. This may take several hours and may be stored overnight. 

10.3.9. Adjust the final volume to 5.0 1nL (as compared to a measured volume) with hexane and 
centrifuge. 

10.3.10. Label the extract and deliver to 940. 

10.3.1 1. Co~i~plete all the necessary papelwork and bench sheet Bench sheet should include bottle #, 
extraction solvent and final solvent lot #s, start and completion (to 940) date and time and 
extract location. Place folder in GC room extraction folder box.The file folder color will be 
yellow, and the blank narne will be G H B . S L - .  
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11. TROUBLESHOOTING - Please refer to Organic Extractions Troubleshooting Manual for detailed 
instructions on troubleshooting. 

12. REFERENCES - Tne r'oilowing USEPA methods are the officjal nlerhods on which rhis Laucks Testing 
Laboratory method is based. The primary methods are those which most closely parallel the Laucks 
procsdxe and are referenced by their USEPA series and number. !n those instances for which there are no 
official EPA methods, the most suitabie reference is given under the misceiianeous references section. Tne 
additional reference section cites those methods which contain additional information. These methods will 
frequently be official methods, which apply in part to, or support the Laucks method. 

PRIMARY REFERENCES: 

Test Methods for Evaluating Solid Waste, USEPA, SW-846. 

3550C (2001), 8151A (1996) 
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1. PURPOSE - In this method, diesel and residual range total petroleum hydrocarbons are extracted from soils with 
niethylene chloride. The extract is dried and concentrated in a Kuderna-Danish (K-D) apparatus. The extract is then 
screened by GC using a flame ionization detector (FID). This method also includes Low Concentration and silica gel 
cleanup. 

2. SAFETY - During the conduct of this method, the extractionist will be exposed to a number of reagent chemicals and 
solvents. The hcaltll efiEects of :hese various cheinicals may be ascertiined by reading the material safety data sheets 
(MSDS) available in the general files. Additionally, the samples, by their very nature may contain significant levels of 
hazardous materials. It is incumbent on each extractionist to excrcise due care and caution executing this method. 
The company will provide any protective equipment or clothing needed to assure employee safety. 

3. DEFINITIONS 
Method Blank - An analytical control consisting of all reagents and surrogate standards that is carricd throughout the 
entire analytical procedure. The method blank is used to define the level of laboratory, background, and reagent 
contamination. 

Method Blank Spike - An analytical control consisting of aU reagents, target analytes, and surrogate standards that is 
carried throughout the entire analytical procedure. 

Matrix Spike - Aliquot of a matrix spiked with known quantities of specific compounds and subjected to the entire 
analytical procedure in order to indicate the appropriatcness of the method for the matrix by nleasuring recovery. 

Matrix Spike Dupliczte - A second aliquot of the same matrix as the matrix spike tbat is spiked in order io determine 
the precision of the method. 

Surrogates - Compounds added to each blank, blank spike, sample, matrix spike and spike duplicate to evaluate 
analytical efficiency by measuri~g recovery. 

4. REAGENTS 

4.1. All reagents are to be AR grade or better. 

4.2. All solvents are to be distilled in glass, unless otherwise noted. 

4.3. The followiilg special reagents should be prepared: 

4.3.1. Anhydrous sodium sulfate - prepared by muffling AR grade sodium sulfate for four hours at 400°C. 

4.3.2. Accusand - prepared by soxhleti~lg for 8 hours in methylene chloride to remove color, followed by 
muffling for four hours at 400°C. 

4.3.3. Diesel Range (DRO) surrogate solution prepared in methylene chloride: 

4.3.4. 'Diesel Range (DRO) matrix spiking (MS) solution prepared in methylene chloride: 

/ Diesel ( 10,000 pg/mL 1 
4.3.5. Residual Range (RRO) surrogate solution prepared in methylene chloride: 
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4.3.6. Residual Range (RRO) matrix spiking (MS) solution prepared in methylene chloride: 
-- / Motor Oil 1 50,000 pg11nL 1 

5. EQUIPMENT 

5.1. Ojonex Accelerated Solvent Extracior - Model ASE 200 - Maintain per manufacturer's instructions. 

5.1.1. 33 mL sample cells 

5.1.2. Cellulose filters 

5.2. Organomations Assoc., Inc. - N-EVAP, (nitrogen evaporator), Model 1 12 

5.3. Analytichem International - Vac Elut SPS 24 (Vacuum Manifold) 

5.4. Standard laboratory glassware to include: 

5.4.1. 8 ounce extraction bottles 

5.4.2. Small filling funnels 

5.4.3. 60 rnL collection vials 

5.4.4. K-D apparatus: 250 mL K-D flask, I0 mL or 25 mL ampule and three-ball Snyder column. 

5.5. A!] glassware to be rinsed as follou~s, prior to use: 

5.5.1. Technical grade acetone (if the glassware is wet). 

5.5.2. Triple rinsed with methylene chloride. 

5.6. Silica SPE columns with teflon frits (1000 mg) - Restek 

5.7. Volumetric measurements are to be made with 2 calibrated fixed or adjustable volulne microdispenser and 
individually calibrated vials. 

6. SAMPLE COLLECTION & PRESERVATION - Samples are normally collected in glass containers with Teflon- 
lined caps. All samples and sample extracts are stored at 4°C -I. 2°C. Soil samples must be extracted within 14 days of 
collection. 

7. POLLUTION PREVENTION & WASTE MANAGEMENT - Sample extracts, standards and solvent rinses nre 
disposed of by depositing them in the hazardous waste container located i ~ ,  the solven: locker. Waste segregatio~~ and 
disposal from the point of collection is further covered in.LTL-2001. 

8. PERSONNEL QUALIFICATIONS - This method is' restricted to use by, or under the supervision of, expericnced 
chemist/extractionists who have demonstrated the ability to perform the described extraction procedures and 
techniques. 

9 QUALITY CONTROL - The normal level of quality control will consist of blank, blank spike, matrix spike and 
matrix spike duplicate (MS and MSD). This is performed on a per batch basis to include no more than 20 samples. 
The level of quality control will be indicated to the extractionist at the time the job is assigned. These samples serve 
to provide a measure of the recovery efficiency for the analyte and to provide data for statistical evaluation of the 
sample. In those instances that a client requires additional or different quality control measures, the extractionist will 
be directed accordingly in writing. 
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10. METHODOLOGY 

10.1. Sample Extraction 

10.1.1. Mix sample thoroughly in its original container if there is space available otherwise mix in solvent rinsed 
aluminum tray. 

10.1.2. Weigh 10.0 grams of soil (wet weight) into a extraction bottle. 
(Low Conc.: 20.0 grams) 

10.1.3. Prepare two additional aliquots of one san~ple, randomly selected or client designated, if quality control 
is required. Prepare separate MSfMSD for DRO and RKO. 

10.1.4. Add 10 grams sodium sulfate and mix well to give the soil a sandy texture. 

10.1.5. Insert cellulose filter into bottom of sample cell. 

10.1.6. Using a small filling funnel, add approxin~ately one gram sand to bottom of sample cell 

10.1.7. Transfer sample to cell. 

10.1.8. Prepare a blank and a btank spike with sodium sulfate. Prepare a separate blank spike for DRO and 
RRO. 

10.1.9. Pipet 100 pl of DRO andfor RRO surrogate solution to each cell. 
(Low Conc.: 40 p1 of DRO andor 50 pl RRO surrogate solution ) 

10.1.10. Pipet 100 pl of DRO andlor RRO matrix spiking solution to each QC cell. 
(Low Conc.: 50 p1 DRO andor RRO matrix spiking solution.) 

10.1.11. Fill cell to within 1 cm of top with sand or sodium sulfate and cap. 

10.1.12. Fill solvent reservoir with methylene chloride. 

10.1.13. Align trays and start. 

10.2. Solvent dehydration 

10.2.1. Prepare a stainless steel funnel by plugging with glass wool and filling If4 full with sodium sulfate., 

10.2.2. Pre-rinse the sodium sulfate by pnssing 40 n1L methylene chloride through the prepared funnel. 

10.2.3. Pass the extract from 10.1.13. through the funnel and collect in 33 assembled K-D apparatus. 

10.2.4. Rinse the collection vessel with several 10 mL methylene chloride rinses. 

10.2.5: Rinse the sodium sulfate with 25 mL of methylene chloride. 

10.3. Solvent evaporation 

10.3.1. Assemble the full K-D apparatus with a Snyder column prewet wit11 2-3 mL of methylene chIoride. 

10.3.2. Immerse K-D into a hot water bath using a bath temperature of 90DC, with a long an~pule immersed to a 
depth of 8 rnL. Regulate the evaporation time to take approx. 20 minutes. 

10.3.3. Reduce the volume to 4-5 nlL, remove the apparatus from the water bath, and cool to room temperahlre. 
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10.3.4. Rinse joint and remove Snyder column. Allow the rinse solvent to drain into the ampule. 

10.3.5. Remove the ampule clamp and wipe the joint with a Kimwipe. Separate the anipule and rinse the joint 
with a small amount of solvent. 

10.3.6. Reduce the extract volume to less than 4 mL in a nitrogen blowdown. Transfer extract to a 16 x 100 mm 
culture tiik and adjust to s final v~ lume  of 5.0 mL (as compared to a measured volume) with n~etii~lene 
chloride. Proceed to 10.4.9. 

10.3.7. Low Conc.: Reduce the extract volume to less than 2 mL in a nitrogen blowdown. Transfer extract to a 4 
rnL vial and adjust to a final volume of 2.0 mL (as compared to a measured volume) with methylcne 
chloride. Proceed to 10.4.10. 

NOTE: Low Conc.: If client requested cleanup is required, reduce the extract volume 10 -approx. 1 rnL in a 
nitrogen blowdown and proceed to silica gel cleanup. 

10.4. Silica Gel Clean Up (3630C) -Client requested only. 

10.4.1. Attach the vacuum manifold to the vacuum pump with a trap in between. Place a labeled 16 x 100 nim 
culture tube in the proper collection slot. Secure the manifold with the straps and move the manifold to 
the waste position. Adjust the vacuum pressure in the manifold to between five and ten pounds of 
vacuum. 

10.4.2. Place one silica column into the vacuum manifold. 

10.4.3. Start the vacuum and prewet the column with methylene chloride by passing at least 5 nlL through the 
column. Do not al!ow the columr. to go dry after wetting. 

10.4.4. Release the vacuum, and move the manifold to the collect position. 

10.4.5. Add 1.0 mL extract from 10.3.6. or 10.3.7. to the top frit of the silica column. 

10.4.6. Restore the vacuum, and elute the column with 8-9 mL of methylene chloride. Allow the colunln to go 
dry. 

10.4.7. Release the vacuum, and move the manifold to the waste position. Remove and discard the used silica 
column. 

10.4.8. Reduce the extract volume to less than 1 mL in a nitrogen blowdown. Transfer extract to a 1.8 mL vial 
tube and adjust to I .O mL. (Final volume will be recorded as 5.0 mnL.) Low Conc. final volurne is 
adjusted to 2.0 tnL in methylene chloride (as compared to a measured volume). 

10.4.9. Label the extract and deliver to 940. 

10.4.10. Complete all paperwork and bench sheet. Bench sheet should include bottle #, extraction solvent and 
final solvent lot #s, sodium sulfate lot #, cleanup method # if indicated, silica lot #, start and completion 
(to 940) date and time and extract location. Place folder in GC room extraction folder box. The file 
folder color will be green and the blank name will be .GSV.SL-. 

1 I .  TROUBLESHOOTING - Please refer to Organic Extractions Troubleshooting Manual for detailed instructions on 
troubleshooting. 
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REFERENCES - The following USEPA methods are the official methods on which this Laucks Testing Laboratory 
method is based. The primary methods are those which most closely parallel the Laucks procedure and are referenced 
by their USEPA series and number. In those instances for which there are no official EPA methods, the most suitable 
reference is given under the miscellaneous references section. The additional reference section cites those methods 
which contain additional information. These methods will frequently be official methods, which apply in part to, or 
support the Laucks method. 

PRIMARY REFERENCES: 

Test Methods for Evaluating Solid Waste, USEPA, SW-846. 
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PURPOSE - In this method organochlorine pesticides and polychlorinated biphenyls are extracted from neutral soil 
with a mixture of methylene chloride and acetone. The extract is dehydrated and concentrated in a Kuderna-Danish 
(K-D) apparatus. PesticideRCB extracts are GPC cleaned prior to analysis by GC. The PCB only extracts are 
sulfuric acid cleaned prior to analysis by GC. 

SAFETY - During the cotnduct of this mehod, the analyst will be exposed to a vsriety of reagenr ci-lemicais and 
solvents. The health effects of these various chemicals may be ascertained by reading the material safety data sheets 
(MSDS) available in the general files. Additionally, the samples, by their very nature, may contain significant levels 
of hazardous materials. It is incumbent on each analyst to exercise due care and caution executing this method. The 
company will provide any protective equipment or clothing needed to assure employee safety. 

DEFINITIONS 
Method Blank - An analytical control consisting of all reagents and surrogate standards that is carried throughout the 
entire analytical procedure. The method blank is used to define the level of laboratory, background; and reagent- 
contamination. 

Method Blank Spike - An analytical control consisting of all reagents, target analytes, and surrogate standards that is 
carried throughout the entire analytical procedure. 

Matrix Spike - Aliquot of a matrix spiked with known quantities of specific compounds and subjected to the .entire 
analytical procedure in order to indicate the appropriateness of the method for the matrix by measuring recovery. 

Matrix Spike Duplicate - A  second aliquot of the same matrix as the matrix spike that is spiked in order to determine 
the precision of the method. 

Snrrcgztes - Compounds added to each blank, blank spike, sample, inatiix spike and spike duplicate io evaluaie 
a~ialytical efficiency by measuring recovery. 

2EAGErflS 

4.1. Ali reagenrs src t~ be AX gisde or better. 

4.2. All solvents are to be distilled in glass, unless otherwise noted. 

4.3. The following special reagents should be prepared: 

4.3.1. 1:l methylene chloridelacetone (v/v)- prepared by mixing equal volumes of the solvents. 

4.3.2. Anhydrous sodium sulfate - prepared by muffling AR grade sodium sulfate for four hours at 400°C. 

4.3.3. Concentrated Sulfuric Acid 

4.3.4. Accusand - prepared by soxhleting for 8 hours in methylene chloride to remove color, followed by 
muffling for four hours at 400°C. 

4.3.5. Surrogate solution prepared in acetone: 

4.3.6. Pesticide matrix spiking solution prepared in acetone: 

r~ 

Decachlorobiphenyl 
P 1 .o pg/rnL 

1 .O pg/mL 
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4.3.7, PCB (AR1660) matrix spiking solution prepared in acetone: 

Endrin Ketone 
gamma-BHC 
gamma-Chlordane 
Heptachlor 
Heptacblor epoxide 
Methoxychlor 

2.0 i.lglmL 
1 .O pglmL 
1.0 pg/n~L 
1.0 pg/mL 
1 .O pg/mL 
10 &nzL 

Additional matri-x spiking solutions such as Toxaphene, Chlordane and other koclors  available on 
request. 

Aroclor 10 16 

Aroclor 1260 

5. EQUIPMENT 

25 pdmL 

25 pg/mL 

5.1. Dionex kcceierased Sojvent Extractor - Model ASE 200 - Maintain per manufacturer's instructions. 

5.1.1. 33 mL sample cells 

5.1.2. Cellulose filters 

5.2. Analytical Biochemical Laboratories, Inc. (ABC) Model 1002B or Model 1000 Gel-Permeation Chromatography 
(GPC) 

5.3. Organo~nations Assoc., Inc. - N-EVAP (nitrogen evaporator), Model 112 

5.4. Stzndard 1abora:ory glassware ta i~clude: 

5.4.1. 8 ounce extraction bottles 

5.4.2. Small filling funnels 

5.4.3. 60 mL collection vials 

5.4.4. K-D apparatus: 250 mL K-D flask, 10 mL or 25 mL ampule and three-ball Snyder column. 

5.5. All glassware and sample cells to be rinsed as follows, prior to use: 

5.5.1. Technical grade acetone (if the glassware is wet). 

5.5.2. Triple rinsed with methylene chloride. 
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5.6. Volumetric measurements are to be made with a calibrated fixed or adjustable volume microdispenser and 
individually calibrated vials. 

6. SAMPLE COLLECTION & PRESERVATION - Samples are normally collected in glass containers with Teflon- 
lined caps. Al! samples and sample extracts are stored at 4OC + 2OC. Soil samples must be extracted within 14 days of 
colleciion. 

7. POLLUTION PREVENTION & WASTE MANAGEMENT - Sample extracts, standards and solvent rinses are 
disposed of by depositing them in the hazardous waste container located in the solvent locker. Waste segregation and 
disposal from the point of collec tion is further covered in LTL-200 1. 

8. PERSONNEL QUALIFICATIONS - This method is restricted to use by, or under the supervision of, experienced 
chemist/extractionists who have demonstrated the ability to perform the described extraction procedures and 
techniques. 

9. QUALITY CONTROL - The normal level of quality control will consist of blanks, blank spikes, matrix spikes and 
matrix spike duplicates (MS and MSD). This is performed on a per batch basis to include no more than 20 samples. 
The level of quality control will be indicated to the extractionist at the time the job is assigned. These samples serve 
to provide a measure of the recovery efficiency for the analyte and to provide data for statistical evaluation of the 
sample. In those instances that a client requires additionai or different quality control measures, the extractio~ist wi!l 
be directed accordingly in writing. 

At least once every two years, performance of Toxaphene, Chlordane and all Aroclors, excluding 101611260, will be 
demonstrated with a blank spike, matrix spike and matrix spike duplicate (MS and MSD). 

10. METHODOLOGY 

10.1. Sample Extraction 

10.1.1. Mix sample thoroughly in its original container if there is space available otherwise mix in solvent rinsed 
aluminum tray. 

10.1.2. Weigh 15.0 grams of soil (wet weight) into a extraction bottle. 

10.1.3. Prepare two additional aliquots of one sample, randomly selected or client designated, if quality control 
is required. Prepare separate MSlMSD for Pesticides and PCB. 

10.1.4. Add 10 grams sodium sulfate and mix well to give the soil a sandy textnre. 

10.1.5. Insert cellulose filter into bottom of sample cell. 

10.1.6. Gsing a snail filling funnel, d d  approximately one gram sand to bottom of sample cell 

10.1.7. Transfer sample to cell. 

10.1.8. Prepare a blank and a blank spike with sodium sulfate. Prepare separate blank spike for Pesticides and 
PCB. 

10.1.9. Pipet 100 p1 surrogate solution to each cell. 

10.1.10. Pipet 100 pl matrix spiking solution to each QC cell. 

10.1.1 I .  Fill cell to within 1 cm of top with sand or sodium sulfate and cap. 

10.1.12. Fill solvent reservoir with 1:l methylene chloride/acetone. 
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10. I. 13. Align trays and start. 

10.2. Solvent dehydration 

10.2.1. Prepare a stainless steel funnel by plugging with glass wool, and filling 1/4 full with sodium sulfate. 

10.2.2. Pre-rinse the sodium sulfate by passing 40 mL methylene chloride through the prepared funnel. 

10.2.3. Pass the extract from 10.1.13. through the funnel and collect in an assembled K-D apparatus. 

10.2.4. Rinse the collection vessel with several 10 mL methylene chloride rinses. 

10.2.5. Rinse the sodium sulfate with 25 mL of methylene chloride. 

10.3. Solvent evaporation 

10.3.1. Assemble the full K-D apparatus with aknyder column prewet with 2-3 ml of methylene chloride. 

10.3.2. Immerse K-D apparatus into a hot water bath, using a bath temperature of 90°C, with a long ampule 
i~llinersed to a depth of :2 iri.  Regulate the evaporation time to take approx. 30 minutes. 

l0.3.3. Reduce the volume to 4-5 mL, remove the apparatus from the water bath and cool to room temperature. 

NOTE: PCB h l y :  Reduce the vo!ume to 4-5 mL and proceed to solvent exchange, 10.3.8.1. Bring to final 
volume of 5.0 mL in hexane. The solvent exchange step must be tested. Take 1 mL extract, 1 ml sulfuric 
ocid and voitex. G e c k  fs i  volume changes between layers. If exchange is complete, proceed to 10.4. 

10.3.4. Rinse joint and remove Snyder column. Allow rinse solvent to drain into ampule. 

10.3.5. Remove the ampule clamp, and wipe the joint with a Kimwipe. Separate the ampule and rinse the joint 
with a small amount ~f so:veilt. 

10.3.6. PesticidesRCB: Reduce theextract volume to less than 8 mL on a nitrogen blowdown. Transfer extTact 
to a 16 x 100 mm culture tube, and adjust to 10.0 mL intermediate volume (as compared to a measured 
volume) with methylene chloride. 

10.3.7. At this point the extract will be GPC cleaned (3640A) -- see Method # LTL-3692. 

10.3.8. K-D the GPC cleaned extract to 4-5 mL andexchange into hexane as follows: 

10.3.8.1. Add 2-3 mL hexane through the top of the Snyder column while the ampule is still immersed in 
the water bath. Reduce to 4-5 mL. 

10.3.8.2. ~ e p e a t  10.3.8.1. two additional times. 

10.3.9. Remove the apparatus from the water bath and cool to room temperature. 

10.3.10. Rinse joint with hexane and remove Snyder column. Allow rinse solvent to drain into ampule. 

10.3.11. Remove the ampule clamp, and wipe the joint with a Kimwipe. separate the ampule and rinse the joint 
with a small amount of hexane. 

i 

10.3.12. Reduce the extract to lessthan 2 mL in a nitrogen blowdown. Transfer extract to a 4.0 mL vial and . i 

adjust to a final volume of 2.5 rnL (as compared to a measured volume) in hexane. Proceed to 10.4.4. 
PCB only final volume will be 5.0 mL in a 16 x 100 mm culture tube. 
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10.4. Sulfuric Acid Cleanup (3665A) (PCBs only) 

10.4.1. Add 2.0 mL concentrated sulfuric acid and vortex for 30 - 60 seconds. 

10.4.2. Let stand for a few minutes to allow layers to separate. May be centrifuged. 

10.4.3. Label the extract and deliver to 940. 

10.4.4. Complete all necessary paperwork and bench sheet. . Bench sheet should include bottle #, extraction 
solvent and final solvent lot #s, sodium sulfate lot #, cleanup method #, GPC calibration date, start and 
completion (to 940) date and time and extract location. Place folder in GC room extraction folder box. 
The file folder color will be purple and the blank name will be G P X . S L - .  PCB only will be a 
orange folder and the blank name will be G P B . S L - .  

1 1. TROUBLESHOOTING - Please refer to Organic Extractions Troubleshooting Manual for detailed instructions on 
troubleshooting. 

12. REFERENCES - The following USEPA methods are the of'ficial metiiods on which this Laucks Testing Laboratory 
method is based. The primary methods are those which most closely parallel the Laucks procedure and are referenced 
by their USEPA series and number. !n those instances for which there are no official EPA methods, the most suitable 
reference is given under the miscellaneous references section. The additional reference section cites those methods 
which contain additional information. These methods will eequently be official methods, which apply in part to, or 
support the Laucks method. 

PRIMARY REFERENCES: 

Test Methods for Evaluating Solid Waste, USEPA, SW-846 
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1. Introduction and Scope 

1.1 Method Description 

1.1.1 Modified SW 80 15B is used in the determination of Diesel Range Organics (DRO) and 
Residual Range Organics (RRO), including jet fuels, in soil, sediment and aqueous 
matrices. Diesel Range Orgafics are defined as the carbon range of C,, to C2, alkanes. 
Residual Range Organics are defined as the carbon range of C,, to C,, alkanes. 

1.1.2 Samples are extracted into solvent, and then analyzed by gas chromatography using a 
single column to separate all sample components using the flame ionization detector 
(FID). Quantitation of the DRO and RRO range organics is accomplished by integrating 
to the baseline as a group, based on the area of the components. 

1.1.3 This method is restricted to use by, or under the supervision of analysts experienced in 
the use of gas chromatography, Flame Ionization Detector (FID), and in the interpretation 
of chromatogran~s. Each analyst performing this method nust have demonstrated the 
ability to perform the described chromatographic analysis and data interpretation. 

1.2.1 This SOP defines the retention time of DRO to be determined by the retention time of C,, 
and C,, alkanes. This is a deviation from the SW 801 5 Method as it defines the retention 
time range of DRO as the retention times of the C,, and C,, alkanes. This deviation is due 
to clieat priference. 

1.3 Interferences 

1.3.1 In cases where samples contain a significant amount of naturally occurring non- 
petroleum organics, which may contribute to interferences, the samples may be cleaned 
with sulfuric acid to assist in the reduction or elimination of the interferences. 

1.3.2 Contamination by canyover can occur when low concentration samples are analyzed 
immediately after a high concentration sample. Whenever an unusually high 
concentration sample is encountered, it should be followed by an injection of a solvent 
blank to check for cross contamination. 

1.4 Sample Collection, Sample Storage, Holding Times 

1.4.1 Waters 

Laucks Testing Luborutories, Inc. 
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1.4.1. I Samples are collected in glass jars with Teflon-lined lids. 

1.4.2 Soils 

1.4.2.1 Soils or sediments may be collected in glass jars, with Teflon-lined lids. 

1.4.2.2 The sampIes are stored at 4" f 2OC. The holding time from collection to extraction is 7 
days for waters and 14 days for soils. The holding time foranalysis is 40 days from 
collection. [ 

1.5 Definition of Terms 

1.5.1 This section defines terms and acronyms as they are used in this SOP. Other terms, such 
as MSIMSD or method blank, are not defined here since it is assumed that the user of this 
SOP already understands their more general meaning. 

Blank spike 

CCV 

CF 

Corr Coef, CC 

DCV 

A background free matrix @IW for water, clean sand for 
soils/sediments) to which known amounts of target analytes and 
surrogates are added each time sample extracts are prepared. In the 
context of this SOP, a blank spike is the same as a QC check 
standard. See also QC check standard. 

Continuing calibration verification or also known as the 
calibration verification standard. This is a standard analyzed at 
some prescribed frequency during the analysis sequence to verify 
that the instrument has remained in calibration. 

Calibration factor. The ratio of anaiyte instrument response to 
nanograms injected. This ten11 is defined in SW S4G. 

Correlation coefficient. A measure of the "goodness of fit" of a set 
of data to a iegression model. The closer the value is to 1, the 
higher the degree of confidence in the correlation. 

Daily Calibration Verification. A standard injected at the start of 
each QC period that is compared to the initial multi-point 
calibration to determine whether the instrument is still in 
calibration. 

Laucks Testing Laboratories, Inc. k 
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DIW 

ICV 

MDL 

Deionized water. Lab reagent water. Organic-free water. Since 
the systems used to provide DIW at Laucks all contain carbon- 
polishing filters, they are capable of providing organic-fiee water 
for use in method blanks and method blank spikes. 

Initial Cdibration Verification. Also known as the second source 
srandard. A standard obtained from a second source that is 
andyzed subsequent to each initial multi-point calibration to 
verify the validity of the standards. 

Method detection limit. The lowest concentration in a sample 
which will yield a positive result that is greater than zero at a 
known level of confidence. MDLs are empirically determined by 
Laucks. 

PQL or Reporting Limit Practical Quantitation Limit or Reporting Limit- The value used 
when reporting a non-detect. It may be administratively, 
empirically or contractually set. 

QC check standard 

QC period 

Quality control check standard. Referred to in this SOP as a blank 
spike or LFB. A QC check standard is a requirement of SW 846 
method 8000 and is used to determine whether the analytical 
system is in control if MSMSD recoveries are out of control. See 
also blank spike. 

Quality control period. An analysis sequence initiated by the 
analysis of one or more standards, followed by sample or extracts, 
and terminated with a standard analysis. A QC period can be 
open-ended chronologically, but calibration verification must be 
documented using the procedures in this SOP. 

RSD or %RSD Relative standard deviation or percent relative standard deviation. 
The ratio of the standard deviation of a set of vdues to the mean of 
the set of values expressed as a percentage. A measure of the 
similarity of the values one to another. 

RT, Retention time The time (in minutes) at which a target analyte or surrogate elutes 
from a chromatography column. 

Laucks Testing Laboratories, Inc. 
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RT window 

Sequence 

Retention time window. A range for the semi-volatile petroleum 
product is determined by the analysis of the Retention Time 
Standard. 

A set of samples, QC, and standards introduced into an instrument 
in a chronologically continuous group. See also QC period. 

2. Equipment List and Standards 

2.1 Chromatographic System 

2.1.1 Gas Chromatograph: Hewlett Packard 5890 I or I1 including a GROB type split injection 
port, fitted with L'Open-Top-Uniliner" style injection port liner, Restek, or equivalent. 
Alternatively, a split/splitless injection port (with splitless during injection). 

2.1.2 Carrier, Make-up and Detector Gas: Heliml99.995% (high purity grade) or better, 
nitrogen (high purity), hydrogen (high purity), and air (Balston Zero Air Generator). 

2.1.3 Co lmi :  15 m x 0.53 min x .15 prn film thichess, fused silica capillary column (J&W 
DB-1 or Restek XTI-5, or equivalent. Alternatively, a 30-m x 0.25 mm x .15 pm film 
thickness RTX-5 or equivalent. 

2.1.4 Autosampler: Hewlett Packard model 7673 or equivalent. 

2.1.5 Detectors: FID 

2.1.6 Data System: EZChrorn data acquisition software, version 6.6. Target analytical 
software, version 4.03. 

2.1.7 Miscellaneous: Assorted calibrated syringes, caps, septa, injection port liners, solvents, 
ferrules, and assorted supplies. 

2.2 Standards 

2.2.1 Overview of Standards Preparation 

2.2.. 1.1 Standard information is stored electronically. All standards are assiaed a unique 
identifier to enable cross-referencing of each individual standard back to the s ~ ~ ~ l i e r ' s  - - 
lot number. In addition, all standards are labeled with the standard concentration, the 

Laucks Testing Laboratories, Inc. 
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solvent, date prepared, expiration date, analyst's initials, and the standard reference 
number. Refer to Laucks' SOP on the traceability, documentation, and preparation of 
standards. 

2.2.1 -2 If starting with a neat material, a measured amount of the neat chemical is placed in a 
glass volumetric and diluted to volume with methylene chloride, then stoppered. For 
example 250 mg of neat material diluted info 25 mL of methylene chloride yields an 
intermediate solution of 10,000 pg/mL. Stock solutions are stored for a time period not 
to exceed one year or the manufacturer's expiration date, whichever is sooner. Working 
solutions are stored for a time period not to exceed six months or the manufacturer's 
expiration date, whichever is sooiler. 

2.2.1.3 All standard solutions are stored in the freezer at -lO°C to -20°C. Prior to daily and 
initial calibration standard preparation, the standard solutions are removed fiom the 
freezer and allowed to warm to room tempe~ature. 

2.2.1 -4 Refer to Appendix 11 for a listing of the PQL. The ICAL range is described in 2.2.3.2 
and 2.2.4.2 below. 

2.2.2 Preparation of Surrogates 

2.2.2.1 The surrogates are purchased as neat material. 0.1 g of the neat chemical is placed in a 
10-mL glass volumefric and diluted to volume with methylene chloride, then stoppered. 
This soiuiion yields a concentration of i 0,000 pg/rnL. 

2.2.3 Preparation of Initial Calibration Standards (DRO) 

2.2.3.1 Certified solutions are purchased at concentration levels of 50,000 pg/mL each. 

Surrogate Standards 
2-Fluorobiphenyl 
o-Terphenyl 
Octacosane 
* or equivalent 

Laucks Testing Laboratories, Inc. 

Source* f Cat. # f Conc. 

Standard 
#2 Diesel Composite 
* or equivalent 

Restek 
Restek 
Restek 

Source* 
Restek 

3 1096 
3 1 097 
3 1672 

10,000 PPM 
10,000 PPM 
10,000 PPM 

Cat. # I ~ o n c .  (pglm~) 
31258 50,000 
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2.2.3.2 The initial calibration standards range fiom 50 pg/mL to 2000 pg/mL. The standards 
are prepared by diluting into methylene chloride. 

- 
Standard 

#2 Diesel Composite 

2000 PPM Standard 

Second 
Source* 

250 PPM Standard (CCV) 

* or equivalent 

Diesel Standards 

Diesel 
0-Terphenyl 
2-Fluorobiphenyl 1 

Cat. # 

I 

Initial Calibration Levels (PPM) 

Conc. (pg/mL) 

Ultra Scientific , RGO-6 16 

InitiaI Conc. 

50,000 PPM 
10,000 PPM 
10,000 PPM 

50,000 

Final 
Concentration 

250 PPM 
20 PPM 
20 PPM 

Diesel Standards 

Diesel 
o-Terphenyl 
2-Fluorobiphenyl 

Latach Testing Laboratories, Inc. 

Aliquot 

400 pL 
200 VL 
200 p~ 

Initial Conc. 

50,000 PPM 
10,000 PPM 
10,000 PPM 

Final 
Volume 

10 mL 
10 mL 
10 mL 

5 ---- 
2 

-- 
2 

20 

Final 
Concentration 

2000 PPM 
200 PPM 
200 PPM 

Aliquot 

50 & 
20 pL 
20 

6 
Full 

1 
40 

----- 
Compound 
Dilution factor 4 

required when 
using 2000 PPM 
diesel standard 
and 200 PPM 
surrogate standard 
to obtain 
concentrations 
tabulated below. 

Final 
Volume 

10 rnL 
10 mL 
10 mL 

MDL 
100 
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2.2.4 Preparation of Initial Calibration Standards (RRO) 

2.2.4.1 The RROs are purchased as neat material. An oil composite mixture is prepared by 
combining 1 mL of each source listed below. The stock standard is prepared by diluting 
2.5 gram into 50 mL of methylene chloride. This yields a concentration of 50,000 
pg/mL. This standard is stored for a time period not to exceed six months. 

- 
Compound 

Diesel 
o-Terphenyl ------- 
2-Fluorobiphenyl 

- 
1 

50 - 
5 - 
5 

-- 
MODL 

20 
2 
P 

2 

Standards* 
Pennzoil 10W-40 
Valvoline !OW-30 

* or equivalent 

2 

100 
10 

Conc. 
Neat 
Neat 

Standard* 

Motof Oil 
I I I ' 

2.2.4.2 The initial calibration standards for the RROs range from 200 pg/mL to 5,000 pg/mL. 
The standards are prepared by diluting into methylene chloride as tabulated below. 

- 
3 

-- 
200 
20 

Second Source 

Restek 
* or equivalent 

Oil Standard 

Oil 

Initial Calibration L,evels (PPM) 

- -- - - 
4 5 

500 - 1000 
50 100 

- 
-----.- ---- 

10 20 

a I 

50 100 --- 

Catalog # 

3 1464 

Initial Conc. 

50,000 PPM 

Laucks Testing Laboratories, Inc. 

Concentration 

50,000 PPM 

---- 
Compound 

Oil 

Final 
Concentration 

2000 PPM 

Aliquot 

400 pL 

MDL 

100 

Final 
Volume 

10 mL 

- 
4 

2000 

3 

1000 

1 

200 

2 

5 00 

5 

2500 

6 

-----\-- 

5000 
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2.2.5 Preparation of Continuing Calibration Standards 

2.2.5.1 The continuing calibration verification standard (CCV) is prepared- at the same 
concentration Ievel as the mid-range standard in the initial calibration. The continuing 
calibration standard is used to verify the accuracy of the initial calibration. 

2.2.6 Preparation of Retention Time Window Standard 

2.2.6.1 The alkanes C8, CIO, C,,, C,,, C,,, CI*, Go, C,,, C,,, C,,, C,,, C30, C,,, C34, C,,, C,,, aid 
C,, are purchased from Restek as a certified composite solution at a concentration level 
of 500 pg/mL. The alkane C,, and toluene are purchased as neat materials. The neats 
are prepared into stock standards by diluting 1 gram of neat into 100 mL of methylene 
chloride. This yields a concentration of 10,000 pg/ml,. The retention time window 
standard is prepared by diluting 1.0 mL of the alkanes purchased solution (at 500 
pg/mL) and 50 p1 of the prepared alkane (at 10,000 pg/mL) into 10 mL of methylene 
chloride. This yields a concentration of 50 pg/mL. This solution is for quaIitative use 
orJy md c ~ y  bc stored i n d e ~ r j ~ &  J 

2.3 Routine Safety Precautions 

2.3.1 All standards and sample extracts should be handled as if they contain hazardous 
substances. 

2.3.2 Refer to the instrument manufacturer's manual for routine instrument precautions. 

2.3.3 Routine precautions include an awareness of the moving parts on the instrument you're 
using. These parts are often charged with power from an electrical component or with 
high-pressure gas and have the potential to do harm if not used properly. 

2.3.4 Electrical shock - All instruments present the possibility of electrical shock. ,The operator 
should take all precautions including ensuring that all instruments are operated with h l ly  
grounded power outlets, huning off the insthunent and discor~lectjng the instrument from 
the electrical power supply before working on any electrical components, etc. 

2.3.5 Analysts should take the proper precautions such as wearing gloves when working with 
suspect samples-or high level standards or solvents. Additionally, a respirator should be 
worn and a fume hood utilized for extremely hazardous compounds. 

Laucks Testing Laboratories, Inc. 
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2.4 Waste disposal 

2.4.1 Waste solvents and expired standards are disposed of in the appropriate waste solvent 
container located in the prep area under the hood. 

2.4.2 Solid sample matrices are disposed of in appropriate drums labeled for this specific 
puipose where they are routinely picked up by an approved agency for final disposal. 

2.4.3 Waste segregation and disposal from the point of collection is further covered in the 
Laucks SOP on Waste Segregation and Disposal. 

3. Operation procedures 

3.1 Analytical Conditions 

GC Parameters* 
Initial GC Temperature: 
Initial Hold Time: 
Ramp Raie: 
Final Tenperahre: 
Final Time: 
Run Time: 
Injector Temperature: 
Detector Temper~t_ture: 
Injection Volume: 
Gas Flow Rates (mL/min.) 
Helium: 
Nitrogen make-up: 
Split vent: 
Hydrogen: 
Air: 

50°C 
2 min 
12"Cimin 
360°C 
5.0 min 
30.0 min 
300°C 
350°C 

1 PL 

Alternate 
50°C 
lmin 
1 G°C/min 
340°C 
8.0 min 
38.0 min 
300°C 
350°C 

2 PL 

* or equivalent 

3.2 Method Detection Limit Study 

3.2.1 Prior to the analysis of any samples, it is necessary to establish method detection limits. 
This procedure is hlly described in Laucks SOP LTL-101 I. Briefly, it involves the 
analysis of 7 replicate samples spiked at a concentration near the anticipated method 
detection limit. A Student's T-test is then applied to these measured values to calculate 
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the MDL. Current MDL values are found in the iLIMS MDL database and associated raw 
data are stored in department files. They are also located in Appendix IT. 

3.3 Method Validation 

3.3.1 Prior to the analysis of any samples, it is necessary to validate the method. A method 
validation study is performed in z similar manner to an MDL study with the exception 
that a minimum of 4 replicates are required and the concentration levels are typically 10- 
50 timesthe MDL. Tn the absence of criteria for the initial demonstration of proficiency, 
the limits of 70%- 130% can be used. 

3.4 Retention Time Windows 

3.4.1 Prior to the analysis of any samples, it is necessary to establish retention times windqws 
for both analytes and surrogates. This is done by analyzing the Retention Time Window 
Standard over a 72-hour period. Serial injections performed over a time period less than 
72 hours may result in retention time windows that are too tight. Refer Laucks SOP on 
the determination of RT windows. - 

3.4.2 The retention time window standard consists of C,z, and C, for the DRO-?ype petroleum 
products. The retention time window standard for the oil-type petroleum products 
consists of C,, and C,. Analysis of the retention time standard is performed daily. 

3.5 Initial Multi-Point Calibration 

3.5.1 Analyze standard solutions using a minimum of 5 different concentration levels. The 
lowest concentration should be at a concenhtion near the reporting limit. The highest 
concentration should define the upper usable working range of the detector. Inject the 
standard solutions from the lowest concentration to the highest. 

3.6 External Standard Calibration 

3.6.1 External standard initial calibration data can be evaluated in one of 3 ways: %RSD of the 
calibration factors, correlation coefficient of a h e a r  regression analysis, coefficient of 
determination of a non-linear regression anaIysis. 

CFs are calculated. using the equation: 

standard amount injected 
CF = 

total area of standard 
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3.6.2 The distinctions between these methods are: the %RSD method assumes a linear response 
with the calibration curve passing through the origin, the linear regression method 
assumes a linear response with a non-zero intercept, and the non-linear method assumes a 
correlation, but not a linear one. 

3.6.3 The calculated CFs are tabulated and the %RSD calculated. If the %RSD is less than 
20% over the working range, linearity through the origin can be assumed, and the CF can 
be used. 

3.6.4 The laboratory uses the regression method for semivolatile petroleum products. The 
correlation coefficient (r) must be 0.99 or greater for SW 846. Laucks adheres to a tighter 
value of 0.995 in order to meet Agency requirements. An overview of all the correlation 
coefficient requirements are located in Appendix TV. 

3.6.5 Corrective action 

3.6.6 If the criteria are not met, the instrument must be re calibrated. 

3.7 Continuing and Initial Caiibration Verification (CCV/DCV) 

3.7.1 Criteria 

3.7.1.1 At the beginning of an analysis sequence a mid-range calibration standard is analyzed. 
The computed calibration factor (CF) or concentmtion measurement must meet the 
criteria detailed below. 

The DCV or CCV (daily or continuing calibration verification) standards are compared to 
the initial multi-point calibration. The percent drift is calculated as follows: 

(Ct - Ci) 
%D = --- x 100 

Ct 

where: 
Ct = True concentration 
Ci = Measured concentration 

3.7.1.2 The maximum %D allowed is 20%. 
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3 -7.2 Corrective action 

3.7.2.1 If the DCVICCV criteria are not met, no sample extracts can be analyzed. Perform 
system maintenance and re-check the DCVICCV. If the criteria still cannot be met, the 
system must be recalibrated. 

3.8 Solvent Blank 

3.8.1.1 One or more solvent blanks may precede sample exeacts or CCVs in order to minimize 
carryover. 

3.9 Method Blank 

3.9.1 Method blanks are used to verify contamination free reagents and apparatus. They are 
prepared with every set of samples extracted at the same time or one blank every 20 
samples which ever is more frequent. Any response above the reporting limit is 
considered out of control. Refer to Section 6 for method blank acceptance criteria. 

3.10 Sample Analysis 

3.10.1 The sample extracts are analyzed subsequent to the calibration standard analysis. 
However, no more than 10 injections are performed in-between calibration verification 
standards. Once all criteria for the calibration standard have been met, the sample extract 
analyses are performed. 

3.1 1 Analysis sequence 

MeC12 
Retention Time Mixture (RTM) 
IC AL 
MeCl2 
8 injections 
MeC12 
ccv 
MeC12 
8 injections 
MeC12 
ccv 

Laucks Testing Laboratories, Inc. 



Uncontrolled Document 
Method No:LTL-8013 
Revision: 6 
Date: 05/30/07 
Page: 16 of 30 
Replaces: 5 

3.12 Qualitative Identification 

The quantitation of extractable organics within the retention time a s  stated does not 
indicate the presence of specific petroleum products since other extractable organic 
material may be present in the sample. Qualitative determination of the presence of DRO 
or oil (or a specific fuel type) based on the characteristic hydrocarbon pattern is noted on 
the sample result form. 

3.13 Compound Quantitation 

3.13.1 Target compound concentrations are calculated using the following equations: 

Aqueous samples: 

The total area of the components is integrated to the baseline as a group. Surrogate areas 
are subtracted from the gross area. The net area is used for,the quantitation by linear 
regression. 

5a = (x coefficient) * A, + constant 

Conc (m@) = 
S n x D  
5 4  

where: 

sa = Sample extract result 
vs = Initial sample size (mL). 
vt = Volume of total extract (mL). 
D - - Dilution factor. Assume 1.0 for no dilution. 
Ax = Sample area response 
x coefficient = Slope m, of the linear regression curve the chromatogram of the sample 

Non-aqueous samples 

Sa = (x coefficient) * Ax + constant 

The final result is calculated as follows: 
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S o  x D 
Conc ( m a g )  = 

(W/Vt)x(TS/lOO) 

where: 

W = Weight of sample extracted, (g). 
TS = Total solids, percent. 

3.1 4 Data Packet Organiiation 

3.14.1 See Appendix I for a checklist detailing data packet organization. 

3.1 5 Quality Control Reports 

3. k5.1 All results for quality control tests are entered into the lab database. Printouts of all data 
entered must be kcluded in the data packet. Typically, z method b l ~ a k  report, a blank 
spike report, and a MS/MSD report are submitted. 

3. I5 Data Qulifiing Flags 

3.16.1 Sample report results are qualified with data qualifying flags. l'hese flags have the 
following definitions: 

Code Definition - 

U The analyte of interest was not detected, to the limit of detection indicated. 

B The analyte of interest was detected in the method blank associated with the 
sample, as well as in the sample itself. The B flag is applied without regard to 
the relative concentrations detected in the blank and sample. 

D The value reported is derived from the analysis of a diluted sample or sample 
extract. 

E The value reported is based on a sample or sample extract in which the target 
analyte concentration exceeded the calibration range. I'he value reported 
should be considered an estimate. 

3.16.2 Alternate agency-specific flags may be required and will be defined on a project basis. 
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4. Quality Control 

4.1 Initial Calibration 

4.1.1 Criteria 

4.1.1.1 Initial calibration data are evaluated using linear regression. The correlation coefficient 
is (r) > 0.99 for SW 846, Laucks uses a tighter value of 0.995 in order to meet Agency 
requirements. Refer to Appendix IV for an overview of SW-846 as well as the 
overriding Agency requirements. 

4.1.2 Corrective action 

4.1.2.1 If the criterion is not met, additional standards may be analyzed or appropriate 
instrument maintenance and analysis of new standards should be performed. 

4.1.3 Documentation 

4.1 .?. 1 Copies of the initial calibration stmdards and the calcu~~icd CFs aid Coilelation 
Coefiicients are stored wit? the r2w dzta. If criteria are not met, reanalysis of additional 
standard(s) are noted in the instrument run log. 

4.1.3.2 After completion of a compliant initial calibration curve, a mid-range calibration 
standard may be analyzed. This standard is from a different source than that of the 
calibration curve standards. The %D must be I 2 0  percent of the expected value. 

4.2 Continuing Calibration Verification 

4.2.1 Criteria 

4.2.2 At the beginning of each sequence, after every 10 injections, and at the end of a sequence, 
a mid-range calibration standard is analyzed. The %D must be I 20 percent. 

4.2.3 Corrective action 

4.2.3.1 Check cal~ulations, check standard solutions or perform instrument maintenance. 
Reanalyze the standard. If this fails, analyze a new initial calibration. 
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4.2.4 Documentation 

4.2.4.1 Copies of the continuing calibration standards and the calculated %Ds are stored with 
the raw data. If criteria are not met, reanalysis of additional standard(s) are noted in the 
instrument run log. 

4.3 Method Blanks 

4.3.1 Criteria 

4.3.1.1 A method blank is used to verify contamination free reagents and apparatus. The results 
of the method blank should be less than % the laboratory's reporting limit (RL). 

4.3.2 Corrective action 

4.3.2.1 Corrective action in the form of reanalysis or re-extraction of the method blank is 
performed when semi-volatiie petroleum products are present above % the reporting 
limit. 

4.3.2.2 Ctii-of-contio! surrogate recoveries in the method blank require at the very least, 
reanalysis or re-extraction of the method blank. The entire sample set associated with 
the out of control blank may also require re-extraction and reanalysis. However, if the 
surrogate recoveries are in control in the associated sample extract analyses, and nothing 
is detected in the sample extracts, or if the hydrocarbon levels in the sanlples are greatcr 
than 20 times the hydrocarbon leveIs in the method blank, no further action is required. 

4.3.3 Documentation 

4.3.3.1 Copies of all method blank analyses are stored with the sample analyses raw data. In 
zddition, the raw data for the method blank analyses are stored in the laborztory for an 
extended period of time. The results for the method blank analyses are reported 
electronically via the laboratory's LIMS database. If criteria are not met, remalysis of 
additional blank(s) are noted in the instrument run log. 

4.4 Blank Spikes 

4.4.1 Criteria 

4.4.1.1 A blank spike follows the same protocol as a matrix spike analysis except that the 
spiking solution is added to an aliquot of DIW (or sand for soil samples) instead of an 
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actual sample. A blank spike is the same as a QC check standard. See Appendix I1 for 
control limits. Because control limits are updated often as required by the method, all 
current control limits are located in the LIMS database. 

4.4.2 Corrective action 

4.4.2.1 The blank spilce is used to determine whether a method is in control during sample 
preparation and analysis. Sample reanalysis or re-extraction would be triggered by an 
out of control blank spike. 

4.4.3 Documentation 

4.4.3.1 The raw data for the blank spike analyses are stored in the laboratory for an extended 
period of time. The results for the blank spike analyses are reported electronically via 
the laboratory's LIMS database. If criteria are not met, reanalysis of additional blank 
spike(s) are noted in the instrument run log 

4.5 Matrix Spike 

4.5.1 Criteria 

4.5.1.1 A sample is chosen at random (unless specified by a client) &om the samples to be 
analyzed, and an aliquot of spiking solution is added to this sample during the extraction 
procedure. A matrix spike analysis is performed with each preparation batch, up to a 
maximum of 20 samples. The matrix spike sample is used to evaluate the matrix effect 
of the sample upon recovery of the analytes. Refer to Appendix I1 for control limits. 
Because control limits are updated often as required by the method, all current control 
limits are located in the LIMS database. 

4.5.1.2 The recovery of spike arialytes is calcu!zted ss follows: 

Recovery = s S - S  x l 0 0  
SpikedAmount 

where: 

SS = concentration in spiked sample 
S = native concentration in uspiked sample 
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4.5.2 Corrective action 

4.5.2.1 Sample reanalysis is not required for a matrix spike that is out of control due to matrix 
interference, assuming the associated blank spike is in control. 

4.5.3 Documentation 

4.5.3.1 The raw data for the matrix spike analyses are stored in the laboratory for an extended 
period of time. The results for the matrix spike analyses are reported electronically via 
the laboratory's LIMS database. If criteria are not net, this must discussed in the 
narrative. 

4.6 Matrix Spike Duplicate 

4.6.1 Criteria 

4.6.1.1 A matrix spike duplicate analysis is performed with each batch, up to a maximum of 20 
samples. The compound recovery criteria are identical to those for the matrix spike 
sample. In addition, the matrix spike duplicate is used to measure method precision. 
This is done by computing the RPD between the matrix spike and matrix spike 
duplicate recovery values. Refer to Appendix I1 for control limits. Because control 
limits are updated often as required by the method, all current control limits are located 
in the LIMS database. 

4.6.1.2 This calculation is as follows: 

S1-$2 x loO 
RPD = 

(Sl + S2) \ 2 

where: 

S 1 = measured concentration for MS sample 
S2 = measured concentration for,MSD sample 

4.6.2 Corrective action 

4.6.2.1 If a trend in out-of-control RPD values is observed, the method used must be examined 
to determine the source of variance. Once this source is identified, the method must be 
changed so that samples can be analyzed with a predictable reproducibility. 
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4.6.3 Documentation 

4,153.1 The raw data for the matrix spike duplicate analyses are stored with the sample analyses 
raw data. The results for the matrix spike duplicate analyses are reported electronically 
via the Iaboratory's LIMS database. Any out-of-control results are documented in the 
LIMS database andor analybcal narrative. 

4.7 Surrogate Recovery 

4.7.1 Criteria 

4.7.1 .I Surrogates are chemicalIy similar compounds added to every sample, method blank, and 
QC sample prior to sample processing. They are used to monitor potential sample 
processing errors and matrix effects. Control limits are located in Appendix 11. 
Because conk01 limits are updated often as required by the method, all current control 
limits are located in the LIMS database. 

4.7.1.2 Surrogate compound recoveries are calculated as follow: 

S m  
Recovery = - x 100 s a  

where: 

S,, = concentration of surrogate measured in sample 
S, = concentration of surrogate added 

4.7.2 Corrective Action 

4.7.2.1 Check calculations for possible error. Reanalysis is required for all surrogate recoveries 
that exceed the established control limits, unless they are elevated due to matrix 
interference. Matrix interference occurs when there is organic material present in the 
sample at levels that interfere with the surrogate recovery. The surrogate recovery 
values are elevated because the organic extractable material elutes within the retention 
time window in samples and matrix spike analyses. This can by verified when 
reviewing the associated sample andor matrix spike chromatograms. A noticeable 
presence of material in addition to the surrogate peaks will be evident. Since method 
blanks and blank spikes are prepared using DIW or clean solid material, these analyses 
will not exhibit matrix interference. Sample surrogates that exhibit similarly poor 
recoveries will require reanalysis. 
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4.7.3 Documentation 

4.7.3.1 The surrogate recoveries for all samples, blanks, and QC analyses are reported 
eiec'tr~nicall~ via the laboratory's LIMS database. If criteria are not met, reanalysis of 
for out-of-control surrogate recoveries are designated by an "RE" in the instrument run 
log. 
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APPENDIX I 

Data Packet Sequence 

1. QC SUMMARY 

Analysts 'Client' Comment (hard copy and floppy) 
Surrogate Recovery Summary Report 
Blank Spike Report 
MSMSD Report 
Method Blank Summary 

11. SAMPLE DATA: 

Crganic Analysis Data Sheet 
Chromatogram 
Quintitation Report 

111. STANDARD DATA: 

Initial Calibration Verification 
DCV/CCV Reports 

Continuing Calibration Standards: 
Chromatograms 
Quantitation Report 

Other Standards Used to Support Sample Data and Instrument Blanks 
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V. Raw QC Data: 

--- Method Blank 
Chromatograms 
Quantitation Report 
Blank Spike 
Chromatograms 
Quantitation Report 
MS/MSD 
Chromatogrms 
Quantitation Report 

V. Bench Sheets 

Injection Sequence 
ExWaction Bench Sheets 
Miscellaneous Work Sheets. i.e. %TS, SDG summary, calculations, HTVR 
Standarcis Logs 
Chain Of Custody 

VI. Reject Data: 

DO NOT COPY DO NOT PAGINATE 

Data not used to support sample results. 
Ail data acquired but rejected on account of QC out of control. 
Non-routine standards used to support sample data should be placed at the last of the 
Standard Data section. 
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APPENDIX 11 

Modified 8015B Reporting Limits, MDLs, Control Limits and Carbon Ranges 

Reporting Limits 

Control Limits 

Range 

I 

Jet fuel through #2 
Diesel 
Heavy oils 

Carbon Ranges 

Low Level Soil 
(mglkg) 

Ccmpomd 

Diesel 

Laucks Testing Laboratories. Inc. 

Water (m@) 

RL 
5 

20 

Low Leve! 
Water (mgikg) 

Elank 
Spike Soil 

56-  124 

Method 

RL 
0.250 

1.0 

Soil (mgkg) 

MDL 
0.58 

1.1 

RL 
0.05 

0.2 

B h k  
Spike 
Water 

47-  123 

MDL 
0.084 

0.1s 

RL 
25 

100 

MDL 
0.023 

0.09 

LID 

5 0 

Diesel Range 
Organics 

MDL 
6.7 

14 

Matrix 
Spike Soil 

50 -150 

Surrogate 

50 -150 

Oil Flange Organics 

M8015 1 c~'2-c24 

California LUFT 1 c10"c24 

Matiix 
Spike 
Water 

50 -150 

C 2 4 - c ~  

C?4-C40 
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APPENDIX I11 

Laucks Testing Laboratories 
Modified 8015B QA Requirements and Corrective Actions 

Lauch Testing Laboratories, Inc. 

QA Element 

Initial 
Calibration 
Curve 

Second Source 
Standard 

continuing 
Calibrztion 
Verification 

Frequeccy 

Initially. 

After every initial 
calibration. 

At the beginning of 
every QC period. 

One method Dlznk per 
batch of up to 20 
samples. 

Surngitts are used in 
all standards. blanki, 
samples, and QC. 

One blank spike with 
each batch of samples 
up to 20 samples. 

One MSIMSD with 
each batch of samples 
up to 20 samples. 

Method 
Critericn 

Minimum of 5 levels. 
Con Coef: 0.99. 

Mid-level calibration 
standard run every 10 
injections. If not within 
S 20%D. 

Laucks 
Criterion 

Minimum of 5 levels. 
Corr Coei: 0.995. 

Within 20%D. 

Mid-level calibration 
standard run every 10 
injections. If not within 
s 20%D. 

Corrective 
Action 

Reanalysis of out of 
control standards. 
Linearity can be 
assumed if Corr Coef is 
> 0.995. 
Reanalysis of standard 
in order to meet %D 
criterion. May have to 
pursue third source to 
verify all standards. 
Reanalysis of DCV in 
order to meet %D 
criterion. If reanalysis 
docs not meet criterion, 
analyze initial 
calibratjon curve. 
Xe-extraction md 
reanaiysis of the batch. 

One method blank eve.-y 
batch, up la 20 samples. 
Analysis of the method 
blank should not contain 
organic extractable 
material above L/, the 
reporting limit 

Documentation 

Copies of raw data filed 
and noted in instrument 
logbook. 

Copies o f  raw data filed 
and noted in instruinen1 
logbooli 

Copies of raw dztz filed, 
and reported 
electronically. Daily 
conuol cham for all 

- rdleihod r B!&- One ac"o"!arr every 
batch, up to 20 samples. 
Analysis of the method 
blank should not conlain 
organic ext3ctaDle 
material above the 
reporting limit I 

method blanks are 
recnrdcd. 

Recoveries infist meet 
laboratory established 
control limits in 
Appendix 11. 

Recoveries must meet 
laboratory esiablished 
control limits in 
Appendix 11. 

Recoveries must meet 
laboratory established 
control limits in 
Appendix 11. 

Samples stored at 4'C f 
2°C. 

Surrogate 
Standards 

~ l ~ ~ k  spike 

If sunugate recoveries 
evceed the limits due to 
matrix interference, 
reanalysis is no1 
performed. If method 
blnnk surrogate 
recoveries exceed the 
limits Ule samples must 
be reanalyzed or re- 
extracted 
Reanalysis of QC 
sample. Ifstill out of 
control. re-extract and 
reanalyzc. 

Reanalysis of QC 
sample. Review LCS 
recoveries and 
determine whether 
matrix interferenu: 
involved. 

No method-specified 
surrogates recommcndcd. 
Lab-generated control 
limits. 

Recoveries s e  suggested 
to meet the control llmits 
of 70% - 130%. 

Any out of control 
surrogates are 
docume~lted in 
asociated file. 

QC recoveries are 
stored electronically. 
Raw data is stored with 
file. Oct of con!rd 
events are noted in file. 
Discuss in SDG 
narrative. 

Nolify QA and PM 
personnel immcdiatcl y. 

MS/MSD 

Sample 
Preservation 
and Storage 

Samples stored at 4'C f 
2°C. 
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Laucks Testing Laboratories, Inc. 

QA Element 

~ ~ i d i ~ ~  ~i~~ 

Standard 
S0luli0n 
Expiration 

Frequency 

N/A 

Method 
Criterion 

Laucks 
Criterion 

Corrective 
Action 

Documentation 

Waters' 7 days from date 
of culledion to 
extraction. 
Soils: 14 days from date 
of collection to 
extraction. 
The holding time for 
nnalysis is 40 days fmm 
collection. 
Refer to SW 8000B. 

(Stock standards: 12 
months. 
waking ioktionr: 6 
months.) 

Waters: 7 days fmrn 
date of collection to 
extraction. 
Soils: 14 days from date 
~Fcollection lo 
extraction. 
The holding time for 
at~alysis is 40 days from 
collection. 
Refer to SW 8000B 

(Stock standards: I2 
months. 
Waking sololutions. L 
ntonths.) 

Contact client ASAP. iiTVR (holding time 
violation report) filed 
with data and noted in 
file. 

( All standard data 
recorded in standard 
logbook. 
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APPENDIX IV 

Agency Requirements 
- -  . . . . . . . - 
I SW 846 Method 801 5 DRO 1 

Laucks Testing Laboratories, Inc. 

QC Check 

MDL Study I I 
/ 

DoD 
Acceptance Criteria 

See 40 CFR 136B. W > 3 for MDL 
verification, Every 12 months, or 
quarterly for MDL verification checks 

AFCEE 

Retention Time Window 
Width calculated for each 
analyie and surrogate 1 
Minimum Five Poi~t t  Initial! 
Calibration 

I 
/ 
/ 
i 

_ i  

i 
! 

Rc:mtion t ine vindow 
position establishment for 
each analytc aud surrogate 

Retention time window 
verificatio~~ for each 
analyte and sur rog~te  I 

Second Source 

Retention Time Range 

Continuing Calibration 
Verification 

/ 
I -- 

Method Blank 

-- 

SW 846 
Acceptance Criteria 

Every 12 months. Detection lin~its 
< 112 RL listed in appropriate AFCEE 

G l e .  
+ 3s over a 72 hour period for each 
analyte or 2 0.03 minutes, whicheve 
is greater. 

Option I : RSD( 20% 

Option 2: Linear - r? 0.99 

~ ~ t i K j I  Non-linear - ?,0.99, 
minimum of 6 pts for 2nd order, 7pts 
for 3rd order 

AND %I) 5 20% at each calibration 
level recommended 

Acceptance Criteria 

+ 3s over a 72 hour period for each 
analyte 

Option 1: RSDZ 20% I 

Option 2: Linear - r 0.995 

. 

Option I : RSD: 20% 

Oplion 2: Linear - r, 0.995 ' 

! 
Option 3: Non-linear - ? > 0.99, 1 
minimum of 6 pts for ~ndordcr  i 

Once per ICAL and at the beginning of 

Detined during ICAL. Based on 
retention time of C,. and C, 
alkanes. Range is from Ihe lower 
RT of fint eluting cornpollent to 
upper RT of last. 
%D < 20% 

Beginning and end of each 12 hour 
analytical shifi 

Less than the laboratoly detection 
limit OR 

Less than 5%< of the regulatory limit 
OR 
Less than 5% of the sample result 
WHICHEVER IS GREATER 

each analytical shift. Position shall be 
set using the midpoint siandard oftllz 
calibration mrve or the value in the 
CCV run at the beginning of the 
analytical shift 
Each calibration verification standard 

I 

Option 3: Non-linear - r2_> 0.99. 
minimum of 6 pts for 2nd order 

' 

! 
%D 5 20% 1 
Based on retention lime of Clo and I 

C z  1 ' 
%D 5 20% 

Every 10 smp!es, beginning and end of 

%D 5 20% 

Set ot retention time of midpoint 
standard of ICAL 

%D 5 20% 

Every SO field saxples, beginning 
- 

and end of analytical sequence analytical sequence 

No analytes? l/i RL. No common 
laboratory contaminant analytes? RL. 

No TPH > !4 RL. No common 
laboratory contaminanl analytes, 
RL 

-- 
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i Introduction and Scope 

1.1  Method Description 

1.1 . I  This SOP describes the procedures and specifications for instrumental analysis of various 
organochlorine pesticides and polychlorinated biphenyls (PCBs) in water and soil 
following SW846 Methods 808 1 B and 8082A. Analysis is performed by gas 
chromatography using a single injection port and splitting into dual GC columns with 
electron-capture detectors. This system provides quantitation and confirmation of 
pesticides and Aroclors (PCBs) from asingle injection. The following table lists the 
compounds that may be determined by these methods. Additional compounds, listed in 
Method 8081B, may also be determined. Technical Chlordane will not be reported 
unless specified by the client. 

- 
SW808lB ROUTINE COMPOUNDS 

1.1.2 This method is restricted to use by, or under the supervision of analysts experienced in 
the use of gas chromatography and in the interpretation of chromatograms. Each analyst 
performing this method must have demonstrated the ability to perform the described 

aIpha-BHC 
delta-BHC 
Heptachlor 
Heptachl~r epoxide 
Dieldrin 
Endrin 
4,4'-DDD 
4,4'-DDT 
Endrin aldehyde 
alpha-Chlordane 
Toxaphene 

SW8082A COMPOUNDS 

Luzicks Testing Luboratories, Inc. 

beta-BHC 
gamma-BHC (Lindane) 
Aldrin 
Endosuifan I 
4,4'-DDE 
Endosulfan 11 
Endosulfan sulfate 
Methoxychlor 
Endrin ketone 
gamma-chlordane 

Aroclor-1016 
Aroclor- 1232 
Arocior- 1248 
Aroclor- 1260 

Aroclor-I 22 I 
Aroclor- 1242 
Aroclor- 1254 

SW8081B OPTIONAL COMPOUNDS 

SW8082A OPTIONAL COMPOUNDS 
Aroclor- 1262 ( Aroclor-1268 

Chlordane (not otherwise specified) 
Simazine 

Zsodrin 
Atrazine 



Controlled Document 

Book: 20 Assigned to: Tetra Tech 
Method No:LTL-8084 
Revision: 8 
Date: 04/06/05 
Page: 5 of 45 
Replaces: 7 

chromatographic analysis andor data interpretation. 

1.1.3 In some instances, sa~nples being analyzed for PCBs will require sulfuric acid cleanup. 
In instances where samples are being analyzed for both pesticides and PCBs, an aliquot is 
separated prior to the sulhric acid cleanup step, and is analyzed for pesticides only. The 
separation of aliquots prior to this cleanup will prevent the potential loss oftarget 
pesticide compounds. 

1.2 Method Deviations 

1.2.1 The analyte list is based on a combination of Method 808 1B and 8082A analytes. 
Additional analytes are only added if requested by the client(s). 

1.3 Sample Collection, Sample Storage, Holding Times 

1.3.1 Samples are normally collected in glass containers with Teflon-lined caps. All samples 
and sample extracts are stored at 4°C520C. Water samples must be extracted within 7 
days of sample collection, soil samples within 14 days of sample collection. All extracts 
must be analyzed with 40 days of sample preparation. 

1.4 Definition of Terms 

1.4. i This section defines terms and acronyms as they are used in this SOP. Other terms, such 
as MS,F,I!SD s: method Dlsnk, zie i i ~ t  defined here siiice it is assumed that the user of this 
SOP already understands their more general meaning. 

Batch Identifier A number given to each preparation or analysis group which 
uniquely identifies that batch. This number is generally the blank 
ID for preparation batches and either a sequence number for 
organic analyses or an analysis number that is similar to the blank 
ID, only preceded by an "A" rather than a "B" for inorganic 
batches. The preparation batch IDS are discussed in other 
documentation. 

Blank spike 

ccv 

A background free matrix (DIW for water, clean sand for 
soils/sediments) to which known arnctnts of target analytes and 
surrogates are added each time sample extracts are prepared. In 
the context of this SOP, a blank spike is the same as a QC check 
standard. See also QC check standard. 

Continuing calibration verification. This is the same acronym 
used in the CLP program. This is a standard analyzed at some 
prescribed frequency during the analysis sequence to veri@ that 
the instrument has remained in calibration. 

Laucks Testing Laboratories, Im. 
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CLP 

DCC 

DIW 

IBLK 

IDL ' 

MDL 

MDL standard 

Calibration factor. The ratio of analyte instrument response to 
nanograms injected. This term is defined in the same way in both 
the CLP contract and SW 846. 

Contract Laboratory Program. The USEPA program that 
contracts with laboratories to provide laboratory services. The 
term has come to mean a much broader set of methods and 
deliverables. In the context of this SOP, CLP means procedures 
or operations which are detailed in the CLP contract and which are 
extended to a broader working definition. 

Daily calibration check. This is the first standard analyzed in the 
sequence. 

Deionized water. Lab reagent water. Organic-free water. Since 
the systems used to provide DTW at Laucks all contain carbon- 
polishing filters, they are capable of providing organic-free water 
for use in method blanks and blank spikes. 

hstrument blank. This term is borrowed from CLP. Blank 
solvent containing the method surrogates is injected into the 
instrument to monitor for carry over between sampie extract 
injecti~ns. 

Initial calibration verification. It is a sthidarc! that is injected at 
the start of each QC period that is compared to the initial multi- 
point calibration to determine whether the instrument is still in 
calibration. 

Instrument detection limit. The lowest concentration of a target 
sna:j;ie that will yield a signa1:noise ratio of at least 3x. Useci as a 
starting point for selecting NIDL study spiking levels. 

Method detection limit. The lowest concentration in a sample 
which will yield a positive result that is greater than zero at a 
known level of confidence. MDLs are e~npirically determined by 
Laucks. 

Method detection limit standard. A standard prepared so that the 
concentrations of the target analytes are in the range of 1 x to 4x 
the empirically determined MDLs on an extraddigest basis. This 
standard is used to verify that the instrument is capable of 
detecting the target analytes on an ongoing basis. 

Laucks Testing Laboratories, Inc. 
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PQL or Reporting Limit Practical Quantitation Limit or Reporting Limit- The value used 
when reporting a not?-detect. It may be administratively. 
empirically or contractually set. 

QC check standard Quality control check standard. Referred to in this SOP as a blarik 
spike. A QC check standard is a requirement of SW 846 method 
8000 and is used to determine whether the analytical system is in 
control if MS/MSD recoveries are out of control. See also blank 
spike. 

QC period Quality control period. An analysis sequence initiated by the 
analysis of one or more standards, followed by sample 
extractddigests, and terminated with a standard analysis. A QC 
period can be open-ended cluonologically, but calibration 
verification must be documented using the procedures in this SOP 

Reporting Limit (RL) The reporting limit is defined by the low level standard, also 
referred tr, as the practical quantitation limit ~ T ? T  tx v - 1 .  \ 

RSD or %RSD Reiative standard deviation or percent relative standard deviation. 
The ratio of the standard deviation of a set of values to the mean 
of the set of values expressed as a percentage. A measure of the 
similarity of the values one to another. 

KT, Reiention time The time (in minutes) at which a target analyte elutes from a 
chromatography column. 

RT window 

Sequence 

Retention time window. The +/- value which is applied to the 
ICV to establish the time range used to make tentative compound 
identifications. 

A set of sample extractddigests and standard solutions introduced 
into an instrument in a chronologica~ly cotntinuous group. See 
also QC period. 

Standard Reference Material - A material containing known 
quantities of target analytes in a homogeneous matrix which 
approximates the matrix of the samples being analyzed. It is used 
to establish that the analytical process is in control. 

Laucks Testing Laboratories, Inc. 
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2 Equipment List, Maintenance, and Standards 

2.1 Chromatographic and Data. System 

2.1.1 This analysis requires a gas chromatograph wit11 a programmable oven, heated injection 
port, dual electron-capture detectors, autosampler and an electronic data-acquisition 
system. 

2.1.2 Equipment list: 

Gas chromatograph (Hewlep-Packard 5890, 58904 6890 w/pECDs) or equivalent 
Autosampler (Hewlett-Packard 7673A, 7683) or equivalent 
Electron-capture detectors (Hewlett-Packard) or equivalent 
Capillary columns (J&W DB5, DB608, 30m x 0.45mm, or equivalent) 
0.45mm megabore, J&W DB-XLB, DB35ms 30m x 0.32rnm, or equivalent) 
5% methane/95% argon detector make-up gas, 
Helium carrier gas 
EZChrom Data Acquisition System version 6.6, Target Analytical Software for NT 
Operating System version 4.02, Pentium FCs, or equivalent. 

2.1.3 Maintenance 

2.1.1 In order to preventJreduce endrin breakdown, the following steps are used: 
1) use ciean and siianized ~ g i l e n t  iiners, (splitless, single-taper liners for the 6890) 
2) use only gold seals 
3) reduce the injection port temperature e.g., from 250°C to 205OC 
4) clean inlet with hexane and acetone 
5 )  prime inlet with really high concentration standard 
6) make sure syringe does not touch glass wool. 

2.2 Standards 

2.2.1 Comlnercially prepared, certified stock standards are used to prepare working solutions 
for all surrogates, calibration mixes, and spike mixes. The calibration mix (INDAB) 
contains all of the individual pesticide analytes. All individual pesticides are spiked. 
Aroclors 10 16 and 1260 are spiked. Stock standards must be replaced by the 
manufacturers expiration date. 

2.2.2 Calibration standards are prepared at different concentration levels by dilution of the 
stock standards with hexane (see table below). High-level INDAB is made at 16 times 
the PQL concentration. The lower levels are diluted by factors of 2,4, 5, 8, 16 and 20. 
The standards must be replaced aRer 6 months or by the expiration date of the material 

Lauclcs Testing Laboraiories, Inc. 
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they were made from, whichever is earlier 

Multicomponent analyte calibration standards, with the excepticn of ArocIors 10 16 and 
1260 (combined are defined as Aroclor 1660), are prepared at a concentration of 1.0 
pg/ml, by dilution of commercially purchased stock solutions in hexane (see table 
below). Toxaphene is made up to a concentration of 0.5 pg/ml and chlordane is made up 
to a concentration of 0 I pglml by dilution of commercially purchased stock solutions in 
hexane. Standards of the Aroclors 1016 and 1260 are combined in a mixture and 
prepared at seven concentration Ievels. 1.0 pglml, 0.75 pglml, 0.5 pglml, 0.33 pglml, 
0.25 pg/mlO. 10 pdml, and 0.05 pglml. These must be replaced after 6 months or by the 
expiration date of the material they were made from, whichever is earlier. 

2.2.4 A performance evaluation mixture (PEM) is prepared fiom a purchased solution of 4,4'- 
DDT, and endrin in hexane. 

2.2.5 A surrogate mix is prepared fiom separate solutions that contain 2,4,5,6-tetrachloro-meta- 
xylene (TCMX) and decachlorobiphenyl (DCB). These standards are made in hexane 
and added to all standard mixes (before dilution if applicable). 

Chlordane 
C L ~ I ~ L  

0.025 

' N/A 

N/A 

N/ A 

N/A 

N/A 

Standard 
level 

1 
I 2 

3 . 

4 

5 

6 

7 

2.2.6 Refer to SOP LTL- 10 13 (Preparation, Storage, Shelf Life and Traceability 
Documentation of Standards and Reference Materials) for detailed instructions on 
standards preparation and storage. 

2.2.7 Appendix I details the compounds and concentrations contained in all solutions. - h  

b u c k s  Testing Laboratories, Inc. 

INDAB 
Mix pg/rnL 

0.002-0.004 

0.0025- 
0.005 

Toxaphene 
~ g / m L  

0.005 

N/A 

AR1660 

~ d m L  

0.05 

0.1 

N/A 

N/A 

N/A 

N/ A 

All other 

Aroclors 
czg/mL 

N/A 

N/ A 

0.5 

N/A 

N/ A 

N/A 

0.005-0.01 

0.008-0.016 

0.02-0.4 

0.04-0.8 

0.04-0.08 

0.20 

0.25 

0.5 

0.75 
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3 Safetv precautions and Waste Disposal 

3.1 Routine Safety Precautions 

3.1.1 All standards and sample extracts should be handled as if they contain hazardous 
substances. 

3.1.2 Refer to the instrument manufacturer's manual for routine instrument precautions. 

3.1.3 Routine precautions include an awareness of the moving parts on the instrument you're 
using. These parts are often charged with power from an electrical component or with 
high-pressure gas and have the potential to do ham if not used properly. 

3.1.4 Electrical shock - All instruments present the possibility of electrical shock. The operator 
should take all precautions including ensuring that all instruments are operated with h l l y  
grounded power outlets, turning off the instrument and disconnecting the instrument from 
the electrica! power supply before working on any electrical components, etc. 

3.1.5 The electron-capture detectors used in this analysis contzin a radioactive source and 
should not be opened or otherwise tampered with. 

3.2 Waste disposal 

3.2.1 Solvent wastes generated in using this procedure (expired stzndards, old samp!e extracts. 
rinsates, etc.) should be emptied into the solvent waste container in the %me hood. 

3.2.2 Waste segregation and disposal from the point of collection is hrther covered in the 
Laucks SOP on Waste Segregation a d  Disposa!. 

4 Calibration and Quality Control 

4.1 QA Requirements and Corrective Action 

4.1.1 Detailed in the following sections are applicable QA requirements and subsequent 
corrective actions to be applied to this analysis. A summary of these requirements can be 
found in Appendix IV. 

4.2 Method Detection Limit Study 

4 2.1 Prior to the analysis of any samples, it is necessary to establish method detection limits. 
This procedure is hlly described in the Laucks SOP on MDLs, located in the SOP 
manual. Briefly, it involves the analysis of 7 replicate samples spiked at a concentration 
near the anticipated method detection limit. A Student's T-test is then applied to these 
measured values to calculate the MDL. 

4.3 Method Validation 

4.3.1 Prior to the analysis of any samples, it is necessary to validate the method. A method 

- -- ~ 

Laucks Testitig Laboratories, btc. 
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validation study is performed in a similar mann.er to an MDL study with the exception 
that a minimum of 4 replicates are required and the concentration levels are typically 
higher. 

4.3.2 The precision of spike recoveries must meet or exceed the criteria tabulated in SW 846. 

4.4 Retention Time Windows 

4.4.1 Retention time window studies are conducted following the Laucks SOP on Establishing 
RTWs and the procedure detailed in SW 846, Method 8000B, which def i~es  a window 
for each single and multi- component analyte based on the retention times taken fiom 
three standard injections over a 72 hour period. 

4.4.2 The retention time window half-width is set at 3 times the above calculated standard 
deviation. This operation must be repeated whenever major equipment changes are 
made, whenever the chromatographic method is significantly modified, or whenever a 
column is replaced. 

4.4.3 The calculated retention time window half widths are typically unrealistic values. 
Therefore RT windows have been administratively set at the values listed in OLM04.2 
for megabore anaiyses (see table below) and at 33.03 for capillary analyses. These 
values are typicaily wider than 3 times the standard deviation as determined above, but 
are more realistic. 

Laucks Testing Laboratories, Inc. 
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Analvt e 
alpha-BHC 
beta-BHC 
gamma-BHC (Lindane) 
delta-BHC 
Heptachlor 
Aldrin 
alpha-Chlordane 
garnma-Chlordane 
Heptachlor epoxide 
Dieldrin 
Endrin 
Endrin aldehyde 
Endrin ketone 
4,4'-DDD 
4,4'-DDE 
4,4'-DDT 
Endosulfan 1 
Endosulfan ?I 
Endosulfan sulfate 
Methoxychlor 
Tetrachloro-m-xy Iene 
Decachlorobiphenyl 
Aroclors 
Toxaphene 

M e ~ a  bore 
s . 0 5  
k0.05 
zfi0.05 
k0.05 
f0.05 
k0.05 
k0.07 
H.07 
f0.07 
k0.07 
rt0.07 
+O. 07 
k0.07 
k0.07 
k0.07 
H . 0 7  
k0.07 
23.07 
k0.07 
H.07 
2~0.07 
+o. 10 
H.07 
H.07 

4.5 Breakdown Evaluation (only required when analyzing for pesticides) 

4.5.1 At the beginning of each analysis sequence a performance evaluation mixture (PEM) 
must also be analyzed. This is a separate solution containing 4,4'-DDT and endrin, and is 
examined for the breakdown products ofthese analytes (4,4'-DDD, 4,4'-DDE, endrin 
aldehyde, endrin ketone) which indicate the need for GC system maintenance. The 
percent breakdown must be less than 15% for both Endrin and 4,4'-DDT. 

4.6 lnitial Multi-Point Calibration for Pesticides and PCBs 

4.6.1 SW 846 allows the use of both linear and non-linear models for the calibration data. The 
option for non-linear calibration may be necessary to achieve low detection limits or to 
address specific instrumental techniques. 

4.6.2 Analyze single component pesticide standards using at least 5 different concentration 
levels for linear calibrations. The lowest concentration should be near, but above, the 
method reporting limit or PQL. The highest concentration should define the upper usable 

Lauch Testing Laborato~.ies, Inc. 
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working range of the detector. 

4.6.3 Analyze multi-component pesticides at one concentration level. Initial calibration of 
ArocIor 101 611 260 is performed using a minimum of five different concentl-ation ievels. 
The more commonly found Aroclors (Aroclors 1248 and 1254) are calibrated using three 
different calibration levels. The detection of any Aroclor in a sample requires a 
minimum of three calibration points, followed by re-analysis of the sample extract. 
Extracts containing toxaphene and chlordane are extremely rare so an initial single point 
calibration is employed. Single standards of Aroclors, toxaphene, and chlordane are 
required to aid the analyst in pattern recognition and are also used to determine the initial 
calibration factor for each analyte. If the sample extract contains toxaphene or chlordane 
above the reporting limit, a three-point calibration will be analyzed for the target analyte 
followed by re-analysis of the sample extract. The three point calibration points will be 
diluted from the stock standard and must be at concentrations that will bracket the 
concentration of the sample. This three-point calibration method will be used to 
determine the final calibration factor for the target analyte. The CF is calcujated by using 
a minimum of three to five peaks for the multi-component pesticide and PCB standards. 

4.6.4 The choice of a specific calibration model should be made in one of two ways. The first 
is t~ begin v ~ i i h  the simplest approach, the line% model throiigh the origin, and 
progressing though the other options uniil the calibrzition acceptance criteria are met, or - ,  

until the analyte is best represented by a calibration model. The second approach is to 
use a prior2 knowledge of the detector response to choose the calibration model. Such 
knowledge may come from previous experience, knowledge of physics of the detector, or 
specific manufacturer's recommendations. 

4.7 Linear Calibration 

4.7.1 External standard initial calibration data is evaluated by determining the %RSD of the 
calibration factors. 

4.7.2 CFs are calculated using the equation: 

response 
CF = 

ng injected 

4.7.3 The calculated CFs are tabulated and the %RSD calculated. There are no compound- 
specific criteria. All %RSDs must be within 15% for each analyte plus recovery of all 
analytes must be within 80-120%. 

4.7.4 Corrective action 

4.7.4.1 If the criteria are not met, the instrument must be re-calibrated or if appropriate, an 
alternative calibration model employed. The appropriate calibration model can be 
selected through the use of the GC initial calibration exceptions report. This is 
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available as a ternpiate in Microsoft Excel. 

4.8 ??on-linear Calibration 

4.8.1 In situations where the analyst knows that the instrument response does not follow a 
linear model over a sufficiently wide working range, or when the other approaches 
described here have not met the acceptance criteria, a non-linear calibration model may 
be employed. 

4.8.2 When using a calibration model for quantitation, the curve must be continuous, 
continuously differentiable and monotonic over the calibration range. The model chosen 
should have no more than four parameters, i.e., if the model is polynomial, it may be no 
more than third order, as in the equation: 

4.8.3 The statistical considerations in developing a non-linear calibration model require more 
data than the more traditional linear approaches. A quadratic (second order) requires a 
minimum of six standards, and a third order polynomial requires seven standards. Do not 
force the line through the origin, i.e., do not set the intercept as 0, and do not include the 
~I.;lgin (0,0) zs a cdilibra:izln point. The rZ value miist be L 0.990. 

4.8.4 Whichever option is employed, a surrogate concentration must fall within the calibration 
range. 

4.8.4.1 A set of three to five rnzjor peaks is selected fc: each mtrlticornpotlent analytc. These 
should be characteristic of the multicomponent analyte in question. Retention time 
windows and calibration factors are generated for each of the peaks chosen. 

4.8.5 Corrective action 

4.8.5.1 If the criteria are iioi met, the instrument must be re-calibrated 

4.9 Second 'Source Standards (Initial Calibration Verification-ICV) 

4.9.1 A second source standard containing pesticides and Aroclor 1660, must be analyzed after 
each initial calibration. The standard should be prepped at a concentration at varied 
concentration levels. The %D for each second source standard must be within 20%. 

4.9.2 Correctiveaction 

4.9.2.1 If the criteria are not met, the second source standard is reanalyzed. Alternatively, a 
standard from an additional source may be required if there continues to be differences 
> 15%. 
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4.1 0 Daily Calibration Check 

4.10.1 Concentration and/or CF Criteria 

4.10.1. I At the beginning of an analysis sequence analyze a mid-range calibration standard. The 
computed calibration factor (CF) or concentration measurement must meet the criteria 
detailed below. 

4.10.1.2 Using the appropriate calculation technique (average CF ) compute either CFs or  
concentration values. For linear calibrations the DCC standard can be verified by 
calculating either the percent difference or the percent drift. 

4.10.1.2.1 The percent difference calculation compares the DCC CFs to the mean CFs from the 
initial multi-point calibration. The percent difference is calculated as follows: 

where: 
Cv = Calibration Factor 

C'F = Mean Calibration Factor, 

4.10.1.2.2 The percent drift calculation compares the DCC calculated concentrations to the 
theoretical (or actual) concentration of the DCC standard. The percent drift is 
calculated as follows: 

where: 
C,= Caicutated Concentration 
CT = Theoretical Concentration 

4.10.1.3 There are no compound-specific criteria. The %D results should be within +15% of the 
average CF or expected concentration from the initial calibration for each analyte, or 
averaged across all analytes in the continuing calibration standard. 

4.10.2 Corrective action 

4.10.2.1 lf the DCC criteria are not met, no sample extracts can be analyzed. Perform system 
maintenance and re-check the DCC. If the criteria still cannot be met, the system must 
be recalibrated. 

4.1 1 Updating Retention Time Windows 

4.1 1.1 The retention time windows for compound identification are updated using the retention 
times for each target analyte in the mid-point calibration standard of the initial calibration 
as the center of the window and the previously determined retention time window half- 
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width to establish the retentior. time range to be used for compound identification 

4.12 Ifistmment Blank 

4.12.1 Criteria 

4.12.1.1 A.ny sample that is suspected of containing high concentrations of target analytes should 
be followed by an TBLK or solvent rinse. This TBLK analysis is used only to make a 
judgment as to the possibility of carry-over into the sample extract immediately 
following the IBLK. Evaluation criteria are detailed below. 

4.12.2 Corrective action 

4.12.2.1 IBLKs used to n.lonitor for possible carryover in high concentration extracts (those 
IBLKs optionally placed into the sequence following suspected high concentration 
extracts) are used to flag the possibility of analyte carryover into the following sample 
extract. The extract immediately following the out of control IBLK may need to be re- 
analyzed if there is a detectable amount at % the reporting limit ofthe analyte found in 
the IBLK. 

4.13 Continuing Calibration Verification 

4.13.1 The continuing calibration is verified each 12 hours by injection of a calibration standard. 
SW 846 requires that the calibration standard be injected at a frequency of not less than 
once every 20 samples (the frequency of every 10 samples is recommended to minimize 
the number of reinjection due to QC failure). Laucks analyzes the continuing calibration 
standards every 10 samples or every 12 hours, whichever is deemed appropriate by the 
analyst. In addition, rhis standard must be the last injection made in the analysis 
sequence. 

4.13.2 Criteria 

4.13.3 After 12 hours, a CCV standard is analyzed. The CF or concentration for each analyte is 
calculated and the percent difference or percent drift is calculated as shown above. 

4.13.4 The %D results should be within +I 5% of the average CF or expected concentration from 
the initial calibration for each analyte, or averaged across all analytes in the continuing 
calibration standard. 

4.13.5 The retention times for all target analytes must fall within the RT windows established by 
the mid-point of the initial calibration. 

4.13.6 Corrective Action 

4.13.7 Check calculations or perform instrument maintenance. To validate the quantitation of 
target analytes in analytical samples, the samples must be bracketed by in-control CCVs. 
However, CCV CFs can be outside the control limits as long as this was due to an 
increase in response and the corresponding samples contain no detectable levels of the 
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target analyte for which the CF is out of control. 

4.14 Method Blanks 

4.14.1 Criteria 

4.14.1.1 Method blanks are used to verifL contalnination free reagents and apparatus, They are 
prepared with every set of samples extracted at the same time or one blank every 20 
samples which ever is more frequent. Any analyte response above % the reporting limit 
is considered out of control. 

4.14.2 Corrective action 

4.14.2.1 Corrective action may necessitate re-extraction of the sample set. For example, if an 
analyte were found in the blank but not in any of the associated samples then the sample 
group may not require re-extraction. In any event it is the laboratory's responsibility to 
ensure that method interferences caused by contaminants in solvents, reagents, 
glassware, and other sample processing hardware leading to discrete artifacts and/or 
elevated baselines in the chromatograms be minimized. In the extreme case of chronic 
contamination, blanks may have to be analyzed from each stage of the sample 
processing to determine the contamination source so it can be eliminated. In aH cases 
where blank contamination exceeds the control limit a narrative comment must be made 
which documents the corrective actions taken. 

4.15 Blank Spikes (LCS) 

4.15.1 Criteria 

4.1 5.1.1 A blank spike follows the same protocol as with the matrix spike analysis except that 
the spiking solution is added to a method blank solution instead of an actual sample. A 
method blank with added analytes is a blank spike. A blank spike is the same as a QC 
check standard and LCS (Laboratory Control Sample). The single component 
pesticides and Aroclors 1016/1260 are spiked into the LCS. A subset of the single- 
component target analytes can be substituted for the f i l l  list if specified in =reject- 
specific contracts or workplans. The LCS and matrix spike should consist of the same 
components at the same concentration levels in order to accurately evaluate matrix 
interference in the MS/MSD samples. 

4.15.1.2 Blank spike recoveries must meet the criteria specified in the LIMS. 

4.1 5.2 Corrective action 

4.15.2.1 The blank spike is used to determine whether a method is in control during sample 
preparation and analysis. Sample re- extraction and re-analysis would be triggered by 
an out of control blank spike only if the sample surrogate recoveries and MSLMSD 
spike recoveries indicated sample processing errors. 
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4.16 Matrix Spike 

4.16.1 Criteria 

4.16.1. I A sample is chosen at random from the samples to be analyzed, and an aliquot of 
spiking solution is added to this sample prior to extraction. It is required that a matrix 
spike analysis be performed with each extraction batch. The minimum frequency for 
MS analysis is 1 each per 20 samples per matrix. This matrix spike sample is used to 
evaluate the matrix effect of the sample upon recovery of the analytes. The recovery of 
spike analytes is calculated as follows: 

where: 
MS = concentration in spiked sample 
SA = native concentration in unspiked sample 
S = spike amount' 

4.1 6.1.2 The recovery criteria are detailed in the LMS.  In the instance that the native target 
analyte concentration is greater than 5x the spike concentration, the MS recovery 
control limits do not zppIy. 1" this crsse, treat tile I"v"IS/MSB pair as iiupiicates and report 
them as such in the LIMS. 

4.16.2 Corrective action 

4.16.2. I Samples with spike recoveries outside control limits will be reviewed for p~ss ib le  
corrective action. Corrective action may involve recalculation, re-extraction, and/or 
reanalysis. This process should also look at the recovery of surrogate compounds in the 
MS sample and at the recovery of matrix spiking compounds fiom the extraction batch 
blank spike analysis. In all cases a narrative explanation of the condition is required to 
detail the corrective actions taken. 

4.17 Matrix Spike Duplicate 

4.17.1 Criteria 

4.17.1.1 The compound recovery criteria are identical to those for the matrix spike sample. In 
addition, the matrix spike duplicate is used to measure method precision. This is done 
by computing the relative percent difference (RPD) between the matrix spike and 
matrix spike duplicate recovery values. This calculation is as follows: 
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M 

where: 
x = measured concentration for MS sample 
6 = measured concentration for MSD sample 

4.17.1.2 RPD control limits are detailed in the LMS. 

4.17.2 Corrective action 

4.17.2.1 Lfa trend in out of control RPD values is observed, the methods used must be examined 
to determine the source of variance. Once this source is identified, the method must be 
changed so that samples can be analyzed with a predictable reproducibility. 

4.18 Surrogate Recovery 

4.18.1 Criteria 

4.18.1.1 Surrogates are chemically similar compounds added to every sample, methcd blank, 
and QC sample prior to sample processing. They are used to monitor for potential 
sample processing errors and tnarrix effects. Surrogate compound recoveries are 
calculated as follows: 

Srn x 100 
% recovery = 

S a  

where: 
S, = concentration of surrogate measured in extract 
Sa = concentration of surrogate added 

4.18.1.2 Detailed surrogate recovery control limits are tabulated in the LIMS. 

4.1 8.2 Corrective Action 

4.18.2.1 Check' calculations for possible error. Low surrogzte recoveries are greater potential 
indicators of poor method performance than high surrogate recovery since non-GCMS 
methods cannot. separate co-eluting interferences. Hence corrective action is not 
required for high surrogate recoveries. 

4.18.2.2 Low surrogate recoveries in the method blank may require that all the samples in the 
associated batch be re-extracted and re-analyzed. In any case, it is imperative to - . 

identify the problem associated with low recovery so that it can be corrected. It is a 
requirement that all out of control surrogate recoveries and the corrective action taken 
be discussed in the narrative. 
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5 Operation procedures 

5.1 Chromatographic Conditions 

5.1.1 The following general operating parameters are used on gas chromatographs to  perform 
this method utilizing megabore (0.45 rnm) columns: 

Carrier gas: 
Column flow: 
Make-up gas: 

Make-up flow: 
Injector: 
Injector temperature: 
Injection: 
Injection volume: 
Initial temperature. 
Initial hold time: 
Temperature ramp: 
Final temperature: 
Fina! hold time: 
EC detector tetnyerature: 

helium 
8 mL/min 
argonlmethane (95%/5% High Purity 
grade) 
70 d m i n  
Grob-type, splitless 
205°C 
split1 ess 
2pL (split - 1 pL per column) 
150°C 
0.5 min 
4S°C per min 
2 7 5 O C .  
10 rnin 
3 50°C 

5.1.2 The following general operating parameters are used on the 6890 gas chromatograph 
equipped with 0.32 mm colu~nns for Pesticides: 

Carrier gas: 
Make-up gas: 
Column flow: 
Make-up flow: 
Pulsed pressure: 
Pulsed time: 
Purge flow: 
Injector: 
Injector temperature: 
Injection: 
Injection volume: 
Lnitial temperature: 
Initial hold time: 
Temperature ramp: 
Final temperature 1 : 
Final time 1 : 

helium 
argodmethane (95%/5% High Purity grade) 
3.6 mL/min 
30 mL/min 
55.0 psi 
0.60 min. 
50.0 mL/min 
splitless, single-taper 
250°C 
splitless 
1 pL (split - 0.5 pL per column) 
l 10°C 
0.5 min 
15OC per min 
320°C 
2 min 

The following general operating parameters are used on the 6890 gas chromatograph 
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equipped with 0.32 mm columns for FCBs: 

Carrier gas: 
Make-up gas: 
Column flow: 
Make-up flow: 
Pulsed pressure: 
Pulsed time: 
Purge flow: 
Injector: 
Injector temperature: 
Injection: 
Injection volume: 
Initial temperature: 
Initial hold time: 
Temperature ramp: 
Final temperature 1 : 
Final time 1 : 
Rate 2 
Final temperature 2: 
Final time 2: 
EC detector temperature: 

helium 
argonfmethane (95%/5% High Purity grade) 
2.6 mL/min 
35 mumin 
55.0 psi 
0.60 min. 
50.0 mL/rnin 
splitless, single-taper 
250°C 
splitless 
1 pL (split - 0.5 pL per column) 
150°C 
0.5 min 
25OC per min 
250°C 
1 min 
15°C per min 
340°C 
2.00 min 
350°C 

These GC conditions should be optimized for analyie separation and sensitivity with a 
particular pair of columns and detectors. Once optimized, the same conditions must be used 
for the znalysis of all standards, samples, blanks and spikes. 

5.2 Sample Analysis 

5.2.1 Analysis sequence 

5.2.1.1 See Appendix I1 for a detailed analysis injection sequence. 

5.2.2 Compound Identification 

5.2.2.1 Compounds are tentatively identified if a peak elutes in the retention time window 
characteristic of that compound on the column 1. To confirm the presence of that 
compound in the sample extract, the peak must also elute in its characteristic retention 
time window on a second column. Retention time windows are established as 
previously described and the absolute retention times are updated each QC period. 
Compounds can only be identified if the ICV and CCV criteria previously detailed are 
strictly adhered to. 

5.2.2.2 The experienced analyst's judgment weighs heavily in evaluating chromatograms for 
compound identification. For instance, the retention times of surrogate compounds may 
be outside their expected windows due to sample matrix effects. The analyst may 
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decide to re-adjust the target analyte's retention time windows on an ad hoc basis based 
on such an observed shift. This can occur only on a sample-specific basis and is used 
when the analyst examining the data suspects that a retentinn time shift has ~ccurred. If 
this is done, it must be hlly documented in the case narrative notes. 

5.2.2.3 Identification of multicomponent analytes occurs when the retention times and ratios of 
each of the multicomponent peaks present in the sample match the peaks chosen for the 
particular multicomponent analyte in the initial calibration. These same conditions 
must be met on both columns in order to confirm the presence of the multicomponent 
analyte. The experienced analyst's judgment weighs heavily in evaluating the patterns of 
multicomponent analytes with regards to weathering and matrix interferences. 

5.2.3 Coinpound Quantitation 
Target compound concentrations are calculated using the following equations: 

5.2.3.1 .4queous samples 

5.2.3.1.1 The external standard equation, as expressed in SW 846 is: 

( P , X ) ( V ,  j(D) 
Concentration (pg / L) = 

(CFm )(F<)(V:] 
where: 

Ax = Response for the analyte in the extract, in area or height units. 
CF,, = Multi-point average CF 
Vj  = Volume of extract injected, pL. 
D = Dilution factor of extract. The final result of an algebraic multiplication of the ratio 

of all dilution final volu~nes to initial volumes. For example, if and extract was 
diluted 100 pL to 1000 pL and subsequently diluted an additional 100 pL to 
1000 jiL,, the expression would be: (100011 0) * (1000/i0) = 100 * 100 = 10,000. 
If no dilution was made, D = I .  

;Eft = Volume of total extract, pL. 
V, = Initial sample size, mL. 

The reported concentration for multicomponent analytes calculated is based on an 
average of the concentrations determined for each of the peaks chosen for calibration. 

5.2.3.1.2 To report concentrations in alternate units, apply an appropriate factor: 
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5.2.3.2 Non-aqueous samples 

5.2.3.2.1 The results calcuiation for non-aqueous samples is very similar to that for aqueous 
samples. The only difference is the inclusion of a total solids term to calculate the dry 
weight equivalent of the initial sample size. 

CO?ZC. (pg 1 kg) = (R ) (V ,  I@) 
(CF, )(Yi>(W>(TS/I 00) 

where: 
W = Weight of sample extracted or purged, grams 
TS = Total solids, percent. 

The reported concentration for multicomponent analytes is based on an average of the 
concentrations determined for each of the peaks chosen for calibration. 

5.2.4 Sample Dilution 

5.2.4.1 If the responses in the sample chromatogram exseed the catibratio:: range of the system, 
dillrte the extract m d  rezr?a!yze. The dilution should be made so that the concentration 
of the analyte requiring dilution is in the mid to upper calibration range. 

5.2.5 Sample Confirmation 

5.2.5.1 When a dual column /dual detector GC technique is employed, a P flag indicates that 
calculated results from the two determinations differ by more than 40%. If the results 
from one column is significantiy higher (40%) the chro~natogram is checked for 
overlapping peaks, or irregular baseline integration. If no anomalies are discovered, the 
lower result is reported in order to employ the conservative approach relative to 
protection of the environment. 

6 Reports 

6.1 Data Packet Organization 

6.1.1 See Appendix III for a checklist detailing data packet organization. 

6.2 Quality Control Reports 

6.2.1 All results forquality control tests are entered into the quality control database. Printouts 
of all data entered must be included in the data packet. The routine minimum is a method 
blank report, a blank spike report, and an MSMSD report. 
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6.3 Sample Result Reporis 

6.3.1 Data Qualifying Flags 

6.3.1.1 Sainple report results are qualified with data qualifying flags. These flags have the 
following definitions: 

Code Detinition 
U The analyte of interest was not detected, to the reporting limit indicated. 
B The anaIyte of interest was detected in the method blank associated with the 

sample, as well as in the sample itself. The flag is applied without regard to the 
relative concentrations detected in the blank and sample. 

J The analyte of interest was detected below the practical quantification limit. This 
value should be regarded as an estimate. 

D The value reported is derived from the analysis of a diluted sample or sample 
extract. 

P When a dual column /dual detector GC technique is employed, this flag indicates 
that calculated results from the two determinations differ by more than 25%. If 
the results from one column is significantly higher (25%) the chromatogram is 
checked for overlapping peaks, or irreguiar baseiine integration. Tf no anomalies 
are discovered, the higher result is rsported In order to employ the conservstive 
approach relative to protection of the environment. 

E The value reported is based on a sample or sample extract in which the target 
analyte concentration exceeded the calibration range. The value reported should 
be considered an estimate. 

C The target analyte's presence was confirmed by GC/MS. 

6.4 Control Chart(s) 

6.4.1.1 The recovery values for all individual pesticides, Aroclor 1016, Aroclor 1260, TCMX, 
and DCB in the Blank Spike are plotted on control charts. 
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APPENDIX I 

5898 Standard Solution Concentrations, vg/L 

Cornpauild 
alpha-BHC 
beta-BHC 
delta-BHC 
gamma-BHC (Lindane) 
alpha-C hlordane 
gamma-Chlordane 
Heptachlor 
Aldrin 
Heptachlor epoxide 
Endosulfan I 
Dieldrin 
4,4'-DDE 
Endrin 
Endosul fan 11 
4,4'-DDD 
End~su!fzr. sulfate 
4,4'-DDT 
Methoxychlor 
Endrin atdehyde 
Endrin ketone 
Toxaphene 
Aroclor- 1 0 1 6 
Aroclor-I22 1 
Aroclor- 1232 
Aroclor- 1242 
Aroclor- 1248 
Aroclor-1254 
Aroclor- 1260 100 
2,4,5,6-tetrachloro-m-xylene 5.0 
Decachlorobiphenyl 10.0 
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6890 Standard Soiution Concentrations, ug/L 

Cornpound STDl 
alpha-BHC 4.0 
beta-BHC 4.0 
delta-BHC 4.0 
gamma-BHC (Lindane) 4.0 
alpha-Chlordane 4.0 
gamma-C hlordane 4 0 
Heptachlor 4.0 
Aldrin 4.0 
Heptachlor epoxide 4.0 
Endosulfan I 4.0 
Dieldrin 8.0 
4,4'-DDE 8.0 
Endrill 8.0 
Endosulfan I1 8.0 
4,4'-DED 8.0 
Endosulfan sulfate 8 0 
4.4'-DDT 8.0 
Methoxychlor 40.0 
Endrin aldehyde 8.0 
Endrin ketone 8.0 
Toxaphene 
Aroclor-I 016 5 0 
Aroclor-122 1 
Arocl01--1232 
Aroclor- 1242 
Aroclor- 1248 
Aroclor-1254 
Aroclor- 1260 50 
2,4,5,6-tetrachloro-m-xylene 4.0 
Oecachlorobiphenyl 8.0 
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Calibration Stock Solutions, m g l i  

Compound 
alpha-BHC 
beta-BHC 
delta-BHC 
gamma-BHC (Lindane) 
alpha-Chlordane 
gamma-Chlordane 
Heptachlor 
Aldrin 
Heptachlor epoxide 
Endosulfan I 
Dieldrin 
4,4'-DDE 
Endrin 
Endosulfan 11 
4,4'-DDD 
Endosulfan sulfate 
4,4'-DDT 
Methoxychlor 
Endrin aidehyde 
Endrin ketone 
Chlordane - technical 
Toxaphene 
k ~ c l o r - l O  16 
Aroclor-1221 
Aroclor-1232 
Aroclor- 1242 
Aroclor-1248 
Aroclor- i 254 
Aroclor- 1260 
lA.roclor- 1262 
'Arodor-1 208 

Mix 
Al3 
AB 

AB 
AB 
AB 
AF3 
AB 
AB 
AE3 
AB 
AF3 
AB 
AB 
AB 

AE3 
AB 
AB 
AB 

TChlor 
Tox 

fiR1660 
AR1221 
AR1232 
AR1242 
AR1248 
AR1254 
AR1660 
AR1660 
AR1660 

Con re 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5 .O 
5.0 
5.0 
10.0 
10.0 
10.0 
10.0 
10.0 
!C.O 
10.0 
50.0 
10.0 
10.0 
1000 
500 
100 
100 
100 
100 
100 
i 00 
100 
100 
100 

' These Aroclors are required only for specified DoD projects.' 

Laucks Testing Laboratories, htc. 
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Breakdown Check Solution 

Colnpound 
4,4'-DDT 
Endrin 

Compound 
2,4,5,6-tetrachIoro-m-xylene 
Decachlorobiphenyl 

Concentration pg/mL 
I 00 
100 

Surrogate Stock Solution 

Concentration pg/mL 
200 
200 

Laucks Testing Laboratories, Inc. 
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Injection 

17 -26  
Last 
Last 

Injection 

17 - 26 
last 
last 

APPENDIX TI 

Analysis Sequence-O.45mm ID 

Sample 
hexane rinse 
breakdown check standard (PEM) 
ICV standard W A B M  
1CV standard multi-components(for PCB only analysis - can replace above 3 stds) 
up to 10 subsequent sample or QC extracts 
solvent rinse or IBLK (optional - not required) 
CCV standard INDABM 
CCV standard multi-components (for PCB only analysis - can replace above 2 
stds) 
up to 10 subsequent sample or QC extracts 
CCV stmdard INBABM 
CCV standard multi-components (for PCB only analysis - can replace above 2 
stds) 

Analvsis Se~uence-0.32mm ID 

Sample 
hexane rinse 
breakdown check standard (PEM) 
ICV standzid INDABM 
T,-7 I -r 
IL Y s~anda-d multi-componentsjfor PCB only analysis - can replace above 3 stds) 
up to 10 subsequent sample or QC extracts or 12 hours 
solvent rinse or LBLK (optional - not required) 
CCV standard INDABM 
CCV standard multi-components (for PCB only analysis - can replace above 2 
stds) 
up to 10 subsequent sample or QC extracts or 12 hours 
CCV standard INDABM 
CCV standard multi-components (for PCB only anstljrsis - can replace above 2 
stds) 

h u c k s  Testing Laboratories, lnc. 
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APPENDIX 111 

Data Packet Order 

Analysts 'Client' Comment (hard copy and floppy) 
Surrogate Recovery Summary Report 
Blank Spike Report 
MSMSD Report 
Method Blank Sunlrnary 

11. SAMPLE DATA: 

Organic Analysis Data Sheet 
Sample Confirmation Worksheet 
Chromatograms, column 1 
Chromatograms, column 2 
Chromatographic Report, column ! 
Chromatographic Report, column 2 

111. STPJ.9ARD DATA: 

Linearity Report 

Linearity Standards: 
Chromatograms, column I 
Chromatograms, column 2 
Chromatographic Report, column 1 
Chromatographic Report, column 2 

Second Source Standards: 
Chromatograrns, column I 
Chromatograms, column 2 
Chromatographic Report, column I 
Chromatographic Report, column 2 

Continuing Calibration Standards: 
CCV Report 
Chromatograms, column 1 
Chromatograrns, column 2 
Chromatographic Report, column 1 
Chromatographic Report, column 2 

k u c k s  Testir~g Laboratories, Inc. 
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APPENDIX m, continued 

Other Standards LJsed to Support Sample Data and Instrument B!anks 

V. Raw QC Data: 

Method Blank 
Chromatograms, column 1 
Chromatograms, column 2 
Chromatographic Report, column 1 
Chromatographic Report, column 2 

Blank Spike 
Chromatograms, colu~nn 1 
Chromatograms, column 2 
Chromatographic Report, column 1 
Ckiomatographic Report, coltirnit 2 

Matrix Spike 
Chromatograms, column 1 

-- Chromatograms, column 2 
Chromatographic Report, column 1 
Ckiomatographic Report, column 2 

Matrix Spilce Duplicate 
Chromatograms, column 1 
Chromatograms, column 2 
Chromatographic Report, column 1 
Chromatographic Report, column 2 

Laucks Testing Luboratories, Inc. 
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APPEXDIX UP, continued 

V. Bench Sheets 

SDG Print out 
Total Solids, if applicable 
Extraction Bench Sheets 
Injection Sequence (ICAL Summary, Batch Summary) 
calculations, HTVR 
Standards Logs 

VI. Reject Data: 

DO NOT COPY DO NOT PAGINATE 

Data not used to support sample results. 
A11 data acquired but rejected due to out of contro! QC. 
Non-routine standards used to support sample data should be placed at the last of the 
Standard Dat8 sectin.. 

Latreks Testing Laboratories, Ir~c. 
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APPENDIX IV 

Method 8081B OA Reqinireneriis and Corrective Actions: 

initial 
Calibration 

Second Source 
Standard 

Daily 
Calibration 
Check 

Continuing 
Calibration 
Verification 

Breakdown 

Method Blank 

Method 
criterion 

5 calibration 
stds for linear, 6 
stds for 
quadratic, for 
all single and 
multi- 
components, 
%RSD 215% 
for each 
anaIyte. 
All analytes 
must be within 

Must be 1 1  5% 
D for each 
aiialyte. 

Must be k15% 
D for each 
analyte. 

Endrin and 
DDT 
breakdown 
must be <= 1 5% 
Presence of any 
target analytes 
must be below 
MDL 

Laucks 
Criterion 

5 calibration 
stds for linear, 6 
stds for 
quadratic, for 
all single and 
multi- 
components, 
%RSD 1 1  5% 
for each 
analyte. 
All analytes 
must be within 

Must be +15% 
D for each 
analyte. 

Must be +15% 
D for each 
analyte. 

Endrin and 
DDT 
breakdown 
must be <=15% 
Must be below 
1/2 the reporting 
limit 

Frequency 

After 
performing 
major 
instmment 
maintenance or 
when persistent 
difficulties 
meeting CCV 
criteria occur. 

Performed after 
each initial 
r,a!ibraticn. 
At start of each 
new analytical 
sequence, or 
daily if RTs' 
shifi 

Every 10 
samples or 
every 12 hours. 

At the 
beginning of 
each sequence. 

Every analytical 
batch or 1 per 
20 samples 

Corrective I Documents tion 

obtain third with the ICAL. 

Action 
Recalibrate or 
narrate faults if 
possible 

Narrative 

s o w e .  
Rerun with new 
ICV, instrument 
maintenance, 
&/or recalibrate 

Narrative 

possibie) 
Rerun with new 

(or narrate if 1 

Narrative 
ICV, instrument 
maintenance, 
&/or recalibrate 
(or narrate if 
possible) 
Rerun, 
i~lstrument 
maintenance 

Laucks Tesiir~g Lubormries, li~c. 

Narrative 

Report 
quantitated 
contaminants 
with a "B" flag, 
or re-extract if 

Case narrative 
and corrective 
action form if 
re-extracted 
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QA Element Method 1 Laucks 

Srirrogate 
Recovery 

Criterion 
Limits to be 
determined by 
the lab. 

Matrix Spike 
Recovery 

Frequency 
Criterion 

Listed in LGAS 

MSMSD RPD 

Every samp!e 

Limits not 
specified. 

Every analytical 
batch or 1 per 
20 samples 

Lis'ted in LIMS 

Limits not 
specified 

Every analytical 
batch or 1 per 
20 samples 

Listed in LIMS 

Corrective 
Action 

Where 
contractually 
required, all 
surrogates   nu st 
be within 
control limits. 
If other QC is in 
control, narrate; 
otherwise re- 
extract 
If other QC is in 
control, narrate; 
otherwise re- 

Blank Spike 
Recovery . 

1 Documentation 

Case 11arrative 
and corrective 
action form if 
re-extracted 

Limits not 
specified. 

Standard 
Reference 
Material (SRM) 
Recoverv 

1 and corrective 1 

Only if 
requested 

action form if 1 

Listed in LIMS 

Reanalyze or 
re-extract and 
reanalyze SRM 

Not required. 

and corrective 
action form if 

Not required. 

and corrective I 
action form if 
re-extracted 

Every analytical 
batch or 1 per 
20 samples 

Case narrative 1 
and corrective 
action form if 
re-extrzcted' 

extract 
If other QC is in 
control, narrate; 
otherwise re- 
extract 

!.'-- 
, ... I \ +.-. 

Laucks ~ e s t z n ~  . . .  y .,,,. ~aboratories, ~ n c .  
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APPENDIX V 

Cosn~uund Elution order on DB5 and DB608 R,Ieeabore (0.45 rnm Dj Columns 

Dl35 
Tetrachloro-m-xylene 
alpha-BHC 
beta-BHC 
gamma-BHC (Lindane) 
del ta-BHC 
Heptachlor 
Aldrin 
Isodrin 
Heptachlor epoxide 
gamma-Chlordane 
Endosulfan I 
alpha-Chlordane 
4,4'-DDE 
Dieldrin 
Endrin 
Endosulfan I1 
4.4'-DDD 
Endrin aldehyde 
Enclosulfan sulfate 
4.4'-DOT 
Endrin ketone 
Met hoxychlor 
Decachlorobiphenyi 

DB608 
Tetrachloro-m-xylene 
alpha-BHC 
gamma-BHC (Lindane) 
beta-BHC 
Heptachlor 
delta-BHC 
Aldrin 
Isodrin 
Heptachlor epoxide 
gamma-Chlordane 
alpha-Ctllordane 
Endosulfan I 
4,4'-DDE 
'Dieldrin 
Endrin 
4,4'-DDD 
Endosulfan I i  
4,4'-DDT 
Endrin aidehyde 
Endosuifan sulfate 
Methoxychlor 
Endrin ketone 
Decachlorobiphenyl 

Laucks Testing Laboratories, Iric. 
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Compound Elution order on DBXLB and DB35ms Canillan (0.32 mm ID) Colurnns 

DBXLB 
Tetrachloro-m-xylene 
alpha-BHC 
gamma-BHC (Lindane) 
bet a-BHC 
delta-BHC 
Heptachlor 
Aldrin 
Heptachlor epoxide 
gamma-Chlordane 

. alpha-Chlordane 
Endosulfan I 
4,4'-DDE 
Dieldrin 
Endrin 
4,4'-DDD 
Endosulfan 11 
Endrin aldehyde 
4,4'-DDT 
Endos~lfzn s~lfate 
Methoxychlor 
Endrin ketone 
Decachlorobiphenyl 

DB35ms 
Tetrachloro-m-xylene 
alpha-BHC 
gamma-BHC (Li ndane) 
beta-BHC 
Heptachlor 
delta-BHC 
Aldrin 
Heptachlor epoxide 
gamma-Chlordane 
alpha-Chlordane 
Endosulfan I 
4,4'-DDE 
Dieldrin 
Endrin 
4,4'-DDD 
Endosulfan I1 
4,4'-DDT 
Endrin aldehyde 
Endcs~!fzn sulfzte 
Methoxychlor 
Endrin ketone 
Decachlorobip henyl 

Latreks Testing Laboratories, Inc, 
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APPENDIX VlI 

Flow Chart 
COh4BlNEU METHODS 8081A/8082 

FLOW CHART 

=_ Perform 
miti-mint 4 
calibration 

Perlorm Instrument 
5 maintenance or 

remake standards. 

Chanae 

15% 

since Standard[$ 

lniect Samples 
+ I Im rn;g man b p i  

lniect CCV 
Standard(s1 

s a d e  and CC 

Dilute sample 
and reanalyze 

tinhest conc. 
from 2 columns 
wifh aDWopnate 

flags.. 

I Rewrt result as 
not-detected. I 

'These steps can be eliminated if analyzing for SW8082 compounds only 

Laucks Testing Laboratories, 1 ~ 1 ~ .  
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Surrogate 
re-analyze recoveries 
affected 

recoveries 
>LCL? 

associated 
s""€(s). , 

t 
1-f 

re-analyze 
affkted 

COMBINED 
8081N8082 FLOW CHART 

4-1 
re-analyze 

>15% on both columns 
due to decreased 

Re-analyze samples 
If analyte conc. >RL 
on both columns. 
Otherwise report 

result as 
not-detected. 

t 
Re-analyze samples if 

inconbcl column 
exhibits analyte conc. > >15% on one column 
RL. Otherwise report due to decreased 
result as not-detected 

Report positive results >I 5% on one column 
from in-control column due to Increased 
and include narrative 

comment 

Laucks Testing Laboratories, Inc. 
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Appendix VIIl 
Agency Requirements for SW SOSl 

SW 846 
Acceptance 

MDL Study 

Laucks Testing Laboratories, Inc. 

USACE 
Acceptance 

/ PC Check I 
I / 

I 

Retenti~n + 30 over a 72 - 
Time Window hour period for 

] each analyte 
0.03 minutes, 

Criteria 

I 
Minimum Five 
Point Initial 
Calibration 

Second 
Source 

DoD 
Acceptance 

AFCEE 
Acceptance 

Criteria 

Option 1: RSD 5 
20% 

Option 2: Linear 
- r 2 0.995 

Option 3: Non- 
linear 
regression: 
coefficient of 
determination ? 
2 0.99 

%D within + 
20% 

See 40 CFR 
136B. SIN > 3 for 
MDL verification. 
Every 12 months, 
or quarterly for 
MDL verification 

Detection lirnits 5 
112 RL listed in 
appropriate 
AFCEE table. 
Every 12 months. 

Criteria 

Option 1 : 
Averaged - 
Grand mean RSO 
5 20% 

Option 2: Linear 
- r 20.995 

Option 3: Non- 
linear 
regression: 
coefficient of 
determination ? 
> 0.99 

within & 15% 

Criteria 

Option 1: RSD 5 
20% 

,,*,hi L-.,*.- :- 
u v ~  IIG t G V G l  1 3  

Igreater. 

Option 1 : 
Averaged - RSD 
- < 20% 

Option 2: Linear - 
r 2 0.995 

Option 3: Non- 
linear 
regression: 
coefficient of 
determination r2 
- > 0.99 

within _+ 15% 

Option 2: Linear 
- r 2  0.99 

Option 3: Non- 
linear - i! 2 0.99, 
minimum of 6 pts 
for 2nd order, 
7pts for 3rd order 
AND %D 5 20% 
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Laucks Teszing Labora~ories, Inc. 

USACE 
Acceptance 

Criteria 

Within 4 15%. 

QC Check 1 
1 

t 

SW 846 
Acceptance 

Criteria 

Set at retention 
Arne of first CCV 
of the analytical 
sequence, or of 
the midpoint 
standard if 
samples were ran 
after the ICAL 

Within k ?5% 

DoD 
Acceptance 

Criteria I 

Retention 
Time 

Beginning and 
end of each 12 
hoili analytical 1 
shift I 

Reqiiired after 
every 20, 
recommended 
after 10 

Less than the 
laboratory 1 
detection limit OR 
Less than 5% of 
the regulatory limit 
OR Less than 5% 
of the sample 
result 
WHICHEVER IS 
GREATER 

Lab-derived 

i 

Method Blank 

AFCEE 
Acceptance 

Criteria 

I 

Continuing 
Calibration 
Verification 

I 

Set at retention 
time of midpoint 
standard of ICAL 

Every 10 field 
'sanpies, 
beginning and 
end of analytical 
run 

1 

Within k 20%. 

Every 10 samples, 
beginning and end 
of analyticai ! sequence 

Laboratory 
Control 
Sample 

Within +_ 15%. 

Analytes e 112 
Nl R t  

50%-130% 
recovery 

No analytes 2 112 
IRL. No common 
laboratory 
contaminant 
analytes 3 RL 

See appropriate 
DoD table, or use 
in-house limits if 

No analytes 2 
RL 

See appropriate 
AFCEE table 



Controlled Document 

Book: 20 Assigned to: Tetra Tech 
Method No:LTL-8084 
Revision: 8 
Date: 04/06/05 
Page: 42 of 45 
Replaces: 7 

Laucks Testing Labora~orzes, Inc. 

reported 
between MDL 
and RL 

Allowable 
Sporadic 
MUFailures 

I 1  - 30 analytes 
- 1  
1 - 10 analytes: 
0 

1 
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Appendix JX 

Water 

Laucb Testing Laboratories, Inc. 
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Soil 

Laucks Testing Laboratories, Irtc. 
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Water 

Soil 

Surrogates 

Tetrachloro-m-xy lene 
Decachlorobiphenyl 

Laucks Testing Laboratories, Inc. 

Limits 

Surrogates 

Tetrachloro-m-xylene 
pecachIorobipheny1 

LCL 
10 
3 2 

UCL 
129 
149 

Limits 
LCL 

6 1 
75 I 

UCL 
129 
158 
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I .  Introduction and Scope 

1.1 Method Description 

This method describes the procedures and specifications for instrumental analysis of 
various chlorinated herbicides in water and soil per Method 815 1A in SW-846 
utilizing capillary columns. Analysis is performed by gas chron~atography using a 
single injection port and splitting into dual GC columns with electron-capture 
detectors. This sj;stein provides quarititsiLion and conf~mation of herbicides from a 
single injection. Dinoseb generaIIy yields poor recoveries using this analysis due to 
difficulty in bringing the analyte througll the hydrolysis stage of the extraction 
procedure. The following tabIe lists the compounds that may be determined by this 
method: 

ABBREVIATION COMPOUND NAME 

2,4-D 
2,4-DB 
2,4,5-T 
2,4:5-TP (Silvex) 
Dalapon 
Dicamba 
Dicl~loroprop (2,4-DP) 
Dinoseb 
MCPA 
MCPP 

2,4-Dichlorophenoxyacetic acid 
4-(2,4-Dichlorophenoxy) butyric acici 
2,4,5-Trichlor~phen~xyacetic acid 
2-(2,4,5-Trichlorophenoxy) propionic acid 
2,2-Dichloropropionic acid 
2-Methoxy-3,6-dichIorobenzoic acid 
2-(2,4-0icldorophenoxyj propionic acid 
2-(sec-Buty1)-4,6-dinitrophenol 
(4-Chloro-2-n~ethylphenoxy) acetic acid 
2,4-(Chloro-2-rnethylphenoxy) propionic acid 

NON-ROUTINE 
COMPOUNDS 

4-Nitrophenol 4-Nitrophenol 
PCP 2,3,4,5,6-Pentachlorophenol 
Picloram 4-Amino-3,5,6-trichloropicolinic acid 
Hexachlorophene Hexachlorophene 

1.2 Method Summary 

1.2.1 Water samples are extracted with ethyl ether and then esterified with either 
diazornethane or pentafluorobenzyl bromide. The derivatives are determined by gas 
chromatography with an electron capture detector (GCIECD). The results are reported 
as acid equivalents. Refer to Laucks' extraction SOP LTL-35 10 for details. 

Laucks Testing Laboratories, Inc. 
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I .2.2 Soil and waste samples are extracted with ethyl ether and esterified with either 
diazomethane or pentafluorobenzy! bromide, The deriv~tives are determilled by gas 
chromatography with an electron capture detector (GCWCD). The results are reported 
as acid equivalents. Refer to Laucks' extraction SOP LTL-3011 for details. 

1.3 Personnel Qualifications 

1.3.1 This method is restricted to use by, or under the supervision of analysts experienced in 
the use of gas chromatography and in the interpretation of chromatograms. Each 
analyst performing this method must have demonstrated the ability tr! p e r f ~ m  the 
described chromatographic analysis and/or data interpretation. 

1.4 Sample Collection, Sample Storage, I-Iolding Times 

1.4.1 Samples are normally collected in glass containers with Teflon-lined caps. All 
samples and sample extracts are stored at 4°C. Water samples must be extracted 
within 7 days of sample collection, soil samples within 14 days of sample collection. 
A11 extracts must be analyzed with 40 days of sample extraction. 

1.5 Definition of Terms 

1.5.1 This section defines terms and acronyms as they are used in this SOP. Other terms, 
such as MSIMSD 01. method blank, are not defined here since it is assumed that the 
Qscr cf this SO? a!ready mderstands their mclre general mehing. 

Batch Identifier 

Blank spike 

ccv 

A number given to each preparation or analysis group which 
uniquely identifies that batch. This number is generally the blank 
ID for prcp2iZti~fi bziches 2nd &her a secjuelice number for 
organic analyses or an analysis number which is similar to the 
blank ID, only preceded by an "A" rather than a "B" for inorganic 
batches. The preparation batch IDS are discussed in other 
documentation. 

A background free matrix (DIW for water, clean sand for 
soils/sediments) to which known amounts of target analytes and 
surrogates are added each time sample extracts ate prepared. In 
the context of this SOP, a blank spike is the same as a QC check 
standard. See also QC check standard. 

Continuing calibration verification. This is the same acronym 
used in the CLP program. This is a standard analyzed at some 
prescribed frequency during the analysis sequence to verify that 
the instrument has remained in calibration. 

Laucks -Testing Laboratories, Inc. 
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CLP 

Corr Coef, CC 

PIW 

ICV 

IDL 

MDL 

Calibration factor. The ratio of analyle instrument response to 
nanograms injected. This term is defined in the same way in both 
the CLP contract and SW 846. 

Contract Laboratory Program. The USEPA program that coiltracts 
with laboratories to provide laboratory services. The term has 
come to mean a much broader set of methods and deliverables. In 
the context of this SOP, CLP means procedures or operations 
which are detA!ed in the CLP coztract c d  which are extended tc a 
broader working definition. 

Coi-relation coefficient. A measure of the "goodness of fit" of a set 
of data to a regression model. The closer the value is to 1, the 
higher the degree of confidence in the correlation. 

Deionized water. Lab reagent water. Organic-free water. Since 
the systems used to provide DIW at Laucks all contain carbon 
polishing filters, t.'n.e,y are capable of providing nrgz~ic-free wder 
for use in method hlzxks and methcc! h!2& snikes. r 

Instrument biank. This term is borrowed from CLP. Blank 
soivent containing the iiieihod siinogates is injected into the 
instrument to monitor for carry over between sampIe extract 
injections. 

Initial calibration verification. This refers to a second source 
standard that is analyzed following each initial calibration. 

Instrument detection limit. The lowest concentration of a target 
anaiyte that will yield a signa1:noise ratio of at least 3x. Used as a 
starting point for selecting MDL study spiking levels. 

Method detection limit. The iowest concentration in a san~ple 
which will yield a positive result that is greater than zero at a 
known level of confidence. MDLs are empirically determined by 
Laucks. 

MDL standard Method detection limit standard. A standard prepared so that the 
concentrations of the target analytes are in the range of l x  to  4x 
the empirically determined MDLs on an extractjdigest basis. This 
standard is used to verify that the instrument is capable of 
detecting the target analytes on an ongoing basis. 

Laucks Testing Laboratories, Inc. 
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PQL or Reporting Limit Practical Quantitation Limit or Reporting Limit- The value used 
when reporting a non-detect. it may be administratively, 
empirically or contractually set. 

QC check standard Quality control check standard. Referred to in this SOP as a blank 
spike. A QC check standard is a requirement of SW 846 method 
8000 and is used to determine whether the analytical system is in 
cnntro! if MSnlrSD recoveries x e  o ~ t  of contrcl. See z!so b!mk 
spike. 

QC period 

RRF 

RSD or %RSD 

RT, Retention time 

RT window 

Quality control period. An analysis sequence initiated by the 
analysis of one or more standards, followed by sanple 
extracts/digests, and terminated with a standard analysis. A QC 
period can be open-ended chronologically, but calibration 
verification must be documented using the procedures in this SOP. 

Relative Res~onse Factor. A rneasime nf the relatiye respmse c?f 
an maSyte compared to its interna! stmdard. Relztive resposse 
factors are determined by analysis of stmdards and are used in the 
caicuiation of concentrations of anaiytes in samples. is 
determined by the foliowing equation: 

Rm = & X- Cis 
Ais Cx 

Where 
A = area of response measured 
C = concentration 
is = internal standard 
x = analyte of interest 

Relative standard deviation or percent relative standard deviation. 
The ratio of the standard deviation of a set of values to the mean of 
the set of values expressed as a percentage. A measure of the 
similarity of the values one to another. 

The time (in minutes) at which a target analyte elutes fiom a 
chromatography column. 

Retention time window. The +I- value which is applied to the first 
CCV to establish the time range used to make tentative compound 
identifications. 

Lauch Testing Laboratories, Inc. 
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Sequence A set of sample extractsldigests and standard solutions introduced 
into an ilisimnieni in a chronoiogicaliy continuous group. See also 
QC period. 

2. Equipment List and Standards 

2.1 Chromatographic Systein 

2.1.1 This analysis i-eqiiires a gas chromatograph with a programmable oven, heated 
injection poi?, dual electron-capture detectors, autosampler and an electronic data- 
acquisition system. 

2.1.2 Equipment list: 

Gas chromatograph: Hewlett-Packard 5890, Agilent 6890 or equivalent 

Autosampler: Hewlett-Packard 7673, Agilent 7683 or equivalent 

Electron-capture detectors: Hewlett-Packard, Agilent or equivalent 

Capillary chrcm~togr~phic J&W DE5, DE608 or DB1701,3Om x 0.45r1 ,  
columns of dissimilar phase: 0.53mm, 0.85mm or 0.25mm megabore; DB-35ms 

30m x 0.32mm x 0.25 pm; DB-XLB 20m x 0.32mm x 
0.5 pm or equivalent 

Carrier gas: Ultra high purity Helium (99.999%j 

Make-up gas: 5% methane/95% argon 

Data System: Pentium PCs, or equivalent, EZChrom Data 
Acquisition System version 6.6 

Analytical Software: Target for NT Operating System version 4.02 

2.2 Troubleshooting 

2.2.1 Please refer to Organics' Troubleshooting Manual for detailed instructions on 
instrumentation. 

2.3 Standards 

2.3.1 Commercially prepared and certified standard solutions are used. Suppliers may 
change without notice or immediate update to this Standard Operating Procedure. 
Refer to Laucks' SOP on the traceability, documentation, and preparation standards. 

2.3.2 Working standards are prepared in hexahe from these stocks. Those which are 
prepared in the free acid form [not prepared from metbl  esters) are methylated by 

Laucks Testing Laborato~ies, Inc. 
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derivatization using diazomethane. At this stage all working standards are in methyl 
ester or ether form. They must be replaced after six months or by the expiration date 
of the parent standard, whichever is earlier. 

2.3.3 Calibration standards are prepared by combining the stock standards and diluting with 
hexane to prepare the calibration standard which defines the upper and lower range of 
the ECD. All calibration standards must be replaced after 6 months or by the 
expiration date of the parent standard, whichever is earlier. 

2.3.4 Appendix I details the compounds and concentrations contained in all solutions. 

*MCPA and MCPP must be spiked separately due to interfering compounds in the standards. The 
vendors are aware of this and are trying to resolve .*. . this issue. 

Primary 

7 cmpds 
MCPA, MCPP* 
PCP 
4-Nitrophenol 
Picloram 
Jdexachiorophene 

3. Safetv precautions and Waste Disposal 

3.1 Routine Safety Precautions 

3.1.1 All standards and sample extracts should be handled as if they contain hazardous 
substances. 

Manufacturer 

Restek 
Restek 
Restek 
Restek 

3.1.2 Refer to the instrument manufacturer's manual for routine instrument precautions. 

Lauck Testing Laboratories, Inc. 

Mdhyl Ester 
Mcthy! Ester 

i 

Catalog Number 

1 
32059 
31297 
31296 
32266 

2,4-DCPAA(surr) I Restzk 
Dalapon 1 Restek 

Comnlents 

Met11 1 Ester 
Methyl Ester 
Acid 
Acid 
Methyl Ester 

Uitra i pH270 
32550 
32057 

Acid 

Second Source Manufacturer Catalog Number ) Comments 
I 
i 

CC2229 
30038 
48695 
PSI108 
3233M 
CC2064A 

I 

I 
Methyl Ester 
Methyl Ester 
Methyl Ester 
Methyl Ester 
Acid 
Methyl Ester 

- 
10 cmpds 
PCP 
4-Nitrophenol 
Picloram 
Hexachlorophene 
2,4-DCPAA(surr) 

Crescent 
Absolute 
Supelco 
Ultra 
Crescent 
Crescent 
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3.1.3 Routine precautions include an awareness of the moving parts on the instrument you're 
using. These parts are often charged with power from an electrical component or with 
high pressure gas and have the poiential to do harm if not used properly. 

3.1.4 Electrical shock - All instruments present the possibility of electrical shock. The 
operator should take all precautions including ensuring that all instrunlents are 
operated with fully grounded power outlets, turning off the instrument and 
disconnecting the instrument from the electrical power supply before working on any 
electricaI components, etc. 

3.1.5 The electron-capture detectors used in this analysis contain a radioactive source and 
should not be opened or otherwise tampered with. 

3.1.6 Ensure that all gas cylinders are either fastened to an immovable object or capped 
securely at all times. 

3.2 Waste disposal 

3.2.1 Solvent wastes generated in using this procedure (expired standards, old sample 
eitrzctc, rinsates, etc.) should be emptied into the solvent wslste container in the h i e  
hood. 

3;2:2 Waste segregati-011 and. disposal from the point nf cnllection is firrthcr cnvered i ~ ,  the 
Laucks SOP on Waste Segregation and Disposal. 

4. Calibration and Oualitv Control 

4.1 QA Requirements and Corrective Action 

4.1.1 Detailed in the following sections are applicable QA requirements and subsequent 
corrective actions to be applied to this analysis. A summary of these requirements can 
be found in Appendix IV. 

4.2 Method Detection Limit Study 

4.2.1 Prior to the analysis of any samples, it is necessary to establish method detection 
limits. This procedure is fully described in the Laucks SOP on MDL Studies. Briefly, 
it involves the analysis of 7 replicate samples spiked at a concentration near the 
anticipated method detection limit. A Student's T-test is then applied to these 
measured values to calculate the MDL. Refer to Appendix VII for MDLs (at the time 
of this writing), Most current MDL values are found in the LIMS MDL database and 
associated raw data are stored in department files 

4.3 Method 'validation 

4.3.1 Prior to the analysis of any samples, it is necessary to validate the method. A metliod 
validation study is performed in a similar manner to an MDL study with the exception 

._.; Laucks Testing Laboratories, Inc. 
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that a minimum of 4 replicates are required and the concentration levels must be 
similar to those found in SW-846. 

4.3.2 The results must be equal to or better than the spike recoveries tabulated in SW 846. 
These criteria and recominended spiking concentrations for method validation are 
tabulated in SW 846. 

4.4 Retention Time Windows 

4.4.1 Prior to the analysis of any sampies, it is necessary to establish retention times 
windows for the method by analyzing standards for all target analytes over at least a 
72-hour period. This need not be a single 72 hour sequence but can be 3 
chronologically contiguous sequences. These standards should be inter-mixed with 
real sample extracts in order to mimic actual instrument operating conditions. 
Tabulate the retention times for all standard compounds and compute the standard 
deviations of all the retention times. Retention time normalization techniques may be 
applied if appropriate. For megabore capillary columns, a default RT window of*  
0.05 minutes may be used. Details of the procedure for determining retention time 
windows can be found in Laucks SOP on esiabiishing retention time windows. 

4.5 Initial Muiti-Point Calibration 

4.5.1 Analyze herbicide standards using at least 5 difTerent concentration levels for linear 
calibrations. The lowest concentration shouid define the reporting limit (RL). The 
highest concentration should define the upper usable working rmge of the detector. In 
addition, an instrument blank is analyzed as part of the initial calibration. Subsequent 
to the initial calibration, an additional calibration standard is analyzed using standards 
obtained from a second source. The second source standard must be from a different 
manufacturer unless one is not available. The acceptance criteria for the second source 
standards are tabulated below and are located in Appendix VIII. 

1 USACE 1 NJA I 

Agency 

AFCEE 

I 

DoD =t 20 1 

% Criterion 

5t 15 

4.5.2 SW 846 allows the use of both linear and non-linear models for the calibration data. 
The option for non-linear calibration may be necessary to achieve low detection limits 
or to address specific instrumental techniques. 

Lauck Testing Laboratories, Inc. 
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4.5.3 The choice of a specific calibration model should be made in one of two ways. The 
first is to begin with t l~e  simplest approach, the linear model through the origin, and 
progressing through the other options until the calibration acceptance criteria are met. . 
The second approach is to use apriori knowledge of the detector response to choose 
the calibration model. Such knowledge may come from previous experience, 
knowledge of physics of the detector, or specific manufacturer's recommendations. 

4.6 Linear Calibration 

4.6.1 External standard initial calibration data is evaluated by determining the %RSD of the 
calibration factors. 

4.6.2 CFs are calculated using the equation: 

response 
CF = 

ng injected 

4.6.3 The calculated CFs are tabulated and the %RSD calculated. All %RSDs must be 
within 20% for each analyte. 

4.6.4 Corrective action 

4.6.4.1 If the ci2zria Zic not me:, :lie iiist-iiiieni ma; be i-e-ca:lbratc=i;. 

4.7 Non-iinear Calibration 

4.7.1.1 In situations where the aiiakyst hiows that the instrument response does not foiiow a 
linear model over a sufficiently wide working range, or when the other ~pprc?aches described here 
have not met the acceptance criteria, a non-linear calibration model may be employed. 

4.7.1.2 When using a calibration model for quantitation, the curve must be continuous, 
continuously differentiable and inonotonic over the calibration range. 

4.7.1.3 T!le statistical considerations in developing a non-linear calibration model require more 
data than the more traditionaI linear approaches. A quadratic (second order) requires a minimum 
of six standards. Do not force the line through the origin, i.e., do not set the intercept as 0, and 
do not include the origin (0,O) as a calibration point. The R* value must be greater than 0.99. 

4.7.1.4 Whichever option is employed, a surrogate concentration must fall within the calibration 
range. , 

4.7.2 Corrective action 

4.7.2.1 If the criteria are not met, the instrument must be re-calibrated. 

Latlckr Testing Laboratories, Inc. 
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4.8 Calibration Verification 

4.8. i Concentration and/or CF Criteria 

4.8.1.1 At the beginning of an analysis sequence analyze a calibration standard. A mid- 
range calibration standard is also analyzed at the frequency of every I2 hours. In addition, 
this standard must be the last injection made in the analysis sequence. The concentration 
of the calibration standard is most often the mid-range. However, the concentration of the 
calibration standard must be varied from time to time. The computed calibration factor 
(CF) or concentration measurement must meet the criteria detailed below. 

4.8.1.2 Using the appropriate calculation technique (average CF ) compute either CFs or 
concentratio11 values. For linear calibrations the CCV standard can be verified by 
calculating either the percent difference or the percent drift. 

4.8.1 -2.1 The percent difference calculation compares the CCV CFs to the mean CFs 
from the initial multi-point calibration. The percent difference is calculated as follows: 

where: 
C, = Calibratioii Factor 

CF = Mean Calibration Factor 

4.8. I 2 . 2  The percent drift calculation compares the CCV ca!culated conczntrations to 
the theoretical (or actual) co~~centration of the CCV stmdard. The percent drift i s  
calculated as follows: 

% D  = C c - C ~  x l 0 0  
c * 

where: 
Cc= Calculated Concentration 
CT = Theoretical Concentration 

4.8.1.3 If the response (or calculated concentration) for an analyte is f 15% of the response 
obtained during the initial calibration, then the initial calibration is considered still valid. 

4.8.2 Corrective action 

4.8.2.1 If the CCV criteria are not met, no sample extracts can be analyzed. Perform 
system maintenance and re-check the CCV. If the criteria still cannot be met, the system 
must be recalibrated. 

Laucks Testing Laboratories, Inc. 
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4.9 Method Blanks 

4.9.1 Criteria 

4.9.1.1 Method blanks are used to verify contaminatioil free reagents and apparatus. They 
are prepared with every set of samples extracted at the same time or one blank every 20 
samples wl~ich ever is more frequent. Any analyte response above 1 /2 the reporting limit is 
reported. Method blank control limits are detailed in the LIMS database and Appendix 
VII. 

4.9.2 Corrective action 

4.9.2.1 Corrective action may necessitate re-extraction of the sample set. For example if 
an analyte were found in the blank but not in any of the associated samples then the sample 
group may not require re-extraction. In any event it is the laboratory's responsibility to 
ellsure that inethod interferences caused by contaminants in solvents, reagents, glassware, 
and other sample processing hardware leading to discrete artifacts andlor elevated baselines 
in the chromatograms be minimized. In the ex&eke case of chronic contamination, blanks 
may have to be analyzed horn each stage of thp, sznp!e prccessicg to determine the 
contamination source so it can be eliminated. In all cases where blank contaminstion 
exceeds ihe control limit a narrative comment must be made which documents the 
corrective actions taken. 

4.19 Blmk Spikes 

4.10.1 Criteria 

4.10.1.1 A blank spike follows the same protocol as with the matrix spike analysis except 
that the spiking solution is added to a method blank solutioil instead of an actual sample. 
A method blank with added analytes is a blank spike. A blank spike is similar to a QC 
check standard. Refer to Appendix YiI for control limits. Because control limits are 
updated often as required by the method, all current control limits are located in the LIMS 
database. Additional requirements for each Agency are located in Appendix VIII. 

4.10.2 Corrective action 

4.10.2.1 The method blank spike is used to deterinine whether a method is in control 
during sample preparation and analysis. Sarnple re- extraction and re-analysis would be 
triggered by an out of control method blank spike only if the sample surrogate recoveries 
and MSMSD spike recoveries indicated sample processing errors. 

Lauckr Testing ~aborhtories, Inc. 
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4.1 1 Matrix Spike 

4.1 1.1 Criteria 

4.1 1.1 .I A sample is chosen at random from the samples to be analyzed, and an aliquot of 
spiking solution is added to this sample prior to extraction. It is required that a matrix 
spike analysis be performed with each extraction batch. The minimum frequency for MS 
analysis is 1 each per 20 samples per matrix. This matrix spike sample is used to evaluate 
the matrix effect of the sample upon recovery of the analytes. The recovery of spike 
analytes is calculated as follows: 

where: 
SS = spiked sample result 
S = unspiked sample result 
SA = amount spiked 

4.1 1.1.2 Refer to Appendix VII for control limits. Because controi iimits are updated 
often as reqirec! by the r??ethod, 211 currerzt sofitre! !irr,itLs zre !ec&,ted ix the LI?.<E dztabsse. 
Additional requirements for each Agency are located in Appendix VIII. 

4.1 1.1.3 In the instance that the native target analyte conceiltration is greater than 5x the 
spike added concentratio~l, the MS recovery con?.rol iimits do not apply. In this case, trea~ 
the iviSiiviSr) pair as duplicates and report them as such in the LIMS database. 

4.1 1.2 Corrective action 

4.1 1.2.1 Samples with spike recoveries outside control limits will be reviewed for possible 
corrective action. Corrective action may involve recalculation, re-extraction, and/or 

m* . reanaiysis. I nis process should also iooic at the recovery of surrogate compounds in the 
MS sample and at the recovery of spiking compounds from the extraction batch blank 
spike analysis. In all cases a narrative explanation of the condition is required to detail the 
corrective actions taken. 

4.12 Matrix Spike Duplicate 

4.12.1 Criteria 

4.12.1.1 The compound recovery criteria are identical to those for the matrix spike 
sample. (A sample is chosen at random from the samples to be analyzed.) In addition, the 
matrix spike duplicate is used to measure method precision. This is done by computing the 

-- 
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relative percent difference (RPD) between the matrix spike and matrix spike duplicate 
recovery values. , 

4.12.1.2 This calculation is as follows: 

IS, - s2J 
% RPD = x 100 

( S ,  + S2)/2 

where: 
S 1 = measured concentration for MS sample 
S2 = measured concentration for MSD sample 

4.1 2.1.3 RPD control Iimits are detailed in the LIMS database and ~ ~ ~ e n d i x  VII. 

4.12.2 Corrective action 

4.12.2.1 If a trend in out of control RPD values is observed, the methods used must be 
examined to defermige &e sr_zurce ef v ~ ~ z z c e .  Q ~ c e  this S=crCc i&~?.?i&d, the m&!$;'lod 
must be changed so that samp!es can be malyzed with a predictable reproducibility. 

4.13 S-urogate Recovery 

4.13. ! Criteria 

4 . 3 .  . Sur:~ga!es x l r e  cE,err,ica!!y similar compomds added to every sample, methz-d 
blank, and QC sample prior to sample processing. They are used to monitor for potential 
sample processing errors and matrix effects. Surrogate compound recoveries are calculated 
as follows: . . .  

Srn x i O O  
% recovery = 

Sa 

where: 
Sm = concentration of surrogate measured in extract 
Sa = concer~tration of surrogate added 

4.13.1.2 Refer to Appendix VII for control limits. Because control limits are updated 
often as required by the method, all current control limits are located in the LMS database. 
Additional requirements for each Agency are iocated in Appendix VIII. 

Lsuckr Testing Laboratories, Inc. 
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4.13.2 Corrective Action 

4.13.2.1 Check calculations tbr possible error. l o w  snrmgzte rec~verizs a e  greater 
potential indicators of poor method performance than high surrogate recovery since non- 
GC/MS methods cannot separate co-eluting interferences. Hence corrective action is not 
usually required for high surrogate recoveries. .These cases should be evaluated for other 
possible causes (such as double surrogate spiking or incorrect dil~ltion factors). 

4.13.2.2 Low surrogate recoveries in the method blank may require that all the samples in 
the associated batch be re-extracted and re-analyzed, In any case, it is imperative to  
identify the problem associated with low recovery so that it can be corrected. It is a 
requirement that all out of control surrogate recoveries and the corrective action taken be 
discussed in the narrative. 

5. Operation nrocedures 

5.1 Chromatographic Conditions 

5.1.1 The following are typical operating parameters used to perform this method. There 
may be times when adjustments are made in order to optimize the analysis. 

Laucks Testing Laboratories, Inc. 

6890 
3.0 mumin 
Argodmethane (95%/5% High 
Purity Grade) 
30 inL/min 
Grob-type, split/splitless with 
4rmn wide bore deactivated 
liner 
250°C 
on-column 
0.5 pl per column (1 p1 total) 
50°C 
0.5 min 
25°C per min to 100°C 
0 min 
12°C per min to 320°C 
2 min 
None 

- 1 

Column flow 
Make-up gas 

Make-up flow 
Injector 

Injector temperature 
Injection 
Injection voIume 
Initial temperature 
Initial hold time 
Temperature ramp 
Hold time 
Temperature ramp 
Hold time 
Temperature ramp 

5890 
7-8 mumin 
argonlmethane (95%/5% High 
Purity Grade) 
60 - 65 mL/rnin 
grob-type, split/splitIess with 
4mm wide bore deactivated 
liner 
205°C 
on-column 
1 p1 per column (2p1 total) 
45°C 
I .O min 
25°C per min to 1 50°C 
1 min 
5°C per min to 240°C 
0 min 
25°C per min to 280°C 
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5.2 Sample Analysis 

I Final hold time , 

Detector temperature 

5.2.1 Analysis sequence 

5.2.1.1 See Appendix I1 for a detailed analysis injection sequence. 

5890 
0 mill ( I  0 min. if 
hexachlorophene is a target 
anal yte) 
325°C 

5.2.2 Compound Identification 

5.2.2.1 Comp~unds are tentatively identified if a peak elutes in the retention time window 
characteristic of that con~pound on the prunary column. To confirm the presence of  that 
compound in the sample extract, the peak must also elute in its characteristic retention time 
window on a second column. Colnpounds can onIy be identified if the CCV criteria 
previously detailed are strictly adhered to. 

6890 

325°C 

5.2.2.2 'l'lle experienced anaiyst's judgment weighs heavily in evaluating chromatograms 
for coinpoiind icleniificaiioil. For instance, the reieniion times of susrogate compounds 
may be outside their expected windows due to sample matrix effects. The analyst may 
decide i~ re-adjust the target malyte's retention time windows on an ad hoc basis bzsed on 
such an observed shift. Tnis can occur onIy on a sarnpie-specific basis and is used when the 
analyst examining the data suspects that a retention time shift has occurred. If this is done, 
it must be fully documented in the case narrative notes. If the concentration of any target 
analyte exceeds the calibration range, the sample extract must be diluted and reanalyzed. 

5.2.3 Cornpound Quantitation 

Target compound concentrations 3re calculated using the following equations: 

5.2.3.1 Aqueous samples 

The external standard equation, as expressed in SW 846 is: 

A s x V t x D  
Concentration (pg l L) '='. - 

C F X V ~ X V S  
where: 

Laucks Testing Laboratories, Inc. 
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As = Area or height of the peak for the analyte in the sample. 
k'i = Voiume of extract injected, pL. 
D = Dilution factor of extract. The final result of an algebraic multiplication of tlre ratio 

of all dilution final volumes to initial volumes. For example, if and extract was 
diluted 10 pL to 1000 pL and subsequei~tly diluted an additional 10 pL to 1000 pL, 
the expression would be: (1000/10) * (1000/10) = 100 * 100 = 10,000. 
If no dilution was made, D = 1. 

Vt = Volume of total extract, pL. 
V, = Initial sample size, mL. - 
CF = Mean calibration factor. 

To report concentrations in alternate units, apply an appropriate factor: 

5.2.3.2 Non-aqueous samples 

Tae results calculation for non-aqueous samples is very similar to that for aqueous sampies. 
The c?_n_!y difference is the inc!usinr? nf a totz! c~!iCf,s ~CEX te calcul~te the dry weight 
equivalent of the initial sample size. 

?t x As x D 
Conc.(,ugl kg) = - 

CF,x vi x Ws 

where: 
Ws = Weight of sample extracted or purged, grams. Either the wet weight or dry weight.. 

6. Reports 

6.1 Data Packet Organization 

See Appendix I11 for a check list detailing data packet organization. 

6.2 Quality Control Reports 

All results for quality control tests are entered into the lab quality control data base. 
Priirtouts of all data entered must be included in the data packet. The routine minimum is a 
method blank report, a method blank spike report, and an MSMSD report. 

Laucks Testing Laboratories, Inc. 
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6.3 Sample Result Reports 

6.3.1 Data Qualifying Flags 

Sample report results are qualified with data qualifying flags. These flags have the 
following definitions: 

Code Definition 
U The analyte of interest was not detected, to the reporting limit indicated. 
B The analyte of interest was detected in the method blank associated with the 

sample, as well as in the sample itself. The B flag is applied without regard to the 
relative concentrations detected in the blank and sample. 

J The analyte of interest was detected below the practical quantification limit. 'Illis 
value should be regarded as an estimate. 

D The value reported is derived from the analysis of a diluted sanpIe or sample 
extract. 

P When a dual column /dual detector GC technique is employed, this flag indicates 
that calculated results from the two determinations differ by more than 25%. 
Generally, we report the lower value. 

E The value reported is based on a sample or sample extrzct in which the target 
~~z!y?:rt~ cnr?cer??ratinn exceeded the r,z!ibritin!~ ra~cnge. The \ra!ze r~_nnrf~d ". ." shou!d 
be considered an estimate. 

C The target analyte's presence was confirmed by GCIMS. 

Laucks Testing Laboratories, Inc. 
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APPENDIX I 

Calibration Levels, pg/mL 

I ~ o n ~ o u z ~ s  I 
PCP 1 0.0027 ) 0.0054 (0.006751 0.0135 ( 0.027 / 0.03375 ] 0.054 1 0.027 1 0.90 

Compound 

2,4-D 
2,4-DB 
2,4,5-T 
2,4,5-TP (Silvex) 
Dalapon 
Dicamba 
Dichloroprop 

Hexachlorophene [ 0.005 ( 0.01 0 1 0.01 25 / 0.0250 1 0.05 ( 0.0625 1 0.1 1 0.05 1 1.67 

Level 1 

0.008 
0.008 
0.008 
0.008 
0,008 
0.008 
0.008 

At the time of this writing these are the current calibration concentration levels. However, these 
levels may change due to project-specific requirements,,or a change in standard suppliers. 

Diccseb Q.008 
MCPA - - 1 4 . 2 0  

4-Nitrophenol 
Picloram 

Spiking Compounds 

N/A 
N/A 

Lauch Testing Laboratories, Inc. 

Level 5 

0.08 
0.08 
0.08 
0.08 
0.08 
0.08 
0.08 

0.016 
0.016 
0.016 
0.016 
0.016 
0.016 

Level 2 I ~ e v e l 3 '  

2,4-D 
2,4-DB 
2,4,5-T 
2,4,5-TP (silvex) 
Dicarnba 

------ 
0.08 

40.00 
0.04 

20.00 

Level 4 

lMCPP 1 4.00 1 8.00 

0 6  9.C2 

N/A 
N/A 

Dichlorprop (2,4-DP) 
Dinoseb 
Dalapon 
MCPA 
MCPP 

, 40.00 

Level 6 

0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 

0.02 
0.02 
0.02 
0.02 
0.02 
0.02 

, 10.00 20.00 
8.CO 

HexachIorophene I Pentachlorophenol 

0 . 1 P  
50.00 

0.04 
0.04 
0.04 
0.04 
0.04 
0.04 

10.00 

Surrogate 
2,4-DCPAA 

N/A 
N/A 

5000 

Level 7 

0.160 
0.160 
0.160 
0.160 
0.160 
0.160 
0.160 G.04 0.016 

0.008 / 0.016 ( 0.02 / 0.04 ] 0.08 1 0.10 1 0.1 60 1 N/A 1 N/A 

Water  Soil 

-08 2.67 
.08 2.67 
.08 2.67 
.08 2.67 
.08 2.67 
.08 2.67 
.08 2.67 

C.159 
- 80.00 - 

0.02 

Non-routine , 

NIA 
NIA 

, , a  n o  2.67 
40 1334 

, 80.00 , 40 / 1334 

N/A N/A 
N/A . N/A 

I 

N/ A 
NIA 

N/A N/A 
N/A N/A 
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APPENDIX I1 

Injection 

last 

Sample 
rinse 
CCV standard 
up to 10 subsequent sample or QC extracts 

CCV standard 
up to 10 subsequent sample or QC extracts 

CCV standard 

Laucks Testing Laboratories, Inc. 
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APPENDIX I11 

Date Packet sequence 

I. QC SUMMARY 

Surrogate Recovery Summary Report 
Blank Spike Report 
MS/MSD Report 
Method Blank Summary 

11. SAMPLE DATA: 

Organic Analysis Data Sheet 
Sample Confirmation Worksheet 
Chromatograms, primary colum~l 
Cl~omatograms, secondary columll 
Chromatographic Report, primary column 
Chromatograpl~ic Report, secondary column 

Initial Calibration 
Surrogate 
RT Evaluation R e p e ~  
CCV Reports 
Confirmation Reports 

Linearity Standards: 
Chromatograms, primary column 
Chromatograms, secondary column 
Chromatographic Report, primary column 
Chromatographic Report, secondary column 

Continuing Calibration Standards: 
Chromatograms, primary column 
Chromatograms, secondary column 
Chromatographic Report, primary column 
Chromatographic Report, secondary column 
Other Standards Used to Support SarnpIe Data and Instrument Blarlks 

Lauclrs Testing Laboratories, Inc. 
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IV. Raw QC Data: 
Method Blank 
Chromatograms, primary column 
Chromatograins, secondary colun~n 
Chromatographic Report, primary column 
Chromatographic Report, secondary column 

Blank Spike 
Chromatograms, priinary colmn 
Chromatograms, secondary column 
Chromatographic Report, primary column 
Chromatographic Report, secondary column 

Matrix Spike 
Chromatograms, primary column 
Chromatograms, secondary coluqn 
Chromatographic Report, primary coluinn 
Chromatographic Repofl, secondary co lum~ 

Matrix Spike Duplicate 
Chromatograms, primary column 
Criomaiogrms, secondary coiumn 
Chromatographic Report, primary column 
Chromatographic Report, secofidary column 

V. Bench Sheets 
Injection Sequence 
Extraction Bench Sheets 
MisceIlaneous Work Sheets. i.e. %TS, SDG summary, calculations, HTVR 
Standards Logs 

VI. Reject Data: 
Data not used to support sampie results. 
All data acquired but rejected on account of QC out of control. 
Non-routine standards used to support sample data should be placed at the last of the 
Standard Data section. 

Lauclcs Testing Laboratories, Inc. 
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APPENDIX I'd 

Method 8151 QA Requirements and Corrective Actions: 

QA Element 

Initial 
Calibration 

Second source 
standard 

Colltiiluiilg 
Caiibration 
Verification 

~ k t h o d  Blank 

Surrogate 
Recovery 

Method 
Criterion 

5 calibration 
std. for linear, 6 
std. for 
quadratic, for 
all single and 
multi- 
components, 
%RSD 120% 
for each analyte. 
None 

- -- 

Must be +I 5% - u for aii 
quantitated 
anaIytes. 

Must be below 
MDL. 

Limits to be 
determined by 
lab. 

Criterion 
5 caIibration 
std. for Iinear, 6 
std. for 
quadratic, for 
all single and 
inulti- 
components, 
%RSD 520% 
for each analyte. 
Refer to table in 
section 4 and 
Appendix VIJI. 
Must be+15% 
D for aii 
quantitated 
analytes. 

Must be below 
112 reporting 
limit. 

Listed in LIMS 
database. 

Frequency 

After 
performing 

instrument 
maintenance or 
when persistent 
difficulties 
meeting CCV 
criteria occur. 

Corrective 

Once per initial Reanalyze or 
calibration. 1 narrate if 

I - A _ -  I CC V , perform 
Every 12 hours. 

maintenance, 
&;or recalibrate 

I (or narrare if 

possible 
Reanalyze new 

Every analytical 
possible) 
Report 

batch or 1 per 
20 samples. 

I 

I I control, narrate; 

quantitated 
contaminants 
with a "B" flag, 
or re-extract if 

I 

I / otherwise re- 

necessary 

( extract. 

1 Every sample. / If other QC is in 

Documentation 

Narrative 

7 
Narrative I 

i 

and corrective 
action form if 
re-extracted 

Case narrative 
and corrective 
action form if 

, a re-extracted. 
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Controlled Document 

Book: 20 Assigned to: Tetra Tech Method ~ \ J O : L T L - ~ I ~  1 
Revision: 8 
Date: 0912 1/05 
Page: 27 of 35 
Re~laces: 7 

Recovery 

Method 
Criterion 

Every analytical 
batch or 1 per 
20 samples, 
limits to be 
determined by 
lab. 
E. v .-- ,, j uldflicd 

batch or 1 per 
20 samples, 
limits to be 
determined by 
lab. 

Laucks 
Criterion 

Listed in LIMS 
database. 

Frequency 

Every analytical 
batch or 1 per 
20 samples. 

Corrective 

database. 

Action 
If other QC is in 

batch or 1 per 
20 samples. 

control, narrate; 
otherwise re- 
extract. 

If otliei: QC is in 
control, narrate; 
otherwise re- 
extract. 

Documentation 

- .. 
Case narrative 
and corrective 
action form if 
re-extracted. 

I Case narrative 
and corrective 
action form if 
re-extracted. 

Blank Spike 
Recovery 

Every analytical 
batch or 1 per 
20 samples, 
1:- :+ +. . l r l l i c s  LG Lue 
determined by 
lab. --------.-- 

Listed in LIMS 
database. 

Laucks Testing Laboratories, Inc. 
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batch or 1 per 
20 samples. 

If other QC is in 
control, narrate; 
otherwise re- 

Case narrative 
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APPENDIX V 

Compound Elution Order 

I I 

Dalapon 1 Dalapon ( Dalapon 

Column DB-5 Column DB-608 

4-Nitrophenol 
2,4-DCPAA (surr) 

Column DB-1701 

4-Xitrophenol I 

2,4-DCPAA (surr) I 2,4-DCPAA (sun 
Dica~nba I MCPP 
MCPP 1 Dicanlba 

Dicamba 
MCPP 

MCPA 
Dichloropxop (2,1-DP) 

Pentachlorophenol 
2,4,5-TP (Silvex) 

MCPA 
Dichloroprop (2,4-DP) 

I 2,4,5-T 
2,4-EB 

Laucks Testing Laboratories, Inc. 

MCPA 
Dichloroprop (2,4-DP) 

Pentachlorophenol 
2,4,5-TP (Silvex) 

1 Di;zGseb I 2,4-EE I n:--"-~ UIIIU>CU I 

Pentachlorophenol 
2,4,5-TP (Silvex) 

2,4,5-T 
Dinoseb 

2,4,5-T -. - . 
2,4-DB 

Hexachlorophene 
. Pic!oran~ 
Hexachlorophene 

Piclorun 
Hexachlorophene 
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APPENDIX VI 

METHOD 8151 FLOW CHART 

Perform 
calibration? multipoint 

calibration 

r- (no more than 

injed? 

spike 

control? 

Sample 
r < ? c e e ; r Z E k  

v 
I 

I Dilute sample 
and reanalyze I 
yj 

lowest conc. / from 2 columns I 
with appropriate 

flags.. I 

Report result as 
not-detected. 
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METHOD 81 51 FLOW CHART 
(p.2) 

Re-extract and 

recoteries 
affected 
sample. 

i 
reanalyze 
affected 
samples. 

bracketed >15% on both columns 

samples. dua tc 6acreased 

I no 

Re-analyze samples 
if analyle conc. >RL >150h on both columns 
on both columns. due lo increased 
Othewise report 

resuli &s I not-detected. 

A 
Re-analyze samples i f  

in-control column [ 
exhibits znalyie conc. : 

%D values in CCVs ) Report positiw results Iyes />16 % on one column \ 
from in-control column due to increased 
and include narrative Instrument response? 

comment 

Lauch Testing Laboratories, Inc. 
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APPENDIX VPI 

MDL, RLS, and Control Limits 

Waters (ug/L) 

Soils (@Kg) 
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2,4-DB 
Dalapon 
Dicznba 
Dichioroprop , 

Dinoseb 
MCPA 
MCPP 
Non-routine analytes 
4-Nitrophenol 
PCP 

Picloram 

Hexachloronhene 

Lazlcks Testing Laboratories, Inc. 

94-82-6 
75-99-0 
! 91 8-09-9 
120-36-5 
88-85-7 
94-74-6 
93-65-2 

I I CAS# purrogate Analyte 
' 

2,4-Dichloropl~enyl Acetic 
Acid 

2.67 
2.67 
2.67 
2.67 
2.67 
1333 
1333 

L.mits 

197 15-28-9 

0.4 
1.2 

0.45 
0.88 
0.46 
160 
150 

! NIA 

LCL 

20 

NIA 
NIA 

1918-02-1 

70-30-4 

UCL 

i 66 

1.34 
1.34 
1.34 
1.34 
1 34 
334 
334 

0.9 

I 

1.67 

0.5 

i 

39 

7 
23 
18 

20 
20 

NIA 20 

20 

134 
142 
:44 
157 --- 
99 
137 
149 

0.5 

160 
160 

0.054 , 6.42 

1 

160 

160 

47 
61 
37 
70 
65 
43 
58 

50 
50 

50 

5 0 ,  

20  
20 
2 0  
20 
2 0  
2 0  
20 

160 
160 
160 
160 
160 
160 
160 

20 
20 

I 

160 
160 

20 

2 n 

160 

! 60 
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APPENDIX VIII 

Laucks Testing Laboratories, Inc. 

i I 
I SW 846 Method 8151 

QC Check 

Minimum Five I loption 1 : : Averaged - , 
Point Initial RSD 520% ' 

I 
Calibration 

DoD" 
Acceptance Criteria 

Option 1 : Averaged - loption 1 : Averaged - I 
Grand mean RSD 5 20% C 

MDL Study 

AFCEE 
Acceptance Criteria 

RSD < 20% ! 

whichever is greater. 
I 

See 40 CFR 136B. S/N > 
3 for MDL verification. 
Every 12 months, or 
quarterly for MDL 
verification checks. 

+ 3s over a 72 hour 

SW846 I 

1- 

I 

Detection limits 5 
1/2 RL listed in 
appropriate AFCEE 
Table. Every 
12 months. - 

I 

I- i 

---- / 
7 

j 
[ 
1 ' 
I 

I 

i 

Option 2: Linear - r 2 
0.99 

Reteation Time 
Window Widtli 

Second Sourcc 

IRetcntion Time 

b. 
,and no RSD > 30% 

- 
period for each analyte 

+ 3s over a 72 hour 
period for each analyte 

Option 3: Non-linear - r' 
2 0.99, minimum of 6 
pts for 2nd order, 7pts 
for 3rd order 

1 -  
AND %D 5 20% at each 
calibration level 
recommended 

Option 2: Linear - r 2 
0.995 

2 3s over a 72 hour 
period for each analyte 
s: - + 0.03 minutes, 

-- 

Option 2: Linear - r l  
0.995 

%D _< 20% %D 5 15% 

I 
Option 3: Non-linear - j 
r2 0.99, 6 pts for I 

/ 2nd Order / 

Set at retention time 
I 

( 

Option 3: Non-linear - r2 
> 0.990, minimum of 6 
pts for 2nd order, 7pts for 
3rd order 

Set at retention time of I 

Option 4: Non-linear - 
r2 > 0.990, 
minimum of 6 pts for 
2nd order, 7pts for 3rd 
order 
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I 

I 

Laboratory 
Control Sample 

I 130% by default 
I , 

Matrix Spike Same as LCS Same as LCS Lab-derived 
1 

See appropriate tables D- 
8, D-9 listed DoD Quality 
Systems 

See appropriate AFCEE 
table 

Less than 5% of the 
sample result 
WHICHEVER IS 
G X E A E R  -- 

i 
- 

Lab-derived. If no lab- 
derived limits are in 
place yet, use 70%- 
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*For non-DoD clients, generated in-house limits will be used, unless otherwise specified in 
project-specific documents. This illformation is located in the laboratory LIMS. 

-I Agency control limits for each analytical method are located in the laboratory LIMS. 
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1.0 Identification of Test Method 

SOP Title: Leaching Procedures is abbreviated LP in this SOP. This SOP incorporates three leaching 
procedures. 
SOP Title: Toxicity Characteristic Leaching Procedure (EPA 13 1 1) is abbreviated as TCLP in laboratory records. 
SOP Title: Synthetic Precipitation Leaching Procedure (EPA 13 12) is abbreviated as SPLP in laboratory records. 
SOP Title: ASTM Leaching l'rocedure (ASTM D3987.-85) is abbreviated as ASTM in this SOP. 

All references which apply to all three leaching procedures listed is abbreviated LP in this SOP. If a section 
refers to a specific leaching procedure, it will be abbreviated accordingly. 

2.0 Applicable Matrix or Matrices 

This method is applicable to I.he following matrices: liquid, solid and multiphasic wastes. 

3.0 Detection Limits 

See specific analytical SOPS for MDLs and Repoiting limits for specific matrices. 

4.0 Scope and Application 

4.1 The LP method is designed to determine the mobility of organic and inorganic analytes present in liquid, 
solid and multiphasic wastes. 

4.2 If a total analysis of the waste demonstratcs that individual analytes are not present in the waste, or that 
they are present, but at such low concentrations that the appropriate regulatory levels could not possibIy 
be exceeded, the LP need not be run. 

4.3 If an analysis of any one of the liquid fractions of the LP extract indicates that a regulated compound is 
present at such a high concentration that, even after accounting for dilution from other fractions of the 
extract, the concentration would be equal to or above the regulatory level for that compound, then the 
waste is hazardous and it is not necessary to analyze the remaining fractions of the extract. 

4.4 If an analysis of extract obtained using a bottle extractor shows that the concentration of any regulated 
volatile analyte equals or exceeds the regulatory level for that compound, then the waste is hazardous and 
extraction using the Zero Headspace Extractor (ZHE) is not necessary. However, extract from a bottle 
extractor cannot be used to determine that the concentration of volatile compounds is below the 
regulatory limit. 

5.0 Summary of Test Method 

5.1 For liquid wastes (i.e., those containing less than 0.5% dry solid material), the waste, after filtration 
through a 0.6 to 0.g pm glass fiber filter, is defmed as the LP extract. 
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5.2 For wastes containing greater than or equal to 0.5% solids, the liquid, if any is separated from the solid 
phase and stored for later analysis. The particle size of the solid phase is reduced, if necessary. The 
solid phase is extracted with an amount of extraction fluid equal to 20 times the weight of the solid 
phase. The extraction fluid employed: 

- is reagent water for ASTM samples. 
- is a function of the alkalinity of the solid phase of the waste for TCLP samples. 
- is a function of the region of the country where the sample site is located if the SPLP sample is a soil. 

If the SPLP sample is a waste or wastewater, the extraction fluid employed is a pH 4.2 solution. 

A special extractor vessel is used when testing for volatile analytes. Following extraction, the liquid is separated 
from the solid phase by filtration through a 0.6 to 0.8 pm glass fiber filter. 

5.3 If compatible (i.e., multiple phases will not form on combination), the initial liquid phase of the waste is 
added to the liquid extract, and these are analyzed together. If incompatible, the liquids are analyzed 
separately and the results are mathematically combined to yield a volume-weighted average 
concentration. 

5.4 Method Modifications from Reference - This SOP incorporates options for three methods; based on SW- 
846 (1 3 1 1 and 13 12) and ASTM method D3987-85. 

5.4.1 Sample amounts used are varied based upon analytical tests required. 

5.4.2 Sample extracts for volatile organic analysis are expressed directly into 40 mL VOA vials according 
to criteria in Section 9.6.2. 

5.4.3 Samples for ASTM are rotated at 30 * 2 rpm and filtered through a 0.6 to 0.8 pm glass fiber filter. 

5.4.4 Preliminary evaluations are not done using a minimum 100 g aliquot. 

6.0 Definitions 

The STAT Analysis Quality Assurance Manual Section 19.0 contains all the definitions of standard terms used in 
sops .  

7.0 Interferences 

Potential interferences that may be encountered during analysis are discussed in the individual analytical 
methods. 
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8.0 Safety 

8.1 Safety glasses, gloves, lab coats and closed toe shoes, are to be used during this procedure. 

8.2 Tumbling apparatus' must be covered or located away from direct contact with lab personnel. 

8.3 Venting and pressurizing should be conducted in a hood or shielded area if possible. 

8.4 Other safety precautions must be conducted in accordance with the Chemical Hygiene Plan. Other 
actions can also be applied if deemed necessary. A reference file of material safety data sheets (MSDS) 
is available in each room for personnel involved in an analysis using chemicals. 

9.0 Equipment and Supplies 

The following apparatus is recommended for performing this procedure. Equivalent items can be used, if with 
their use, the analytical and QAIQC requirements in this SOP can be met. All catalog numbers in this SOP are 
current as of the effective date and thereafter subject to change. 

9.1 Agitation Apparatus: Millipore four space Rotary Agitator and Environmental Express 12 space Rotary 
Agitator. 

The agitation apparalus must be capable of rotating the extraction vessel in and end-over-end fashion at 
30 +_ 2 rpm. 

9.2 Extraction Vessels 

9.2.1 Zero-Headspace Extraction Vessel (ZHE): MilliporeYT30090HW Zero Headspace Extractor. 

This device is for use only when the waste is being tested for the mobility of volatile analytes. 
The ZHE allows for liquidlsolid separation within the device, and effectively precludes 
headspace. 'This type of vessel allows for initial liquid/solid separation, extraction, and final 
extract filtration without opening the vessel. The vessels shall have an internal volume of 500- 
600 mL, and be equipped to accommodate a 90-1 10 mm filter. The devices contain VITON@ O- 
rings, which should be replaced frequently. 

For the ZHE to be acceptable for use, the piston within the ZHE should be able to be moved with 
approximately 15 psi or less. If it takes more pressure to move the piston, the O-rings in the 
device should be replaced. If this does not solve the problem, the ZHE is unacceptable for LP 
analyses and the manufacturer should be contacted. 

The ZHE should be checked for leaks before every extraction. Pressurize the device to 50 psi, 
allow it to stand unattended for 1 hour, and recheck the pressure. If pressure is lost, check all 
fittings and inspect and replace O-rings, if necessary. Retest the device. If leakage problems 
cannot be solved, the manufactu~r should be coctacted. 
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9.2.2 Bottle Extraction Vessel: ESS 32 oz Amber Wide Mouth Glass Jars (UC0950-0050 or UC0950- 
0010), for Metals, ESS 250 ml and 500 ml plastic bottles and Silgan 500 or 950 ml HDPE Jars. 

When the waste is being evaluated using the non-volatile extraction, a jar with sufficient capacily 
to hold the sample and the extraction fluid is needed. Headspace is allowed in this vessel. 

The extraction bottles may be constructed from various materials, depending on the analytes to 
be analyzed and the nature of the waste (see Section 9.3.3). It is recommended that borosilicate 
glass bottles be used instead of other types of glass, especially when inorganics are of concern. 
Plastic bottles, other than polytetrafluorethylene, shall not be used if organics are to be 
investigated. When this type of extraction vessel is used, the filtration device discussed in 
Section 9.3.2 is used for initial liquidlsolid separation and final extract filtration. 

9.3 Filtration Devices: It is recommended that all filtrations be performed in a hood. 

9.3.1 Zero-Headspace Extractor Vesszl (ZHE): When the waste is evaluated for volatiles, the ZHE 
described in Section 9.2.1 is used for filtration. The device shall be capable of supporting and 
keeping in place the glass fiber filter and be able to withstand the pressure needed to accomplish 
separation (50 psi). 

NOTE: When it is suspected that the glass fiber filter has been ruptured, an in-line glass fiber filter may be used 
to filter the material within the ZHE. 

9.3.2 Filtration Devices: Millipore YT30142HW Hazardous Waste Fillration System. 

Filter Holder: When the waste is evaluated for other than volatile analytes, any filter holder 
capable of supporting a glass fiber filter and able to withstand the pressure needed to accomplish 
separation may he used. Suitable filter holders range from simple vacuum units to relatively 
complex systems capable of exzrting pressures of up to 50 psi or more. The type of filter holder 
used depends on the properties of the material to be filtered (see Section 9.3.3). These devices 
shall have a minimum internal \~dume  of 300 mL and be equipped to accommodate a minimum 
filter size of 47 mm (filter holdern having an internal capacity of 1.5 L or greater, and equipped 
to accommodate a 142 mm diameter filter, are recommended). Vacuum filtration can only be 
used for wastes with low solids content ( ~ 1 0 % )  and for highly granular, liquid-containing 
wastes. All other types of wastes should be filtered using positive pressure filtration. 

9.3.3 Materials of Construction: Extraction vessels and filtration devices shall he made of inert 
materials, which will not leach or absorb waste components. Glass, polytetrafluorethylene 
(PTFE), or type 316 stainless steel equipment may be used when evaluating the mobility of both 
organic and inorganic components. Devices made of high-density polyethylene (HDPE), 
polypropylene (PP), or polyvinyl chloride (PVC) may be used only when evaluating the mobility 
of metals. Borosilicate glass bottles are recommended for use over other types of glass bottles, 
especially when organics are analj-tes of concern. 

9.4 Filters: Gelman Sciences TCLPISPLP Glass Fiber Filter 90 and 142 mrn 

Filters shall be made of borosilicate glass fiber, shall contain no binder materials, and shall have an 
effective pore size of 0.6 to 0.8 pm, or equivalent. Pre-filters must not be used. When evaluating the 
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mobility of metals, filters shall be acid washed prior to used by rinsing with 1.1 nitric acid followed by 
three consecutive rimes with deionized water (a minimum of I L per rinse is recommended). Glass 
fiber filters are fragile and should be handled with care. 

pH Meter: Beckman 340 pH Meter, OrionNWR or equivalent 4, 7 and 10 Buffer solution. 

The meter should be accurate to + 0.05 units at 25OC. 

W E  Extract Collection Container (ECC): 

- 40 mL pre-cleaned HCl presened glass VOA vials. 
- TEDLAR@ bags. 

The ECCs listed are recommended for use under the following conditions: 

9.6.1 If the waste contains a significant amount of liquid in the initial phase and has _> 0.5% dry solids 
a TEDLAR" bag is used for bolh the initial solid/liquid separation and the final extract filtration. 

9.6.2 If the waste is: 
1) 100% solid (no initial liquid phase) or 
2) Has 4 . 5 %  dry solids and the liquid is greater than 99% aqueous 

40 mL HCI preserved VOA vials may be used. 

ZHE Extraction Fluid Transfer Deviccs: Any device cayable of transfemng the extraction fluid into the 
ZHE without changing the nature of tile extraction fluid is acceptable [e.g., a positive displacement or 
peristaltic pump, pressure filtration unit (see Section 9.3.2), glass, stainless steel or PTFE gas tight 
syringe, or other ZHE device]. 

Laboratory Balance: Mettler BD120 1. Mettler PM300 
Any laboratory balance accurate to within + 0.01 grams rnay be used (all weight measurements are to be 
within + 0.1 grams). 

Beakers: plastic or glass 150, 400 and 500 mL 

Parafilm, appropriate diameter to cover bcaker. 

Magnetic Stirrer: VWR Model 200 Magnetic Stirrer 

Hot Plate: VWR Dylatherni 

Wooden spatulas 

Syringes: 100 or 250 mL glass, stainless steel, or PTFE gas tight. 

Standard Seive 9.5 mn. 
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10.0 Reagents and Standards 

The following reagents and slandards are required to perform this procedure. When instructions are given on 
how to prepare a specific volume of a reagent or standard, larger or smaller volumes can be prepared as needed 
so long as the final concentrations remain the same. Any other deviations from the reagents or standards listed in 
this SOP could be detrimental to the quality of the data produced. Such deviations would have to be approved 
and documented (see 230 Col~ective Action SOP). 

10.1 Instructions for labeling and record keeping of reagents and standards are contained in SOP 1010 
Standard and Reagent Preparation. 

10.2 Reagents - In methods where the purity of reagents is not specified, analytical reagent grade shall be 
used. Reagents of lesser purity than those specified by the test method shall not be used. 

10.2.1 Reagent Water: Reagent water is defined as water in which an interferant is not observed at or 
above the method detection limit. 

10.2.2 Hydrochloric Acid (IN), HCI, made from ACS reagent grade. Dilute 83.3 ml of concentrated 
HC1 to 1 L with de-ionized reagent water. 

10.2.3 Nitric acid, I-fNO3. concentrated, ACS reagent grade. 

10.2.4 1:l Nitric Acid, HN03. Dilute 500 ml of HNO, to 1 L with reagent water. 

10.2.5 Sodium Hydroxide, NaOH, ACS reagent grade pellets. 

10.2.6 Glacial Acetic Acid, CH3CH200H, ACS reagent grade. 

1 0.2.7 Sulhric Acid, concentrated ACS reagent grade. 

10.2.8 Extraction Fluid: 

10.2.8.1 Extraction fluid #1: Add 5.7 mL Glacial Acetic Acid to 500 mL of reagent water, 
dissolve 2.57 g of NaOH, and dilute to a volume of 1 liter. When correctly prepared, the 
pH of this fluid will be 4.93 + 0.05. (TCLP) 

10.2.8.2 Extraction Fluid #2: Dilute 5.7 mL Glacial Acetic Acid with reagent water to a volume 
of 1 liter. When correctly prepared, the pH of this fluid will be 2.88 f 0.05. (TCLP) 

10.2.8.3 Extraction Fluid #3: This fluid is reagent water and is used to determine cyanide, and for 
ASTM and SPLP volatiles extractions. 
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10.2.8.4 Extraction Fluid #4: Sulfuric AcidJNitric Acid (60/40 weight percent mixture) 
E12S0&IN03. Cautiously mix 60 mL of concentrated sulfuric acid with 40 mL of 
concentrated nitric acid. If preferred, a more dilute H2S04/HN03 acid mixture may be 
prepared and used in steps 10.2.3.1 and 10.2.3.2 making it easier to adjust the pH of the 
extraction fluids. This fluid is used to determine the leachability of samples from sites 
east c~f the Mississippi River. (SPLP method) 

10.2.8.5 Extraction Fluid #5: Made by adding the 60/40 weight percent mixture of sulhric acids 
(or a suitable dilution) to reagent water until the pH is 5.00 * 0.05. The fluid is used to 
detennine the leachability of soil from sites west of the Mississippi River. (SPLP 
method) 

NOTE: ~ h e s e  extraction fluids should be monitored frequently fcr impurities. The pH must be checked prior to 
use to ensure that these fluids are made up accurately. If impurities are found or the pH is not within the above 
specifications, the fluid shall be discarded and fresh extraction fluid prepared. The pH of the extraction fluid 
must be checked before rotation. Record this in the TCLP Prep logbook. 

11.0 Sample Collection, Preservation and Handling ' 

All samples are stored away from all standards, reagents, food and other potentially contaminating sources in 
order to prevent cross contamination. 

SAMPLE MAXIMUM HOLDING TlMES (davs) 

If sample holding times are exceeded, the values obtained will be considered minimal concentrations. 

1 I I I 

Volatiles G, A G ~  N.4 14 2 8 

Matrix 

To: SPLP 
Extraction 

I I 

Mercury G, AG, --- 28 5 6 

Bottle Type 

To: Preparative 
Extraction 

[P= Polyethylene, G = Glass, AG = Amber Glass, etc.]. 

To: Determinative 
Analysis 

Metals, except 
Mercury 

All samples and extracts are stored at 0.1-6 degrees C. 
Metals extracts will be preserved to pH .c 2 with 1 :1 HNO. 
Volatiles extracts will be preserved with HC1. 

From: Field 
Collection 
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1 1.1 All samples shall be collected using an appropriate sampling plan. 

11.2 The LP may place requirements on the minimal size of the field sample, depending upon the physical 
state or states of the waste and the analytes of concern. An aliquot is needed for preliminary evaluation 
of whictl extraction fluid is to be used for the non-volatile analyte extraction procedure (TCLPBPLP). 
Another aliquot may be needed to actually conduct the non-volatile extraction. If volatile organics are of 
concern, another aliquot may be needed. Quality control measures may require additional aliquots. 
Further, it is always wise to collect more sample just in case something goes wrong with the initial 
attempt to conduct the test. 

1 1.3 Preservatives shall not be added to samples before extraction. 

11.4 Samples are refrigerated unless refrigeration results in irreversible physical damage to the waste. If 
precipitation occurs, the entire sample (including precipitate) is extracted. 

11.5 When the waste is to be evaluated for volatile analysis, care shall be taken to minimize the loss of 
volatiles. Samples shall be collected and stored in a manner intended to prevent the loss of volatile 
organics (e.g., samples are collected in Teflon-lined septum capped vials and stored at 0.1 -6OC. Samples 
should be opened only immediately prior to extraction). 

11.6 LP extracts are prepared for analysis a11d analyzed as soon as possible following extraction. Extracts or 
portions of extracts lor metallic analyte determinations must be acidified with Nitric Acid to a pH < 2, 
unless precipitation occurs (see Section 11.2.1 4 if precipitation occurs). Extracts are preserved for other 
analytes according to the guidance given in the individual analysis methods. Extracts or portions of 
extracts for organic analyte determinations shall not be allowed to come into contact with the atmosphere 
(i.e., no headspace) to prevent losses. See Section 12.0 (Quality Control) for acceptable sample and 
extract holding times. 

12.0 Quality Control 

The following details the QC requirements that apply to this analysis. Each Quality Control Indicator (QCI) 
provides information pertaining to either method or individual sample performance. Our goal is to produce 
defensible data of known and documented quality. The results of' these Quality Control Indicator (QCI) samples 
are used to assess the acceptability of data. 

12.1 Blanks 

12.1.1 A method blank shall be prepared once per preparation batch of 20 or less samples per matrix 
type. If more than 20 samples are prepared a second blank shall be prepared after the twentieth 
sample. 

12.1.2 The method blank shall be processed through all preparatory steps used for the samples. The 
blank shall be analyzed using thz same instrument and conditions as the samples. The Method 
Blank analysis is performed to determine if any contamination is present in the analytical process 
and is used to evaluate acceptance of the batch of samples. For ZHE extraction, alternate which 
ZHE unit is used for the blank, rolating all units through the process over time. 
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12.2 Matrix Spike and Matrix Spike Duplicate (MSIMSD) 

One matrix spike shall be performed for each batch of twenty samples or less if preparing TCLP or SPLP 
extractions. TCLP and SPLP samples are separate extractions and must each have a unique matrix spike. 

MSfMSDs are prepared according to individual analytical SOPS and are not part of this method. 

For metals analysis, il' percent recovery is less than 50% and the metal concentration is within 20% of the 
regulatory level, the method of standard additions may be used to determine metal concentrations. 

13.0 Calibration and Standardization 

13.1 Balances - Be sure the balance is checked prior to use and performance criteria are met (see SOP 1040 
for calibration of balances. 

13.2 pH Meter - Calibrate the pH meter prior to use (see SOP 3210 for pH meter calibration). 

13.3 Thermometer - Check the thermometer to ensure the calibration has not expired (see SOP 1040 for 
thermometer calibration). Check the thermometer during the analysis and record the corrected 
temperature in the preparation logbook. 

14.0 Procedure 

14.1 Preliminary Evaluations: 

Perform preliminary 1,P evaluations on an aliquot of waste. Size used may vary depending on amount of 
sample available for testing. This aliquot may not actually undergo LP extraction. These preliminary 
evaluations include: (1) determination of the percent solids (Section 14.1.1); (2) determination of 
whether the waste contains insignificant solids and is, therefore, its own extract after filtration (Section 
14.1.2); (3) determination of whether the solid portion of the waste requires particle size reduction 
(Section 14.1.3); and (4) determination of which of the extraction fluids are to be used for the non- 
volatile LP extraction of the waste (Section 14.1.4 and 14.1.5). 

14.1.1 Preliminary determination of percent solids: Percent solids is defined as that fraction of a waste 
sample (as a percentage of the total sample) from which no liquid may be forced out by an applied 
pressure, as described below. 

14.1.1 .]If the waste will obviously yield no liquid when subjected to pressure filtration (i.e., is 100% 
solids) proceed to Section 14.1.3. 

14.1 .I .21f the sample is liquid or multiphasic, liquid/solid separation to make a preliminary determination 
of percent solids is required. This involves the filtration device described in Section 9.3.2 
and is outlined in Sections 14.1.1.3 through 14.1 -1 -9. 

14.1.1.3Pre-weigh the filter and the container that will receive the filtrate, record the weight. 

SOP 2 125 Leaching Procedurrs 
Revision 00 
June 2,2003 
Page 1 1 of 29 

File: \\Hanison'd\Quality Control\Quality Manual & SOPsY2000 Miscellaneous Properties Test Meihods\SOP 2 125 TCLP-SPLPU 125 Leaching Procedures 
Rev OO.doc 



Analysis Corporation: 

14.1.1.4 Assemble the filter holder and filter following the manufacturer's instructions. 

14.1.1.5 Weigh out a subsample of the waste and record the weight. 

14.1.1.6 Allow slunies to stand to permit the solid phase to settle. Wastes that settle slowly may be 
centrihged prior to filtration. Centrihgation is to be used only as an aid to filtration. If used, 
the liquid should be decanted and filtered followed by filtration of the solid portion of the 
waste through the same filtration system. 

14.1.1.7 Quantitatively transfer the waste sample to the filter holder (liquid and solid phases). Spread 
the waste sample evenly over the surface of the filter. 

NOTE: If waste material (>I O h  of original sample weight) has obviously adhered to the container used to 
transfer the sample to the filtration apparatus, determine the weight of this residue and subtract it from the sample 
weight determined in Section 14.1.1.5 to determine the weight of the waste sample that will be filtered. 

14.1.1.8 Gradually apply pressure of 1-10 psi, until air or pressurizing gas moves through the filter. If 
this point is not reached under 10 psi, and if no additional liquid has passed through the filter 
in any 2-minute interval, slowly increase the pressure in 10 psi increments to a maximum of 
50 psi. After each incremental increase of 10 psi, if the pressurizing gas has not moved 
~hrough the filter, and if no additional liquid has passed through the filter, or when liquid 
flow has ceased at 50 psi (i.e., filtration does not result in any additional filtrate within any 2 
minute period), stop the filtration. 

NOTE: Instantaneous application of high pressure can degrade the glass fiber filter and may cause premature 
plugging. 

14.1.1.9 The material in the filter holder is defined as t!le solid phase of the waste, and the filtrate is 
defined as the liquid phase. 

NOTE: Some wastes, such as oily wastes and some paint wastes, will obviously contain some material that 
appears to be a liquid. Even after applying pressure filtration, as outlined in Section 14.1.1.8, this material may 
not filter. If this is the case, the material within the filtration device is defined as a solid. Do not replace the 
original filter with a fresh filter under any circumstances. Use o~ily one filter. 

14.1.1.10 Determine the weight of the liquid phase by subtracting the weight of the filtrate container 
(see Section 14.1.1.3) from the total weight of the filtrate-filled container. Determine the 
weight of the solid phase of the waste sample by subtracting the weight of the liquid phase 
from the weight of the total waste sample, as determined in Section 14.1 .1.5 or 14.1.1.7. 
Record the weight of the liquid and solid phases. Calculate the percent solids; 

Percent solids = Weight of solid (Section 14.1.1 -9) x 100 
Total weight of waste (Section 14.1.1.5 or 14.1.1.7) 

14.1.2 If the percent solids determined in Section 14.1.1 . I  0 is equal to or greater that 0.5%, then proceed 
either to Section 14.1.3 to determine whether the solid material requires particle size reduction or to 
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the next section 14.1.2.1 if it is noticed that a small amount of the filtrate is entrained on the filter. If 
the percent solids determined in Section 14.1 .l. 10 is less than 0.5%, then proceed to Section 14.2.1 3 
if the non-volatile LP is to be performed and to Section 14.3 with a fresh portion of the waste if the 
volatile LP is to be performed. 

14.1.2.1 Remove the solid phase and the filter from the filtration apparatus. 

14.1.2.2 Dry the filter and solid phase at 100 k 20°C until two successive weighings yield the same 
value within + 1 %. Record the final weight. 

14.1.2.3 Calculate the percent dry solids as follows: 

Percent dry solids = [Weight of dry waste + filter) - tared weight of filter x 100 
Initial weight of waste (Section 14.1.1.5 or 14.1.1.7) 

14.1.2.4 If the percent dry solids is less than 0.5%, then proceed to Section 14.2.1 3 if the non-volatile 
LP is to be performed, and to Section 14.3 if the volatile LP is to be performed. 

If the percent dry solids is greater than or equal to 0.5%, and if the non-volatile LP is to be 
performed, return to the beginning of Section 14.1 and, with a fresh portion of waste, 
determine whether particle size reduction is necessary (Section 14.1.3) then determine the 
appropriate extraction fluid for TCLP or SPLP (Section 14.1.4 and 14.1.5). 
For ASTM always use extraction fluid #3 

If only the volatile LP is to be performed, proceed to section 14.3 and use extraction fluid #1 
for TCLP and extraction fluid $3 for SPLP. 

14.1.3 Determination of whether the waste requires particle size reduction (particle size rs reduced during 
this step): Using the solid portion of the waste, evaluate the solid for particle size. Particle size 
reduction is required, unless the solid has a surface area per gram of material equal to or greater that 
3.1 cm2, or is smaller than 1 cm in its narrowest dimension (i.e., is capable of passing through a 9.5 
mrn (0.375 inch standard sieve). It the surface area is smaller or the particle size larger than 
described above, prepare the solid portion of the waste for extraction by crushing, cutting, or 
grinding the waste to a surface area or particle size as described above. If the solids are prepared for 
organic volatiles extraction, special precautions must be taken (see Section 14.3.6). 

NOTE: Surface area criteria are meant for filamentous (e.g., paper, cloth, and similar) waste materials. Actual 
measurement of surface area is not required, nor is it recommended. For materials that do not obviously meet the 
criteria, sample-specific methods would need to be developed and employed to measure the surface area. Such 
methodology is currently not available. 
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14.1.4 Determination of appropriate extraction fluid for TCLB. 

If the solid content of the waste is greater than or equal to 0.5% and if the sample will be extracted for 
non-volatile constituents (Section 14.2), determine the appropriate fluid (Section 10.2.8) for the non- 
volatiles extraction as follows: 

14.1.4.1 Weigh out a small subsample of the solid phase of the waste, reduce the solid (if necessary) 
to a particle size of approximately 1 mm in diameter or less, and transfer 5.0 grams of the 
solid phase of the waste tc a beaker. 

14.1.4.2 Add 96.5 mL of reagent water to the beaker and stir vigorously for 5 minutes using a 
magnetic: stirrer. Measure and record the pH. If the pH is <5.0, use extraction fluid #1 
Proceed to Section 14.2. 

14.1.4.3 if the pH from section 14.1.4.2 is >5.0, add 3.5 mL IN HCI, sluny briefly, heat to 50°C, and 
hold at 50°C for 10 minutcs. 

14.1.4.4 Let the solution cool to room temperature and rccord the pH. lf the pH is -4.0, use 
extraction fluid #l .  If the pH is >5.0, use extraction fluid #2. Proceed to section 14.2. 

14.1.5 For Determination of the appropriate extraction fluid for SPLP: 

14.1 S.1 For soils, if the sample is fro111 a site that is east of the Mississippi, extraction fluid #4 
should be used. If the sample is from a site that is west of the Mississippi River, extraction 
fluid #5 should be used. 

14.1 S.2 For wastes and wastewater, extraction fluid #4 should be used. 

14.1 S.3 For cyanide-containing wastes andfor soils, extraction fluid #3 (reagent water) must be 
used because leaching of cyanide-containing samples under acidic conditions may result in 
the formation of hydroger, cyanide gas. 

14.1.6 If the aliquot of the waste used for the preliminary evaluation (Sections 14.1.1 - 14.1.5) was 
determined to be 100% solid at Section 14. I .  1.1, then it can be used for the Section 14.2 extraction. 
If the aliquot was subjected to the procedure in Section 14.1.1.7, then another aliquot shall be used 
for the volatile extraction procedure in Section 14.3. The aliquot of the waste subjected to the 
procedure in 14.1.1.7 might be appropriate for use for the Section 14.2 extraction if an adequate 
amount of solid (determined by Section 14.1 .l .  10) was obtained. The amount of solid necessary is 
dependent upon whether a sufficient amount of extract will be produced to support the analyses. If 
an adequate amount of solid remains, proceed to section 14.2.10 of the non-volatile I.,P extraction. 
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14.2 Procedure When Volatiles Are Not lnvolved 

A sample size up to 45 grams is recommended. In some cases, a larger sample size may be appropriate, 
depending on the sol~ds content of the waste sample (percent solids, See Section 14.1. I), whether the 
initial liquid phase ol' the waste will be miscible with the aqueous extract of the solid, and whether 
inorganics, semi-volatile organics, pesticides, and herbicides are all analytes of concern. Enough solids 
should be generated for all extraction such that the volun~e of LP extract will be sufficient to support all 
of the analyses required. If the amount of extract generated by a single LP extraction will not be 
sufficient to perform all of the analyses, more than one extraction may be performed and the extracts 
from each combined and aliquoted for anaiysis. 

14.2.1 If the waste will obviously yield no liquid when subjected to pressure filtration (i.e., is 100% solid, 
see Section 14.1 .I), weigh out a subsample of the waste and proceed to Section 14.2.10. 

14.2.2 If the sample is liquid or multiphasic, liquidlsolid separation is required. This involves the filtration 
device described in Section 9.3.2 and is outlined in Section 14.2.3 to 14.2.8. 

14.2.3 Pre-weigh the container that will receive the filtrate. 

14.2.4 Assemble the filter holder and filter following the manufacturer's instructions. Place the filter on the 
support screen and secure. Acid w?.sh the filter if evaluating the mobility of metals (see Section 9.4) 

NOTE: Acid washed filters may be used for all nvn-volatile extractions even when metals are not of concern. 

14.2.5 Weigh out a subsample of the waste and record the weight. If the waste contains <0.5% dry solids 
(Section 13.1.2) the liquid portion of the waste, after filtration, is defined as the LP extract. 
Therefore, enough of the sample should be filtered so that the amount of filtered liquid will support 
all of the analyses required of the LP extract. For wastes containing 20.5% dry solids (Sections 
14.1 .I or 14.1.2), use the percent solids information obtained in Section 14.1.1 to determine the 
optimum sample size for filtration. Ellough solids should be generated by filtration to support the 
analyses to be performed on the LP extract. 

14.2.6 Allow slurries to stand to permit the solid phase to settle. Wastes that settle slowly may be 
centrifuged prior to filtration. Use centrifugation only as an aid to filtration. If the waste is 
centrifuged, the liquid should be decanted and filtered fvllowed by filtration of the solid portion of 
the waste through the same filtration system. 

14.2.7 Quantitatively transfer the waste sample (liquid and solid phases) to the filter holder (Section 9.3.2). 
Spread the waste sample evenly over the surface of the filter. 

NOTE: If waste material (>I % of the original sample weight) has obviously adhered to the container used to 
transfer the sample to the filtration apparatus, detc~mine the weight of this residue and subtract it from the sample 
weight determined in Secrion 14.2.5, to determiile the weight of the waste sample that will be filtered. 

14.2.8 Gradually apply ;I pressure of 1-10 psi, until air or pressurizing gas moves through the filter. If this 
point is not reached under 10 psi, and if no additional liquid has passed through the filter in any 2- 
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minute interval, slowly increase the pressure in 10 psi increments to a maximum of 50 psi. After 
each incremental increase of 10 psi, if the pressurizing gas has not moved through the filter, and if no 
additional liquid has passed through the filter, or when liquid flow has ceased at 50 psi (i.e., filtration 
does not result in any additional filtrate within any 2 minute period), stop the filtration. 

NOTE: Instantaneous application of high pressure can degrade the glass fiber filter and may cause premature 
plugging. 

14.2.9 The material in the filter holder is defined as the solid phase of the waste, and the filtrate is defined 
as the liquid phase. Weigh the filtrate. The liquid phase may now be either analyzed (see Section 
14.2.1 2) or stored at 0.1-6°C until time of analyses. 

NOTE: Some wastes, such as oily wastes and some paint wastes, will obviously contain some material that 
appears to be a liquid. Even after applying pressure filtration, as outlined in Section 14.2.8, this material may not 
filter. If this is the case, the material within the filtration device is defined as a solid and is canied through the 
extraction as a solid. Do not replace the original filter with a fresh filter under any circumstances. Use only one 
filter. 

14.2.10 Transfer the solid material into the extractor bottle (afier particle size reduction, if needed) along 
with the filter used to separate the initial liquid from the solid phase, and proceed to Section 14.2.1 1 .  

14.2.1 1 Determine the amount of extraction fluid to add to the extractor vessel as follows: 

20 x percent solids (Section 14.1.1) x weight of waste 
Weight of - - filtered (Sectionl4.2.5 or 14.2.7) 

extraction fluid 100 

Slowly add this amount of appropriate extraction fluid (see Section 14.1.4 or 14.1.5) to the extractor 
vessel. Close the extractor bottle tightly (it is recommended that Teflon tape be used to ensure a tight 
seal), secure in rotary agitation device, and rotate at 30 & 2 rpm for 18 & 2 hours. Ambient 
temperature (i.e., temperature of room in which extraction takes place) shall be maintained at 23 f 
2°C during extract ion period. 

NOTE: For ASTM rotate for 1 8 hours & 15 minutes. 

NOTE: As agitation continues, pressure may build up within the extractor bottle for some types of wastes (e.g., 
limed or calcium carbonate containing waste may evolve gases such as carbon dioxide). To relieve excess 
pressure. the extractor bottle may be periodically opened (e.g., after 15 minutes, 30 minutes, and 1 hour) and 
vented into a hood. 

14.2.12 Following the extraction, separate the material in the extractor vessel into its component liquid and 
solid phases by filtering through a new glass fiber filter, as outlined in Section 14.2.7. For final 
filtration of the L.P extract, the glass fiber filter may be changed, if necessary, to facilitate filtration. 
Filter(s) shall be acid washed (see Section 9.4) if evaluating the mobility of metals. 

14.2.1 3 Prepare the LP extract as follows: 
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14.2.13.1 If the waste contained no initial liquid phase, the filtered liquid material obtained after 
rotation (section 14.2.1 1) is defined as the LP extract. Proceed to section 14.2.14. 

14.2.13.2 If compatible (e.g., multiple phases will not result on combination), combine the filtered 
liquid after rotation (section 14.2.1 1) with the initial liquid phase of the waste obtained in 
Section 14.2.9. This combined liquid is defined as the LP extract. Proceed to Section 
14.2.14. 

14.2.13.3 If the initial liquid phase of the waste as obtair~ed in Section 14.2.9, is not or may not be 
compatible with the filtered liquid resulting from Section 14.2.12, do not combine these 
liquids. Analyze these liquids separately (they are collectively defined as the LP extract), and 
combine the results mathematically, as described in Section 14.2.14. 

14.2.14 Following collection of the LP extract. the pH of the extract should be recorded. Immediately aliquot 
and preserve the extract for analysis. Metals aliquots must be acidified with nitric acid to pH <2. If 
precipitation is observed upon additi~n of nitric acid to a small aliquot of the extract, then the 
remaining portion of the extract for metals analysis shall not be acidified and the extract shall be 
analyzed as soon as possible. All other aliquots must be stored under refrigeration (0.1-6°C) until 
analyzed. The LI' extract shall be p;epared and analyzed according to appropriate analytical 
methods. LP extracts to be analyzed for metals shall be acid digested except in those instances where 
digestion causes loss of metallic analytes. If an analysis of the undigested extract shows that the 
concentration of any regulated metallic analyte exceeds the regulatory level, then the waste is 
hazardous and digestion of the extract is not necessary. However, data on undigested extracts alone 
cannot be used to demonstrate that the waste is not hazardous. If the individual phases are to be 
analyzed separately, determine the volume of the indillidual phases (to + 0.5%), conduct the 
appropriate analyses, and combine the results mathematically by using a simple volume-weighted 
average: 

(Vl) (Cl) + (V2) (C2) 
Final Analyte Concentration = - 

VI  -+ V2 

Where: 

VI = The volume of the first phase (L). 
C I  = The concentration of the analyte of concern in the first phase (mg/L). 
VZ = The volume of the second phase (I2 j. 
Cz = The concentration of the analyte of concern in the second phase (mgk). 

14.3 Procedure When Volatiles are Involved 

Use the ZHE to obtain LP extract for analysis of volatile compounds only. Extract resulting from the use 
of the ZHE shall not be used to evaluate the mobility of non-volatile analytes (e.g., metals, pesticides, 
etc.). 
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The ZHE device has a.pproximately 500 inL internal capacity. The ZHE can thus accommodate a 
maximum of 25 gram:; of solid (defined as that fraction of a sample from which no additional liquid may 
be forced out by an applied pressure of 50 psi), due to the need to add an amount of extraction fluid equal 
to20 times the weight. of the solid phase. 

Charge the ZHE with sample only once and do not open tbe device until the final extract (of the solid) 
has been collected. Repeated filling of the ZHE to obtain 25 ,mms of solid is not permitted. 

Do not allow the waste, the initial liquid phase, or the extract to be exposed to the atmosphere for any 
more time than is absolutely necessary. Any manipulation of these materials should be done when cold 
(0.1-6°C) to minimize loss of volatiles. 

14.3.1 Pre-weigh the extract collection container ECC (see section 9.6) and set aside. Express an 
appropriate amount of liquid from the ZHE device into the ECC whether for the initial or final 
liquidlsolid separation, and take an aliquot from the liquid for analysis. The ECCs listed in Section 
9.6 are recommended for use under t l~e  conditions stated in Sections 9.6.1 - 9.6.2. 

14.3.2 Place the ZHE piston within the body of the ZHE (it may be helpful to first moisten the piston O- 
rings slightly with extraction fluid). Adjust the pistor? within the ZHE body to a height that will 
minimize the distance the piston will have to move occe the ZHE is charged with sample (based upon 
sample size requirements determined from Section 11.3, Section 14.1.1 andor 14.1.2). Secure the 
gas inletloutlet flange (bottom flange) onto the ZHE body in accordance with the manufacturer's 
instructions. Secure tile glass fiber filter between the rupport screens and set aside. Set liquid 
inletloutlet flange (top flange) aside. 

14.3.3 If the waste is 100% solid, (see Section 14.1 . I ) ,  weigii {jut a subsample (25 gram maximum) of the 
waste, record weight, and proceed to Section 14.3.5. 

14.3.4 If the waste contains < 0.5% dry solids (Section 14.1.2), the liquid portion of waste after filtration, is 
defined as the LP extract. Filter enough of the samplc so that the amount of filtered liquid will 
support all of the volatile analyses required. For wastes containing 2 0.5?/0 dry solids (Sections 
14.1.1 andior 14.1.2), use the percent solids informarion obtained in Section 14.1 .! to determine the 
optimum sample size to charge into the ZHE. The recommended sample size is as follows: 

Weight of waste to charge ZHE = 25 x 100 
Percent solids (Section 14.1 . I )  

Weigh out a subsalnple of the waste of the appropri3te size and record the weight. 

14.3.5 If particle size retiuction of the solid portion of the waste was required in Section 14.1.3, proceed to 
Section 14.3.6. If particle size reduction was not required in Section 14.1.3, proceed to Section 
14.3.7. 

14.3.6 Prepare the waste: for extraction by crushing, cutting, or grinding the solid portion of the waste to a 
surfacc arca or pruticle size as described in Section 14.1.3. Wastes and appropriate reduction 
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equipment should be refrigerated, if possible, to 0.1-6°C prior to particle size reduction. The means 
used to effect parlicle size reduction must not generate heat in and of itself. If reduction of the solid 
phase of the wastt: is necessary, exposure of the waste to the atmosphere should be avoided to the 
extent possible. 

NOTE: Sieving of the waste is not recommended due to the possibility that volatiles may be lost. The use of an 
appropriately graduated ruler is recommended as an acceptable alternative. Surface area requirements are meant 
for filamentous (e.g., paper, cloth) and similar waste materials. Actual measurement of surface area is not 
recommended. 

When the surface area or particle size has been appropriately altered, proceed to Section 14.3.7. 

14.3.7 Waste slurries need not be allowed to stand to permit the solid phase to settle. Do not centrifuge 
wastes prior to filtration. 

14.3.8 Quantitatively transfer the entire sample (liquid and solid phases) quickly to the ZHE. Secure the 
filter and support screens onto the top flange of the device and secure the top flange to the ZHE body 
in accordance with the manufacturer's instructions. Tighten all M E  fittings and place the device in 
the vertical position (gas inlet/outlet flange on the bottom). Do not attach the extract collection 
device to the top plate. 

NOTE: If waste material (>I% of original sample weight) has obviously adhered to the container used to 
transfer the sample to the ZHE, determine the weight of this residue and subtract it from the sample weight 
determined in Section 14.3.4 to determine the weight of the waste sample that will be filtered. 

Attach a gas line to the gas inletloutlet valve (bottom flange) and, with the liquid inletloutlet valve (top flange) 
open, begin applying gentle pressure of 1-10 psi (or more if necessary) to force all headspace slowly out of the 
ZHE device into a hood. At the first appearance of liquid from the liquid inletloutlet valve, quickly close the 
valve and discontinue pressure. If the waste is 100% solid (see Section 14.1 .I), slowly increase the pressure to a 
maximum of 50 psi to force most of the headspace out of the device and proceed to Section 14.3.1 2. 

14.3.9 Place the pre-weighed ECC under the liquid inletloutlet valve and open the valve. Begin applying 
gentle pressure of 1-10 psi to force the liquid phase of the sample into the filtrate collection 
container. If no additional liquid has passed through the filter in any 2-minute interval, slowly 
increase the pressure in 10 psi increments to maximum of 50 psi. After each incremental increase of 
10 psi, if no additional liquid has passed through the filter in any 2 minute interval, proceed to the 
next 10 psi increment. When l i q~ id  flow has ceased such that continued pressure filtration at 50 psi 
does not result in any additional fiitrate within any 2-minute period, stop the filtration. Close the 
liquid inletloutlet valve, discontinue pressure to the piston, and disconnect and weigh the filtrate 
collection container. 

NOTE: Instantaneous application of high pressure can degrade the glass fiber filter and may cause premature 
plugging. 

14.3.10 The material in the ZHE is defined as the solid phase of the waste and the filtrate is defined as the 
liquid phase. 
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NOTE: Some wastes, such as oily wastes and some paint wastes, will obviously contain some material that 
appears to be a liquid. Even after applyng pressure filtration, this material will not filter. If this is the case, the 
material within the filtration ,device is defined as a solid and is carried through the L,P extraction as a solid. 

If the original waste contained ~ 0 . 5 %  dry solids (see Section 14.1.2), this filtrate is defined as the LP extract and 
is analyzed directly. Proceed to section 14.3.16. 

14.3.1 1 The liquid phase may now be either analyzed immediately (see Sections 14.3.13 through 14.3.15) or 
stored at 0.1-6°C under minimal headspace conditions until time of analysis. 

Determine the wt:ight of extraction fluid #1 to add to the ZHE for TCLP, 

determine the weight of extraction fluid #3 to add to the ZHE for SPLP as follows: 

20 x percent solids (Section 14.1.1) x weight of waste 
Weight of - - to charge the ZHE (Section 14.3.4 or 14.3.8) 
extraclion fluid 100 

14.3.12 The following sections detail how to add the appropriafe amount of extraction fluid to the solid 
material within the ZHE and agitation of the ZHE vessel. Extraction fluid #1 is used in all cases for 
TCLP. Extraction fluid #3 is used in all cases for SPLP. 

14.3.12.1 With the %HE in the vertical position, attach a line from the extraction fluid reservoir to the 
liquid inletloutlet valve. The line used shall contain fresh extraction fluid and should be pre- 
flushed with fluid to eliminate any air pockets in the line. Release gas pressure on the ZHE 
piston (from the gas inletloutlet valve), open the liquid inletloutlet valve, and begin 
transferring extraction fluid (by pumping or use of a syringe or similar means) into the ZHE. 
Continue pumping extraction fluid into the ZElE until the appropriate amount of fluid has 
been introduced into the device. 

14.3.12.2 After the extraction fluid has been added, immediately close the liquid inletloutlet valve and 
disconnect the extraction fluid line. Check the ZHE to ensure that all valves are in their 
closed positions. Reposition the ZHE in the vertical position with the liquid inlet/outlet valve 
on top. Pressurize the ZHE to 5-10 psi (if necessary) and slowly open the liquid inletioutlzt 
valve to bleed out any headspace (into a hood) that may have been introduced due to the 
addition of extraction fluid. This bleeding shall be done quickly and shall be stopped at the 
first appearance of liquid from the valve. 

14.3.12.3 Re-pressu~ize the ZHE to 50 psi and check all ZHE fittings to ensure that they are closed and 
record the pressure. Let stand for 1 hour. Check and record the pressure again. If the 
pressure has not changed, depressurize to 5-1 0 psi and procecd to the next step. If the 
pressure has changed, check the fittings to determine the source of the leak and try to correct. 
If the problem was corrected repeat this step (Section 14.3.12.3). 
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14.3.12.4 Place the ;:HE in the rotary agitation apparatus (if it is not already there) and rotate at 30 + 2 
rpm for 16 k 2 hours. Ambienl temperature shall be maintained at 23 +_ 2°C during agitation. 

14.3.13 Following the agitation period, check and record the pressure behind the ZHE piston. If pressure has 
not been maintained (i.e., pressure on the gauge has dropped or no gas release is observed), the 
device is leaking. Check the ZHE for leaking as specified in Section 9.2.1 and perform the extraction 
again with a new sample of waste. If the pressure within the device has been maintained, the 
material in the extractor vessel is oncz again separated into its component liquid and solid phases. 

14.3.14 If the waste contained an initial liquid phase, filter the liquid into the TEDLARB bag that contains 
the initial liquid before agitation. A separate TEDLARB bag must be used if combining would 
create multiple phases, or there is not enough volume left within the TEDLARB bag. Filter through 
the glass fiber filler. These liquids arc collectively defined as the LP extract. 

If the original waste contained no initial liquid phase, filter through the glass fiber filter into 40 mL 
HCI preserved VOA vials. This filtered liquid is detined as the LP extract. 

NOTE: An in-line glass fiber filter may be used to filter the material within the ZHE if it is suspected that the 
glass fiber filter has been ruptured. 

14.3.15 Following collection of the LP extrsc!. immediately prepare the extract for analysis and store with 
minimal headspace at 0.1-6°C until analyzed. Analyze the LP extract according to the appropriate 
analytical methods. If the individual phases are to be analyzed separately (i.e., are not miscible), 
determine the volume of the individuzl phases (to * 0.5%), conduct the appropriate analyses, and 
combine the results mathematically by using a simple \/olume-weighted average: 

Final Analyte: Concentration = - 

v,+ vi 

where: 

V,  = The volume of the first phase (I ,). 
C ,  = The concentration of the analytt: of concern in the first phase (mg/L). 
V2 = The volume of the second phase (L). 
C2 = The concentration of the analyte of concern in the second phase (mg/L). 

15.0 Data Reduction, Calculations and Loading 

Not Applicable to the SOP 

16.0 Method Performance 
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Not Applicable to the SOP 

17.0 Pollution Prevention 

The preparation of excessive volumes of laboratory reagents and standards shall be avoided so that waste and 
potential for pollution are minimized. Samples, reagents and standards shall be disposed in compliance with the 
lab waste disposal program, SOP 1 130. With the consent of the client, the samples may be returned to their 
origin for treatment. 

Uncontaminated paper waste. glass and cans should be separated for recycling. Laboratory staff are required to 
protect the laboratory's and our clients' business information when disposing of recycled paper or waste from the 
facility. 

18.0 Data Assessment and Criteria for Quality Control Measures 

Demonstration of Capability (DOC) 

DOCS are not applicable to this procedure. 

19.0 Corrective Actions for Out-Of-Control Data 

The process for handling unar:ceptable and out of control data is found in SOP 230 Corrective Action. 

20.0 Contingencies for Handling Out-Of-Control Or Unacceptable Data 

Every effort is made to prevent problems from occurring. When out of control or unacceptable data occurs the 
first option is to identify the problem and reanalyze the samples within the holding times. When this is not 
possible, the QA Manager antilor the Laboratory Director reviews data and discusses options with the client. 
Reanalysis or reporting the data with qualification are alternatives. Out of control or unacceptable data reported 
to the client must include the data qualifier, flag and discussion on the rationale for reporting. 

Holding time exceedance, improper preservation and improper sample condition or storage are noted on the 
corrective action form and included on the final report. 

20.1 The process for handling unacceptable and out of control data is found in the Laboratory QAM Section 
1 1. The reporting of data that is out of control must be approved and documented by Quality Assurance 
Manager and either the Technical Manager or the Laboratory Director. 

20.2 Client Requested Modifications: 
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20.2.1 Clients must request modifications from the laboratory SOP in writing to the lab. 

20.2.2 The lab director, technical manager and quality assurance manager will evaluate the requested client 
deviations, detennine the feasibly of the deviation and the potential effects on the data. 

20.2.3 If it is determined that the lab will perform the requested deviations, lab director, technical manager 
and quality assurance manager will decide if a method validation study is required. 

20.2.4 The designated project manager will retain all documentation concerning the requested deviation, 
including all correspondence with the client, in the client folder. 

20.2.5 The final analytical report must include the statement "This report has analyses performed using 
client requested tnodzfications ". 

21.0 Waste Management 

The STAT Analysis Corporation Waste Disposa! SOP 1130 identifies proper waste management practices for the 
chemicals used in this procedure. Samples are stored and discarded accordance with SOP 1 130 Waste Disposal. 
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Physical/Chemical Methods" Update 111, December 1996 
ASTM Method D 3987-85 Re-approved 1992 
SOP 230 Corrective Actions 
SOP 10 10 Standard and Reagent Preparation 
SOP 1400 LIMS 
SOP 1 130 Waste Disposal 
SOP 003 Chemical Hygiene Plan 
SOP 1250 Data Review 
Manufacturers' Equipment Instruction Manuals 
SOP 1230 Training 
SOP 42 10 pH of Aqueous, Soil, and Waste Samples by EPA 9040B, 9045C, 150.1 
SOP 1040 General Laboratory Procedures 

23.0 Forms, Figures, Tables, Diagrams, Flowcharts, Attachments or Validation 
Data 

23.1 Figure 1 and Figure 2: Agitation Apparatus and Zero Headspace Extractor (ZHE). 
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23.2 Flowchart 1 : Leaching Procedure Flowchart from Method 131 1 ,  Revision 0; U.S. EPA SW-846 "Test 
Methods for Evaluating Solid Waste, PhysicaVChemical Methods" Update In, December 1996 

23.3 Flowchart 2: Leaching Procedure Flowchart from Method 13 12, Revision 0; U.S. EPA SW-846 "Test 
Methods for Evaluat~ng Solid Waste, Physical/Chemical Methods" Update 111, December 1996 
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SOP ADDENDUM 

SOP TITLE: SOP 2 125 Leaching Procedures 
Revision 00, Effective Date: 6/2/03. 

Issued by Laurie Fetterman, QA Manager & /d3//03 
Approved by: Dennis Jachim, Technical Manager 03 10l3110-3 

Date of Issue: October 3 1. 2003 

The following information is added to the SOP: 

Section 2. (edit this section, additions are italicized) 

This method is applicable to the following matrices: aqueous. drinking wafers, Saline/Estuarine, non- 
aqueous liquid, biologcal tissue, solids (including soils, sediments, sludges and other matrices with 
>I596 settleable solids), chen~ical waste, and air and emissions. 

Section 5. (edit this section, additions are italicized) 

5.4.1 Sample amounts used are varied based upon analytical tests requirements. The 
Iaboratoy tumbles enough sample to generate extract to support the analyses reqliested. 
Waste, minimizing the amount of laboratory waste. I f  additional analyses are requested 
or upon customer request, the laboratory can leach more sample. Sample extracts for 
volatile organic analysis are expressed directly into 40 rnL VOA vials according to 
criteria in Section 9.6.2. These vials allow for automated analysis of the sample. If the 
leachate were first expressed into a TEDLAP bags, then it would need to be transferred 
into a 40 nlL vial. This step minimizes sample handling. . 

5.3.2 Samples for ASTM are rotated at 30*2 rpm and filtered through a 0.6 to 0.8 urn glass 
fiber filter. Thefilters are used to comply with the TCLP standards. 

5.4.3 Preliminary evaluations are not done using a minimum 100 g aliquot. There is usually 
not enough sample for this preliminay step. Thus, samples are leached and analyzed 
directly. This also minimizes the amount of waster generated. 

5.4.4 Preliminary evaluations are not done using a minimum 100g aliquot. This modification is 
only performed when there is insufficient sample. Otherwise, lOOg sample is used for 
preliminary evaluation. 

Section 14.4 Procedure (edit this section, additions are italicized 

Records: Leaching Procedure Records will contain, at a minimum, the following: 

1) Lab sample ID code 
2) Date and Time of analysis 
3) ZHE vessel number 
4) Analysis type 
5) All manual calculations 
6) Analyst 's initials or signature. 

The initials/signature of the QA Manager and the Technical Manager indicate that this is a controlled 
document. 



Section 16.0 Method Performances (edit this section, additions are ilalicized) 

6 1 Ruggedness. The Laboratory has relied on'the ruggedness testing listed in Method 1311 
of SW-846. Two ruggedness studies have been performed by EPA to determine the efJrct 
of various perturbations on speclfic elements of the leaching procedure protocol. (The 
Laboratory has relied on the ruggedness testing listed in Method 131 1 of SW-846.) 
Ruggedness testing determines the sensitivity of small procedural variations, which might 
be expected to occur during routine laboratory application. 

16.1.1 Metals - The following conditions were used when leaching a waste for metals 
analysis: 

Varying Conditions 

L iquid/Solid Ratio 19:l vs. 21:l 
Extraction time 16 hours vs. 18 hours 
Headspace 20% vs. 60% 
Buffer #2 acidity 190 meq vs. 21 0 meq 
Acid-washedjlt ers yes vs. no 
Filter type 0.7 um glassjber vs. 0.45 um vs. polycarbonate 
Bottle type borosilicate vs. flint glass 

Of the seven method variations examined, acidity of the extraction fluid had the greatest 
impact on the results. Four of 13 metals from an API separator sludge/electroplating 
waste (API/EW) mixture and two of three metals from an ammonia lime still bottom were 
extracted at higher levels by the more acidic buffer. Because of the sensitiviw to pH 
changes, the method requires that the extructionfluids be prepared so that the final pH is 
within *O. 05 pH units as speciJied. ' -% 

16.1.2 Volatile Organic Compounds - The following conditions were. used when 
leaching a waste for VOC analysis: 

Varying Conditions 

Liquid/Solid Ratio 19.1 vs. 2I: l  
Headspace 0% vs. 5% 
BufJer #I acidity 60 meq vs. 80 meq 
Method of storing extract Syringe vs. Tedlar bag 
Aliquotting yes vs. no 
Pressure hehindpiston 0 psi vs. 2Opsi 

None of the parameters had a signijicant effect on the results of the ruggedness test. 

23. Attachments. (edits this section, additions are italicized 

Attachment I: Leaching Procedures Prep Logbook Page 

END OF ADDENDUM 

The initialdsignature of the QA Manager and the Technical Manager indicate that this is a controlled 
document. 



Comments: 

TCLP Preparation Logbook 
Reviewed by: Book i f :  3 1-0003 

Page 2 of I00 

Jar Number: 

Matrix: 
Analyst: 

p---p-.--p----..---.--. 

P. 

.- . .. 

---TI]-. 
- 

- 
% SOLIIIS DETERMINATION: 

3 
Weight of Sample (g.) (A): 
Weight of Dry Filter (E): 
Wt. of Dry Filter + % Dry Solids (F): 
Weight of Empty Beaker (B): 1 
Weight of Beaker + Filtrate (C): 

- .  -- 

-- 

-. . . 

% Solids (D): (A-(C-B))IA) x 100: 
or % Dry Solids (G): ((F-E)/A) x 100: 
Primary Leachate Volume (mL): 

EXTRACTION FLUID DETERMMATION: 
pH 1 : 5 g sample + 96.5 mL Dl, stir 5 
min., if pH c5 use fluid # I ,  if >5 add 3.5 
mL 1 M HCI, heat to 50°C and hold for 10 
min., cool to 25'C, measurc pH (=pH 2) 
pH 2 :  If pH 2 c5, use fluid # I ,  if pH2 >5, 
use fluid #2 
Extraction Fluid Used (lor 2 )  and plt: 
(pi1 of Fluid 1 = 4.884.98, Fluid 2 = 2.83-2.93) 

-- 

-- 

- -. . - - - . 

-- 

~ _ ... 

- 

ACTUAL TCLP SET-UP: - -TI- 23 1 ~ 

---- 

Weight of sample (g.): 

Amount of Extraction Fluid used 
= (20 x D x g)1100: - 
Datemime Started: 

Datemime Stopped: 

-- .- 

pH beforc Filtration 
Acid Preserved (Initials) 

- 

- 

.- .. .- - -. . - 

- - 

-- 

---. 

- 

j 
ZHE Pressure (psi) 
Initial/Post RotationIFinal 

Vessel Number or Disposable: 

Filtration Unit # 

- - -- 

----- 

- 

- 
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1.0 IDENTIFICATION OF TEST METHOD 

SOP Title: Volatile Organic Compounds by Gas ChromatographylMass Spectrometry (GCJMS) is abbreviated as VOC in 
laboratory records. 

2.0 APPLICABLE MATRICES 

This method is also .3pplicable to nearly all types of samples, regardless of water content, including, but not limited to, ground 
and surface water, mobility extracts, aqueous ;ludges, caustic liquors, acid liquors, waste solvents, oily wastes, mousses, tars, 
fibrous wastes, polymeric emulsions, filter cal~es, spent carbons, spent catalysts, soils, and sediments. Purge-and-trap by 
Methods SW-846 5030 (aqueous samples) ant1 SW-846 5035 (solid and waste oil samples) are the preparation techniques 
used in this SOP. 

In addition, other przparation techniques are s Iso appropriate and necessary for some additional compounds not routinely 
analyzed using this SOP (see Method SW-840 8 2 6 0 ~ ) .  These additional preparation techniques and non-routine compounds 
are not addressed in this SOP. 

3.0 DETECTION LIMITS 

The lab follows the procedure found in 40CFI< Part I36B to determine the MDL for each matrix type on an annual basis. See 
the STAT Analysis :SOP 12 10 for the MDL p ~cedure ,  frequency and acceptance criteria. The MDLs measured by the lab 
and all supporting d.xumentation are in the laboratory QA files for review. 

The laboratory detelmined MDL must alway~ be less than the reporting limit (RL), which is determined by the lowest 
calibration standard. The RLs will usually range from three to ten times the laboratory measured MDLs but this relationship 
may vary dependent on dilution of sample aliquots, matrix interferences, moisture adjustments (in solid samples), or method- 
specified requirements. Attachment 1 contairls the current MDLs and reporting limits (RLs) for this SOP. 

4.0 SCOPE AND APPLICATIOPI 

4.1 This standard operating procedure dxcribes in detail the precise methods used at STAT Analysis Corporation for the 
analysis of environmental samples for Volatile Organic Compounds (VOCs) by GC-MS. This SOP as written is to be 
applied when Method SW-846 8260B is requested. This SOP is used to determine the concentration of VOC's in all 
types of solid waste matrices, soils, imd various types of water. 

4.2 SOP 4000 can be used to quantify most VOCs that have both boiling points below 200°C and are either insoluble or 
slightly soluble in water. Volatile water-soluble compounds can be included in this analytical technique; however, 
for more soluble compounds, quantitation limits are approximately ten times higher due to poor extraction 
efficiencie:; born water. The SOP is also limited to compounds that elute as sharp peaks from a GC non-polar 
capillary column. Such compounds include low-molecular weight halogenated hydrocarbons, aromatics, ketones, 
nitriles, acetates, acrylates, ethers, and sulfides. See Attachment 2 for a list of compounds and their characteristic 
ions that have been evaluated on the specified GCIMS system. 

4.3 The reporting h i t s  (RLs) for ths  SOP are shown in Attachment 1 for soils and water. RLs will be proportionately 
higher for sample extracts and samples that require.dilution or reduced sample size to avoid saturation of the 
detector. 

4.4 This method is restricted to use by cr under the supervision of analysts experienced in the use of a Gas 
Chromatol;raph/Mass Spectrometer (GCIMS) and skilled in the interpretation of mass spectra. Each analyst must 
demonstrate the ability to generate acceptable results with this method. 
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5.0 SUMMA.RY OF TEST METHOD 

5.1 Prior to using this method, the sampl8:s must be pxpared for the GC/MS using the appropriate sample preparation 
technique (see Section 14.1). Volatile compounds (VOCs) are introduced into a Gas Chromatograph (GC) by the 
purge-and-wap method or by direct ir~jection. Purge and Trap: An inert gas (Helium) is bubbled through the water at 
ambient temperature (Method SW-846 5030) and at 40°C for soils (Method SW-846 5035). The volatile 
ComponenLj are efficiently transferre11 60m the aqueous phase to the vapor phase. The vapor is swept through an 
adsorbent column where the volatile .:omponents are trapped. After purging is completed, the adsorbent column is 
heated and back flushed with Helium desorbing the components into a GC column. lf the above sample introduction 
techniques are not applicable, a p0rti.m of sample is dispersed in methanol to dissolve the volatile organic 
constituent:;. A portion of the metha1101 solution is combined with water in the purging chamber. It is then analyzed 
by purge-and-trap GCIMS followng the normal soil method. 

5.2 This method describes chromatographic conditions that will allow for the separation of the compounds and for their 
qualitative and quantitative analysis by Gas ChromatographyIMass Spectromehy (GCMS). identification of target 
compound:; is accomplished by comF aring component retention times to those of authentic standards and by 
comparing their mass spectra with thl: electron impact (or electron impact-like) spectra of authentic standards. 
Quantitation is accomplished by comparing the response of a major (quantitation) ion relative to an internal standard 
using a fivt:-point calibration curce. 

5.3 Method M:odifications from Reference -This SOP is based on Methods SW-846 8260B, 5030B, and 5035. The 
4-Bromofluorobenzene (BFB) mass spectrometer tuning criteria used in this SOP is referenced in the CLP Statement 
of Work (SOW) for Organic Analysts Revision OLM04.2 May 1999. This is an option in Method SW-846 8260B. 
Soil samples received in Encore (or t:quivalent).are prepped according to CLP Statement of Work (SOW) for 
Organic Analyses Revision OLM04." May 1999. Medium level dilutions are prepared fiom an aliquot of the 
methanol preserved sample that is trrnsferred into 5 ml of reagent water and analyzed using the soil Archon 
procedure. 

The STAT Analysis Quality Manual Section ' 9.0 contains all the definitions of standard terms used in SOPS. 

7.1 GCiMS data 6om all blanks, samples, and spikes must be evaluated for interferences. Interferences purged or co- 
extracted with methanol 6om the samples, will vary from source to source depending upon the particular sample or 
extract being tested. Determine if th2 source of interference is laboratory induced. If the source of the interference 
is laboratory induced, take corrective: action to eliminate the problem. 

7.2 Contamination by canyover can occ ~r whenever high-concentration and low-concentration samples are sequentially 
analyzed. Reagent blanks must be a.lalyzed to demonstrate that canyover has been eliminated. Reanalysis must be 
performed on all affected samples to demonstrate that the compound concentration is &om the sample and not due to 
carryover. The purge-and-trap system may require extensive bake out and cleaning after a high-level sample. 
Cleaning nay include trap replacema:nt, purge gas filter replacement, bit cleaning/replacement andlor transfer line 
cleaning/replacement. 

7.3 Samples can be contaminated by difhsion of volatile organics (particularly methylene chloride, acetone, and 
fluorocarbons) through the septum saal into the sample during shipment and storage. A refigerator blank, 
consisting of preserved reagent water, is stored under the same conditions as the samples. It is analyzed weekly to 
ensure that samples are not cross-co Itamhated during the storage process. Clients may specify trip blanks and field 
blanks for additional contamination checks to monitor for cross contamination during the shipping and sample 
collection processes. 
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9.9 Volumetric flasks, Class A - 10 mL, 50 mL, 250 mL with ground glass stoppers 

9.1 0 Balance: Analytical, capable of acc~~rately weighing 0.0001g and a top loading balance capable 0.001g 

9.1 1 Spatula - !;tainless steel 

9.12 Disposable pipettes: Pasteur 

9.13 Amber glass vials - 10 mL with 'ref:on-lined mininert screw caps 

9.14 pH strips, wide range 

9.15 Magnetic Stirring bars - Teflon coated 

9.1 6 Encore e:ctrusion tool. 

9.17 Adjustable autopipette dispenser - 10 mL 

10.0 REAGENTS AND STANDARDS 
The following reagents and standards are required to perform this procedure. When instructions are given on how to prepare 
a specific volume o fa  reagent or standard, lager or smaller volumes can be prepared as needed so long as the final 
concentrations remain the same. Any other deviations from the reagents or standards listed in this SOP could be detrimental 
to the quality of the data produced. Such devations would have to be approved and documented (see 230 Corrective Action 
SOP). 

Instructions for labeling and record keeping of reagents and standards are contained in SOP 1010 Standard and Reagent 
Preparation. 

10.1 Analytical reagent grade chemicals shall be used in all tests. Unless otherwise indicated, all reagents shall conform 
to the specifications of the Comrnit.ee on Analytical Reagents of the American Chemical Society, where such 
specifications are available. 

10.2 Organic-jiee reagent water - All rejerences to water in this SOP refers to Type I1 reagent water (in-house system). 
Note: Reagent water may be de-gassed with High Purity Helium to remove trace impurities. 

10.3 Stock Standard solutions - Standard solutions can be prepared from pure standard materials or purchased as 
certified solutions (e.g. Supelco). ' . le routine laboratory practice is to purchase these standards from approved 
vendors. The standards used are purchased hm: Protocol, Aldrich, Supelco, Restek, and AccuStandard. All 
purchaseti standards are stored at manufacturer's recommended conditions. Stock solutions prepared from neat 
compounds expire six months from preparation date. Working Standard solutions and Working Quality Control 
(QC) soli~tions are stored at < -10°12 and must be replaced monthly or sooner if comparison with quality control 
check sarnples indicates a problem. Quality Control Standards must be from different source (lot numbers) than 
Calibration Standards. 
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10.3.1 Primary Stock Standard Solltions - These solutions are made using the individual Stock Standard solutions 
Using microliter syringes, the following amounts of each Stock Standard solution are injected into 10 mL 
vc.lumetric flasks. Each sollltion is brought to volume with P&T methanol, capped and mixed. The final 
concentration of each compjnent is listed in Table 1. These are the primary stock standard solutions used 
to prepare the Working standard solutions in Section 10.3.2. These standards are stored at < -10°C in 10 
mL amber vials equipped with Teflon lined mininert screw caps. They are fieshly prepared every 6 
months, or sooner if check ~tandards indicate a problem. Note: The 50000 p g / d  2-methylnaphthalene 
Primary Stock solution is made from pure solution by diluting 0.5000g in a 10.0rnL Volumetric Flask with 
PAT methanol. Once a purt:hased Stock Standard solution bas been opened, it is stored as a Primary Stock 
Stxndard Solution. 

Tablc 1 Primary Stock Standard Solutions 

Conc. Stock Vol. Stock Final Conc. 

(pg/mI) (PI) (ctg/ml) 
Neat 422 40,000 

10.3.2 Working Standard Solution:; -These solutions are made using the Stock Standard solutions and Primary 
Stock Standards solutions. Using microliter syringes, the following amounts of each Stock Standard 
solution are injected into 10 mL volumetric flasks. Each solution is brought to volume with Methanol, 
capped and mixed. The final concentration of each component is listed in Table 2. These are the Working 
Standard solutions used to pepare the calibration standards in Section 10.4. These standards are stored at 
< - 10°C in 10 d amber vials equipped with Teflon lined mininert screw caps. Note: the 1,4-dioxane is 
stored in an I d  vial with no dilution. Working Standard Solutions are freshly prepared every month, or 
sooner if check standards indicate a problem. The Working standard for gases, M-502B-GASES, has been 

' 7 C h .  

found to be stable for one nonth when stored at the listed concentration and tinal volume (Table 2). This 
solution is replaced if Continuing Calibration Verification (CCV) or Laboratory Control Sample (LCS) 
outliers exist. 
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Table 2 Working Standard Solutions 

( 1 Stock Solution I VendoriCatalog No.* 1 Conc. Stock I Vol. Stock I Final Conc. 1 
(pgiml) (PI) (PgJml) 

Restek / 5535 15 2000 - 40000 1250 250 - 5000 
AccuStandardl 2000 1250 250 

M-8260-ADD- IOX 
AccuStandardl 2000 1250 250 
S-406A- I OX 

Aldrich/E4,940-1 2000 1250 5000 
VendorICatalog No.* Conc. Stock Vol. Stock Final Conc. 

M-502A-R-I OX 
AccuStandardl 2000 1250 250 

I ox 
2-Nitropropane 
Cyclohexanone 

VOC-F.LIST Ethyl Acetate 

Ethyl Ether 
VOC-I ,2- 2-methylnaphthalen 

Methylnaphthalene I-methylnaphthalen 

1,4-Dioxane 1,4-Dioxane 

* or equivalent 

10.4 Calibration Standards - A rninin~un~ of five calibration standards are prepared. The low standard is the RL and 
above the MDL. The others define the working range of the GCMS system. Calibration standards in current use: 
5,20,5@, 100,200 and 300 pg/L. %ee Table 3 for Soil and Table 4 for Water standards. 

10.4.1 Using microliter syringes, th(: following amounts of the Working solutions are injected into a volumetric 
flas.k. The flask contains waler within 1 mL of the mark. After all Working solutions are injected into the 
water, the solution is brought to volume with water and capped. The flask is gently inverted three times to 
mix the solution. The conter ts of the neck portion of the flask are discarded prior to taking an aliquot. The 
final concentration of each component is listed in Table 3 and Table 4. The solution may be stored in a gas 
tight syringe or a 40 mL VO.1 vial (with no headspace in the storage container) at 4°C for up to 24 hours. 
Thc continuing calibration vc:rification standards (CCVs) are prepared daily. Levels 2 ,3  and 4 (10,50, and 
100 pg/L) are used for the 03Vs. 

10.4.2 For soil calibration: A 5 mL gas tight syringe is used, the plunger from the syringe is removed. The 
calibration standard solution ffom the volumetric flask is gently decanted into the syringe until the syringe is 
fillzd to almost overflowing. The plunger is carefilly placed into the syringe barrel; no air bubbles are 
trapped in solution The soll~tion volume is adjusted to 5 mL. The 5 rnL aliquot of each calibration solution 
is then transferred to an indil~idual40 mL. VOA vial containing a stir bar. The vial is sealed with a screw cap 
with Teflon faced septum. 
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10.5 Internal StandardslSurrogate Standards Solution: The internal standards used are Chlorobenzene-d5, 
Pentafluorobcnzene, 1 ,4-Dichlorotmenzene-d4, and 1,4-Difluorobenzene. The surrogates are Toluene-ds, 4- 
Bromofluorobenzene, Dibromofluoromethane, and 1,2-Dichloroethane-d,. A commercially prepared stock 
solution, 2000 pgiml, is purchased fiom Supelco (Cat. No. 4-895814-7778). The Working Standard solution is 
prepared by injecting 6.25 rnl of s t x k  standard into a 50 mL volumetric flask and diluting to mark with Methanol. 
The conc~entration of the Spiking sjlution is 250 pg/mL. This Working Standard solution is added to the standard 
reservoir of the Archon Autosampler. One microliter (1.0 pL) is added to each sample aliquot that is analyzed by 
the system. The concentration in t le sample is 50 pglL for all Internal Standard and Surrogate compounds. This 
solution zxpires after one month. 'The internal standards permit most of the compounds of interest in a 
chromatogram to have retention tuocs of 0.80-1.20 relative to one of the internal standards. Use the base peak ion 
from the specific internal standard as the primary ion for quantitation (see Attachment 2, i.e. for 1,4- 
dichlorobenzene-d4, use 152 d z  fix quantitation). If interferences are noted, use the next most intense ion as the 
quantitation ion. 

10.6 GC/MS x ~ n g  standard - A standard solution containing 25 ug/rnL of BFR in methanol is prepared. Dilute the 
Protocol 2000 pglmL BFB stanb.d (I25 pL) in a 10.0 ml Volumetric Flask with P&T methanol. Inject 2 pL of 
this worldng solution onto the coh mn every 12 hours. This solution will expire after six months. A methanol 
solution containing 25 ng/pL of4-Bromofluorobezene (BFB) is used to tune the mass spec. The VOC tuning 
standard is purchased from Protocd (Cat. No. 5242-Sl). Store at < - 10°C when not being used. Inject 2 pL o f  this 
standard at the start of every 12 hcurs of operation. 

10.7 The Laboratory Control Sample (ICS) is also used as an Initial Calibration Verification Standard (ICV). Spiking 
solutions are prepared &om certifizd analytical stock standard solutions purchased independently &om the 
Calibration Standards. The LCS stock standards are purchased fiom Supelco and Restek. 

.7.1 The LCS Spiking Solutions are prepared according to Table 5. These solutions are made using the LCS stock 
staridard solutions. Using a rlicroliter syringe, the following amounts of each solution are injected into a 
single 10 mL volumetric ilask. The solution is brought to volume with Methanol, capped and mixed. The 
final concentration of each component is listed in Table 5. These are the source solutions used to prepare the 
LCS for both soil and water zamples. These solutions are stored at < -10°C in a 10 mL amber vial equipped 
with a Teflon lined mininert :;crew cap. It is heshly prepared every month, or sooner if check standards 
indicate a problem. Note: The 2000 ~r@'rnL Acrolein Stock solution is made fi-om pure solution by diluting 
25pL in a 10.0mL Volumetric Flask with methanol. 

Table 5 LCS Spiking Solutions 

( Solution ICl I Stock Solution ( VendorICatalog ( Conc. Stock ( Vol. Stock ( Final Conc. I 
No.* 

SupelcoI5-00607 
LCS-MIX Supelco148799-U 

* or equivalent 

8240B Mix #2 Supelco14-7364 
Supelco14-850 1 

LCS-CM Supelcol20283002 
Restek1302 16 
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10.7.2 Soil LCS preparation: Using a 10 pL microliter syringe, inject 10 p1. of each LCS Spiking Solutions into a 
10 rill volumetric flask filled to the mark with water. The flask is capped and is gently inverted three times to 
mix the solution. The content:: of the neck portion of the flask are discarded pnor to taking an aliquot. A 5 
rnL gas tight syringe is used, the plunger fiom the syringe is removed and the LCS working solution from the 
volimetric flask is gently decanted into the syringe until the syringe is filled to almost overflowing. The 
p1ur:ger is carehlly placed into the syringe barrel; ensure that no air bubbles are trapped in solution. The 
solution volume is adjusted tc 5 mL. The 5 mL aliquot of the LCS solut~on is then transferred to an 
individual 40 mL VOA vial containing a stir bar and standard Ottawa sand. The vial is sealed with a screw 
cap with Teflon faced septum 

10.7.3 Water LCS preparation: Using a 100 pL syringe, inject 50 pL of each LCS Spiking Solution into a 50 ml 
volumetric flask filled to the rnark with water. The flask is capped and is gently inverted three times to mix 
the :iolutlon. The contents of the neck portion of the flask are discarded prior to taking an aliquot. The LCS 
solution fiom the volumetric llask is gently decanted into an Individual 40 mL VOA vial until the vial is'filled 
to almost overflowing. The screw cap wlth Teflon faced septum 1s carehlly placed on the vial. Ensure that 
no air bubbles are trapped in the vial. 

10.8 Matrix Spike standards - The LC:S Spiking solutions are also used for the Matrix Spiking solution. For soil 
samples, prepare the LCS Spiking s~lution (50pg/L) as in Section 10.7.3. The LCS solution fiom the volumetric 
flask is gently decanted into a 10 ni, gas tight syringe with removable needle, and injected into each vial already 
containing the soil sample. For watt r sarhples, transfer the water sample into a 50 ml volumetric flask and follow 
the procedure in Section 10.7.3 

10.9 Methanot - Purge &Trap (P&'f) (irade quality. Due to possible cross contamination, store in VOA room only. 

10.10 Helium - UHP grade for purge gar. and carrier gas. 

10.1 1 Helium --HP grade fbr optional res gent water degassing 

10.12 Ottawa Sand. 

11.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

1 1.1 Containers used to collect samples for the determination of volatile organic compounds: For water samples, use 40 
mL VOPL glass vials equipped with Teflon faced septum and screw cap, no headspace and preserved with 
concentrated HCI to pH <2. Water samples containing residual chlorine should be field treated to remove the 
chlorine prior to collection. Soil samples may be collected in either a 40 mL VOA vial, a 40 mL VOA vial 
preserved with sodium bisulfate, a 40 mL VOA vial with 5.0 ml methanol, or Encore (or equivalent) samplers. 
Plastic containers or lids must N O 1  be used for the storage of samples due to the possibility of sample loss. A 
separate 4 oz jar should be supplied for percent moisture determination for soil and sediment analysis. Soils 
analyzed fiom a glass jar will N X I  be reported by Method 5035 . 

1 1.2 Water samples, soil samples preserved with sodium bisulfate, and soil samples preserved with 5.0 ml methanol 
must be stored under reftigeration at between O.l°C and 6.0°C. Analysis must be within 14 days ffom sampling 
date for water preserved with HCI (7 days for unpreserved water samples) and 14 days for soils. Soil samples 
collected in 40 mL VOA vials or 13nCore (or equivalent) samplers that are transferred to a close-system 40 mL 
VOA vial, that may contain reagent water; must be frozen within 48 hours of collection are held at <-loOc until 
analysis. 

1 1.3 All samples are stored away from all standards, reagents, food, and other potentially contaminating sources in 
order to prevent cross contamination. 
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12.0 QUALITY CONTROL 

The following details the QC requirements th;it apply to this analysis. Each Quality Control Indicator (QCI) provides 
information pertaining to either method or individual sample performance. Our goal is to produce defensible data of known 
and documented quality. The results of these Quality Control Indicator (QCI) samples are used to assess the acceptability of 
data. 

12.1 Calibration Verification 
An Init~al Calibration Verificat~on (ICV) standard containing all of the target compounds reported in this method 
(refer to section 10.7) shall be ana yzed immediately after the completion of the initial calibration. The ICV shall 
be purchased from a second sourct: to verify compound concentrations. 

12.2 Blanks 
Method Blank analysis is performc:d to determine if any contamination is present in the analytical process and is 
used to evaluate acceptance of the batch of samples. A method blank shall be prepared once per preparation batch 
of 20 or less samples per matrix type. If more than 20 samples are prepared a second blank shall be prepared after 
the twentieth sample. The method blank shall be processed through all preparatory steps used for the samples, 
including cleanup procedures. 'The blank shall be analyzed using the same instrument and conditions as the 
samples. 

12.3 Laboratory Control Sample (ZC'S) 
The LC:; is used to evaluate the pc:rformance of the total analytical system, including all preparation and analysis 
steps. The LCS shall be prepared once per preparation batch of 20 or less samples per matrix type. If more than 
20 samples are prepared a second LCS shall be prepared after the twentieth sample. The LCS shall be processed 
through a11 preparatory steps used for the samples, including cleanup procedures. The LCS shall be analyzed using 
the same instrument and conditions as the samples. Refer to section 10.7 for LCS compounds and concentrations. 

12.4 Surrbga tes 
The surrogates used for this method are added to all samples, standards, and blanks. Refer to section 10.5 for 
preparation and concentration instructions. 

12.5 Duplicates 
Duplicates of field samples or of the LCS must be prepared in compliance with the method requirements and client 
directives. Duplicate LCSs are prr pared for cases in which there is insufficient sample to perform a matrix spike 
and matrix spike duplicate. Reprojucibility performance would be the same as for a matrix spiketmatrix spike 
dupl icat.2. 

12.6 Matrix Spike and Matrix Spike Duplicate (MSIMSD) 
MS/MS:Ds indicate the effect of the sample matrix on the precision and accuracy of the results generated using the 
selected method. This informatio:l does not determine the validity of the entire batch. MStMSDs must be 
analyzed at a minimum of 1 per 20 samples per matrix per preparation procedure, or as specified by the required 
test method. If an MSMSD pair s not analyzed in the preparation batch, an LCStLCSD pair is analyzed. 
Samples chosen for matrix spikin!; are rotated among different cIients andlor different client projects. This is 
accompiished through cornmunic~tion between the Department Manager and the analyst. In addition, designated 
samples, as indicated by client request or contract requirement, are matrix spiked. The MSIMSD pair shall be 
processed through all preparatory steps used for the samples. They shall be analyzed using the same instrument 
and conditions as the samples. The LCS solutions in Section 10.7 are used for matrix spiking (see also Section 
10.8). Some clients may require different spiking levels andlor target compounds, these specific needs are 
documented on the request for an;ilysis forms. 

12.7 Internal Standards 
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The internal standards used for thi; method are added to all samples, standards, and blanks. Refer to section 10.5 
for preparation and concentration i ~structions. 

13.0 CALIBRATION AND STANDARDIZATION 

13.1 Mass ~ ~ e c t r o r n e t e r ~ u n i n ~  Verilication 

Mass ljpec is software-tuned wi! h the BFB tuning macro using PFTBA. Each GUMS system must be 
hardware-tuned to meet the criteria in Table 6 for a 50 ng injection of BFB. Analyses must not begin until all 
these criteria are met. Using a 10 pL syringe, inject 2 pL of BFB tuning standard solution directly on to the 
colun~n. Analyze the solution ujing the following BFB method conditions: 

BFB method operat - ng conditions 
EMV 1 300-2500 
Mass Range 
Scan Sampling Rate 
Initial Column Tern?. 
Initial Temp Holding Time 
Ramp I Temp Prog-am 
Ramp 1 Final Colurm Temp. 
Ramp 1 Holding Tine 
Injector Temp. 
Source Temp. 
Transfer Line Tear  . 
Split Ratio 
Carrier Gas - 

35-300 
2"2 
70°C 
2 minutes 
20°C/minute 
230°C 
3 minutes 
220°C 
250°C 
250°C 
50: 1 
UHP Helium 

Background subtraction must b: straightforward and designed only to eliminate column bleed or instrument 
background ions. Obtain a mass spectral analysis, using the method listed above, of BFB and confirm that all 
the key rn/z criteria in Table 6 :re achieved. The mass spectra of BFB are acquired using the following 
methods: three scans (the peak jpex scan and the scans immediately preceding and following the apex) are 
acquired and averaged, the peal: apex only is evaluated, or the entire BFB peak is averaged. If background 
subtraction is required, this must accomplished using a single scan no more than 20 scans prior to the elution of 
BFB. Do not background subbact part of the BFB peak. Note: the instrument-tuning file used to acquire the 
BFB criteria must be also used to acquire QC and sample data. If the criteria are not passed, the analyst must 
perform needed maintenance,  tune the mass spectrometer and repeat the test until all criteria are achieved. 

Note: the 12-hour tune period t)egins at the start of the BFB analysis, which is recorded as the data acquisition 
start time on the data file. The last valid calibration standard in the ICAL must have a data acquisition start 
time less than 12 hours kom th: start of the tune period. 
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Table 6 Acceptance Criteria for BFB 

13.2 Initial Calibration (ICAL) 

13.2.1 Analyze each calibration standard according to the procedure listed in Section 14 (standards are analyzed 
under the same conditions i s  samples) and tabulate the target ion area of the compound against 
concentration for each corn3ound relative to the appropriate relative internal standard. See Attachment 5 
fcmr the list of internal standird assigned to each compound. Calculate response factors (RFs) for each 
compound in each calibratij~n standard as follows: 

where: 

A, = Area of the characteristic ion for the compound being measured. 
A,, = Area of the characteristic ion for the specific internal standard. 
c,, = Concentration of the specific internal standard (50 pg/L for this method) 
cs = Concentration of the compound being measured (pg/L). 

13.2.2 Calculate the average respc8nse factor (@) .for each compound as follows: 

RF = RF for each of the cdibration levels (i.e., 5) 
n = Number of RF values (i.e., 5) 
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13.2.3 A system performance check. must be performed to ensure that minimum average U s  are met before the 
calibration curve is used. If ~t is determined that one calibration level has an unacceptable response, that 
level may be reanalyzed once. If the minimum average RF is still not met, corrective action must be taken 
and the calibration sequence repeated. If any major changes are made to the system (e.g. column changed 
or detector cleaned), recalib -ation of the system must take place. For Volatiles, the System Performance 
Check Compounds (SPCCs) and the the minimum average RFs are as follows: 

Chloromethane 
1, I -Dichloroett ane 
Bromoform 
Chlorobenzene 
1,1,2,2-Tetrachloroethane 

13.2.4 Calibration Check Compou~ld (CCC) responses are monitored to check the integrity of the system. The 
CCCs are as follows: 

Vinyl chloride I ,2-Dichloropropane 
I ,  1 -Dichlorc~tl~ene Toluene 
Chloroform Ethylbenzene 

Using the RFs kom the initlal calibration, calculate the percent relative standard deviation (XRSD) for the 
C,~libration Check Compou lds (CCC). 

T':, calculate %RSD: %oF.SD = 100% x SDIRF 

%RSD - % Relative Standard Deviation 

-- 
RF = average of initial RFs for a compound 
SD = standard deviation (1-1) of average RFs for a compound 

To calculate Standard Deviation (n-1 degrees of freedom) 

where: RF, = RF for each of the 5 calibration levels 
N = Number of RF values (i.e., 5) 

13.2.5 1Fthe %RSD of any CCC compound is > 30%, then the chromatographic system is too reactive for analysis 
to begin. Check stability of the trap, replace if necessary. Perform the initial calibration procedure 
beginning with section 13.:!.1. 
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13.2.6 Linearity : If the %RSD of any compound is 15% or less, then the relative response factor is assumed to be 
constant over the calibratior range, and the average relative response factor is used for quantitation. If the 
%,RSD is greater than 15%, first order linear regression is used. The calibration curve must meet the 
requirements for curve fitting listed in SW-846 8000B and the correlation coefficient is a .99 .  The 
equation is not forced throu;;h the origin. 

13.2.7 Retention Times: The Relalive Retention Times (RRT) of each compound in each calibration standard 
should be within * 0.06 RT units. 

13.2.8 Before sample analysis can ~eg in ,  a Initial Calibration Verification (ICV) (see Sec. 10.7) must be 
performed. The ICV result. must be within the acceptance criteria as established for the CCV compounds 
(Section 13.3). Other components should be be recovered within 85 to 1 15% of the true value. 

All calibration curves must have a unique identifier. The calibration date is incorporated into the 
method identifier for ez sy reference. 
All initial calibration standards must be analyzed within the 12-hour BFB tune verification window. 
Calibration must be coinpleted (all standard levels analyzed) within 36 hours or the entire calibration 
sequence must be repei.ted. If the calibration was not completed in the first tune window it may 
continue into a second m e  window. Standard calibration levels from either tune window can be used. 
An exception follows: if BFB criteria does not pass criteria for the second tune window and major 
maintenance was done to the instrument or the Mass Spec tuning parameters were adjusted in order to 
obtain an acceptable tune for BFB, the entire calibration sequence must be repeated. 
All initial calibration standards must be analyzed and verified prior to field sample analyses. 
DO not add calibration standards and update the curve after the original calibration date. 
Multiple analyses of th: same calibration level are not allowed to be included in the calibration curve. 
Compound responses cannot be selected from different analyses of the same calibration level (i.e. all 
compound responses for level 1 must come from the same data file), except for bromomethane andlor 
chloroethane, see Section 10.4.4. 
lf  more than five calibtation levels are analyzed, it is permissible to either drop the low compound 
concentration (poor ret.ponse) or the high compound concentration (detector saturation). Do not drop a 
point in the middle of t  he curve. 
If more than five calibiation levels are analyzed, it is permissible to drop an entire level if the analyst 
can document a specific reason or reasons why that level should be excluded. Mechanical failures, 
significant loss of all c,~mpound responses possibly due to poor technique in standard preparation, o r  
software malhnction during data acquisition (system did not acquire all compound data) are plausible 
reasons. The reason milst be justified and documented. The supervisor should review this situation and 
approve the analyst's c ecision. 
The need to analyze m x e  than two analyses of the same calibration level indicates a potential problem 
with the Working Standard solution. Prepare a fresh Working Standard solution and repeat all five- 
calibration levels. ,411 calibration standard levels must come from the same Working Standard solution 
Manual integration must only be used if the software fails to properly integrate the peak (See SOP 1255 
Manual Integration). If manual integration is used for a particular compound, all levels of  that 
compound do not have to be manually integrated. Example: the computer generated integration of a 
compound in the low 1:vel standard is not te~hnically sound. A manual integration of the compound is 
performed (due to bascline noise, etc) in order to achieve a technically sound integration. Other levels 
of  the compound are integrated correctly by the computer. The manual integration of the low level 
must m?tch, as best as possible, the computer generated integrations for all other levels. 
If any compound in tho: mid-point level is manually integrated, the integration of this compound must 
be reviewed for every continuing calibration standard and QC check solution (i.e. LCS, and Matrix 
Spike) to ensure that the integration is the same as the manual integration performed in the initial 
calibration (ICAL) mil-point. A consistent manner of integration must be achieved. 
All manual integrations must be reviewed and approved according to SOP 1255 Manual Integration. 
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13.3 Continuing Calibration Verification (CCV) 

13.3.1 Tbe mass spec must pass tur e criteria (see Section 13.1) every 12 hours during analysis of samples. 

13.3.2 A continuing calibration verification (CCV) sample is analyzed every 12 hours during analysis of samples. 
Different standards are anal!rzed for the CCV such that a wider range of the calibration curve is verified. 
Fcr example: on successive jays analyze the 50 pg/L and the next day the 100 pg1L standard solution. 
Compare the response factors, of the SPCCs and the CCCs, and the internal standards from the CCV with 
the following criteria. 

13.3.3 Ttte SPCC compounds must meet the minimum criteria as stated in Section 13.2.3. 

13.3.4 Control limits for the CCC (.ompounds are * 20% difference &om the ICAL Response Factor (RF) if the 
average RF is used for quantitation, or * 20% drift from the true concentration of the CCV compound if 
lir~ear regression is used. 

13.3.5 The areas of the internal sta~dards in the CCV must be between -50% and +loo% of the respective areas of 
th8;f internal standards in the ICAL mid-point calibration standard. 

13.3.6 The retention times of the internal standards in the CCV must be within + 30 seconds of the respective 
retention times of the intern31 standards in the lCAL mid-point calibration standard. 

13.3.7 If the CCV results obtained are outside the acceptance criteria, corrective actions must be performed. If 
routine corrective actions fail to produce an acceptable second consecutive (immediate) CCV, then either 
the lab has to demomtrate ~erformance after corrective actlon with two consecutive successful CCVs, or a 
nc:w ICAL must be perform-d. If the instrument has not demonstrated acceptable performance, sample 
analyses cannot continue ur ti1 a new ICAL is established and verified with an ICV. However, sample data 
associated with an unacceptable CCV may be reported as qualified data under the following special 
conditions: 

13.3.7.1 When the acceptance criteria for CCV are exceeded high, i.e., high bias, and there are associated 
samples that are non-detects, then those non-detects may be reported. Otherwise the samples 
affected by the un:lcceptable calibration verification must be reanalyzed after a new ICAL has been 
estabiished, evaluated and accepted. 

1:3.3.7.2 When the acceptru~cecriteria for the CCV are exceeded low, i.e., low bias, those sample results 
may be reported if'they exceed a maximum regulatory liniit/decision level. Otherwise the samples 
affected by the un;icceptable verification must be reanalyzed after a new ICAL is established and 
verified with rul ICY. 

13.3.7.3 When the accepta31ce criteria for the CCV are exceeded and it is not possible to reanalyze the 
sample due to lim ted sample quantity AND a new sample cannot be obtained by the laboratory, 
the data may be reported with the appropriate data qualifiers if the client has been contacted and 
agrees, in writing, to accept the qualified data. 
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13.4 Records: Initial and Continuing Ciilibration Records will contain, at a minimum, the following: 

1) Calibration date 
2) Test method 
3) Instrument 
4) Analysis date 
5 )  Each compound name 
6) Analyst's initials or signature 
7) Stan,dard Concentration (appn~pnate units) and number of standards 
8) Response (appropriate units) 
9) Calibration curve or response Factor 
10) Evaluation of and Statistics for ICAL curve fit in order to judge calibration curve acceptance 
11) Evaluation of and Acceptance Limits for ICV analysis in order to judge calibration curve acceptance 
12) Evaluation of  and Acceptance Limits for CCV analysis in order to judge continuing calibration acceptance 

13.5 Thermometers - The thermometen in the sample refkigerators and the standards freezer must be checked daily. 
They must meet performance crite ia .  Check the thermometer to ensure the calibration is not expired (see SOP 
1040 Geqeral Laboratory Practice::). 

13.6 Balance - Be sure the balance is checked prior to use and performance criteria are met (see SOP 1040 Genera1 
Laboratc ry Practices). 

14.1 Sample Preparation 

13.1.1 S;imples are removed h m  the refigerator and placed in the Archon autosampler. The samples are allowed 
to warm to ambien: temperature prior to analysis. All standards, method blanks, and QC solutions (made 
frsm thc same reagent water) are przpared &I 40 mL VOA vials and put in the Archon. 

14.1.2 Siimples are prepared for al~alysis by wing a Purge and Trap. If the trap is new, condition it by purging it 
with Helium at 40d/min fcdr 30 minutes at room temperature followed by a bake at 270°C in the bake mode 
with Helium flow of 40 mllmin. 

14.1.3 Plrge and Trap Conditions 

P u s e  and Trap op~xating condit~ons - 
Purge Ready Temp 3 0°C 
Sample Size 5 mL 
Purge Time 1 1  minutes 
Purge Flow 40 a m i n  
Dry Purge Time 5 minutes 
Pre-heat Temp 245OC 
Desorb Temp 250°C 
Desorb Time 2 minutes 
Bake Temp 260°C 
Bake Time 7 minutes 
Transfer Line Temp. 250°C 
Purge Gas UHP Helium 
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14.1.4 Cbeck the Internal StandardtdSurrogate Solution reservoir to ensure that enough solution is present. One 
(1 :I microliter of this solution is added automatically to the 5 mL (or 25mL) water sample aliquot as it 
transfers to the 5 ml (or 25 nd) purging vessel. Soils samples are treated similarly except they are purged 
directly in the 40 ml V0A v al without opening. Five (5) ml of reagent water is added to transfer the one 
(1 :I microliter of internal startdard/surrogate solution to the sample vial. 

14.2.1 G(I/MS Conditions: 

G C M S ~ a t i n g  conditions - -. - - --. -- - -. - - - - 
EMV 1300-2500 
Mass Range 
Scan Sampling Ratc 
Lnitial Column Tem?. 
Initial Temp Holding Time 
Ramp 1 Temp Prog am 
Ramp 1 Final Colurm Temp. 
Ramp 1 Holding Ti ne 
Injector Temp. 
Source Temp. 
Transfer Line Temp. 
Split Ratio 
Camer Gas 

35-300 
2 ̂ 2 
40°C 
4 minutes 
I O°C/minute 
230°C 
5 minutes 
220°C 
250°C 
250°C 
50: 1 
UHP Helium 

14.2.2 Access the computer and create a batch sequence file by following Section 14.3. 

14.2.3 Uslng a 10pL syringe, inject 2 pL of BFB tuning standard solution directly on to the column (50 ng on 
column). Analyze using tht: BFB method. Evaluate using the tune acceptance criteria (See Section 13.1). , 

14.2.4 Analyze the Continuing Calibration Verification Standard (CCV) and evaluate using CCV acceptance 
criteria (See Section 13.3). 

14.2.5 Analyze the Method Blank The method blank must contain less than the reporting level for all target 
compounds. If target parameters achieve these limits, recovery and retention times of the surrogate 
compounds are within acceptance limits, and the chromatography (baseline noise and compound tailing) is 
acceptable, continue the analysis. If any one of these criteria is not met, take appropriate corrective action 
to identify and correct the lroblem. 

14.2.6 Analyze the Laboratory Ccntrol Sample (in duplicate if a Matrix,Spike/Matrix Spike Duplicate is not 
analyzed). Recovery (and RPD) must meet criteria specified in section 18.2. 

14.2.7 [[all criteria are met, continue with sample analysis as outlined below. 

14.2.8 Water samples - a 5 rnl, (cr 25mL) water sample aliquot is transferred to the 5 rnl (or 2 5 d )  purging vessel. 
One (1) microliter of Intenla1 StandarddSurrogate Solution is added automatically to the 5 mL (or 25ml) 
water sample aliquot as it transfers to the 5 ml (or 25ml) purging vessel. 

14.2.9 Soil samples: - VOA soil samples are prepared for analysis in the field with pre-preserved and pre-weighed 
40 ml VOA Vial (5035 Ki:). These vials are post-weighed and the sample amount is determined by the 
difference between post-w-ight and pre-weight. The weight is recorded in the VOA Soil Sample Prep 
1,ogbook and in the Prep E:atch in LIMS (sees SOP 1400 LIMS). Each VOC sub-sample is assigned ~ t s  
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own unique Prep Batch. Three (3) EnCore samples (or equivalent) are usually collected for each sampling 
pcint and are placed in a tar:d 40 ml Vial with stir bar. The entire EnCore (or equivalent) soil sample is 
p1;jced in the 40 ml VOA vi.il with the use of the extrusion tool (in cases where the sample collector has 
prsvided one 5 grn EnCore .md one 25 gm Encore, the initial analysis is performed using the 5 gm EnCore 
and re-analysis and/or diluti~ns are performed using the 25 grn EnCore). The vial is weighed and recorded 
in the VOA Soil Sample Prep Logbook and the Prep Batch MI LIMS (see SOP 1400 LIMS). . Soil samples 
received in jars are also prepared into tared 40 ml VOA vials in a similar manner with care taken to 
minimize exposure of the sample to the environment (these samples are always reported without mention of 
Method 5035). The type of VOC collection device is recorded with the sample weights (5035 Kit, EnCore, 
or Jars). The'sample of known weight is placed in the Archon autosampler and five (5) ml of reagent water 
is added to transfer the one :l) microliter of internal standard/surrogate solution to the sample vial. 
Medium level analysis is performed upon samples preserved in 5 ml or 10 ml (P&T) methanol. The volume 
of'P&T methanol is noted. Aliquots of methanol are removed as appropriate; a 100 pL aliquot of methanol 
er-tract is the largest aliquot that can be analyzed as methanol may affect the system chemistry. 

14.2.10 If the response for any quatitation ion exceeds the initial calibration curve range of the G C M S  system, 
sample dilution and reanalysis is an option. If sample dilution is required for water samples, the sample is 
diluted using the following procedure: A 50 mL volumetric flask is filled with reagent water close to the 
mark. A 5 mL syringe is filled with sample born a second (intact) 40 mL VOA vial. An appropriate 
amount of sample (minimum I mL) is injected into the flask, the solution is brought to volume with water 
and capped. The flask is gently inverted three times to mix the diluted sample. The contents of the neck 
portion of  the flask are diw:arded prior to taking an aliquot. The diluted solution fiom the volumetric flask 
is gently decanted into an individual 40 mL VOA vial until the vial is filled to almost overflowing. The 
screw cap with Teflon faced septum is carehlly placed on the vial; no air bubbles are trapped in solution. 
The VOA vial is placed ill the Archon for analysis. If sample dilution is required for soil samples, the 
sample is diluted using the following procedure: Using microliter syringes, an appropriate amount of 
methanol extract (minimum 5.0 uL) is removed born sample preserved with methano1,and is injected into a 
40ml VOA vial containhi: a stir bar and 5ml of reagent water. The VOA vial is placed in the Archon 
alltosampler for analysis. 'Vote: Some soil samples will be reported with an " E  (exceeded the calibration 
range on the undiluted analysis and reported with a "J" value on the diluted analysis. The "E" value is 
rt:ported and a Quality Control Exception Report is generated and delivered to the project manager. 

14.2.1 1 Perform all qualitative and quantitative measurements as described in Sections 14.4 and 14.5. After water 
(5030) analysis, check the sample pH using the pH strips and record the result. Used vials are kept for 14 
days in VOC room and the I disposed according to SOP 1330 Waste Disposal. 

14.3 Analytical Sequence 

START CHEMSTATION SOFTWARE: 

From NT ~ e s k t o ~ :  Start/Prograrns/MSD ChemStationJInstrument #I/Instrument # 1  

The sofiware will locate the instnunent and all peripheral equipment. Once the software is fully loaded there will 
be two windows visible. Window one is the instrument control window. Instrument parameters are readily viewed 
kom this window. The second window is the sequence control window. No instrument parameters are viewable 
kom this window. 

SEQUI:NCE SETUP 
From menu: SequenceILoad 

1. Load the method you want b use fcr analysis (soiVwater) 
2.  OK (to save changes) 

From menu: SequenceIRun 
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3. Set current date in Data File Directory space (ie., C:\MSDCHEM\IiDATA\060702\) 
4. OK (to saw: changes) 

From melu: SequencefEdit Samplt Log Table 
1. Set data file name using current date  sing the following format MMDDWW (ie., 06070201) 
2. Set up sequence order using the fnllovjing format: (NOTE: Tune and CCV must always run first) 

NOTE: 71re number of samples, including tune and CCV that can be analyzed within the 12 hour window varies 
with each analysis. Use this list as a ;yide but always check that the samples were analyzed within 12 hours of the 
BFB injection. 

3. OK (to save changes) 

LLNE 

1 
2 

From menu: Methoillset New Default Paths 
1 .  Update the method and data file patks using the current date (ie., C:?MSDCHEM\l\DATA\060702\) 
2. OK (to save changes) 

VIAL 

100 

I _  
2 - 
3 
4 - 
5 
-- 

TYPE 

Sample 
Sample 
Sample 
Sample 
sample 
Sample 
Sample 

Using Windows Explorer copy all ot'the method files kom the previous day's folder into the current day's folder. 
Note: Afier each ICAL, the waterfsoil method is saved using the following format: matrixinstrumentMMDDWof 
last ICAL (ie., S 1 121002). 

T O  START SEQUENCE: 

DATA FILE 

11240201 
1 1240202 
1 1240203 
1 1240204 
1 1240205 
1 1240206 

From menil: SequencefRunIRun Sequence 

6--+,,- 1 1240207 S1121002 

Start of  he 12 hour sequence (as tlocumented as the dateftime stamp on the data file for the Tune Standard): 

METHOD 

BFBS 
Si 121002 
S1121002 
S1121002 
S1121002 
~1121002 

?he ana'ytical sequence for Initial Calibration is: 

BFB (T~me Standard) 
Calibration standard (S I) 
Calibration standard (S2) 
Calibration standard (S3) 
Calibration standard (S4) 
Calibration standard (S5) 
Calibration standard (S6) optiona 
Calibration standard (S7) optiona 
Initial Calibration Verification Stitndard (ICVj 
Method Blank (MBLK) 

SAMPLE NAME- 
INSTRUMENT --- 
TUNE VBFB 1 12402- 1 
CCV VSTDOSO 
MBLK VBLK112402- 1 
LCS VLCS112402-1 
SAMP ########### 
SAMP A########## 
SAMP ########### 

The analytical sequence for Sample Analysis is: 
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BFB 
Continuing Calibration Verificatior~ Standard (CCV) 
Method Blank (MBLK) 
LCS 
(LCS Duplicate optional) 
Sample C1 
Sample $1 Matrix Spike (MS) 
Sample k!l Matrix Spike Duplicate (MSD) 
Sample t!1 Laboratory Duplicate (optional) 
Samples #2, #3,  etc. until the end 3f 12 hour tune period 

14.4 Data Interpretation - Qualitative Analysis 

14.4.1 An compound is identified based upon Relative Retention Time (RRT) and by comparison of the sample 
mass ions with the mass ions > f a  standard of the suspected compound (standard reference ions). The 
reference mass ion ratio must be generated by the laboratory using the conditions of this method. The 
characteristic ions ffom the reference mass ion are defined to be the two or three ions of greatest relative 
intensity. See Attachment 2 for the ions to be monitored. Two criteria must be satisfied to verify 
identification: (1) elution of :ample component at the same GC relative retention time (RRT) as those of the 
star.dard component; and (2) :orrespondence of the sample component and the standard component mass 
ion:;. Intensities of the charac .eristic ions must maximize in the same scan or within one scan of each other. 

14.4.2 The- RRT of the sample component is within + 0.06 RRT units of the RRT of the standard component. 

14.4.3 The relative intensities of the characteristic ions must agree within 20% of the relative intensities of these ions 
in the reference spectrum. (euample: For an ion abundance of 50% in the reference, the corresponding 
abundance in a sample spectrum can range between 30% and 70%) 

14.4.4 Stnlctural Isomers that produx very similar mass spectra must be identified as individual isomers ~f they have 
sufficiently different GC rete~tion times. Sufficient GC resolution is achieved if the height of the valley 
between two isomer peaks is less than 25% of the sum of the two peak heights. Otherwise, structural isomers 
are identified as isomeric pai s .  The Manual Integration SOP 1255 is used for guidance in the integration of 
these two peaks and for othe~ situations that may require analyst efforts to correct computer generated 
integrations that are not techr~ically sound. 

14.4.5 Identification is hampered when sample components are not resolved chromatographically or co-elute and 
produce mass spectra contair ing ions contributed by more than one compound. When gas chromatographic 
peaks obviously represent more than one sample component (i.e., a broadened peak wlth shoulder(s) or a 
valley between two or more maxima), appropriate selection of compound spectra and background spectra is 
important. Examination of ectracted ion current profiles of appropriate ions can aid in the selection of 
spectra, and in qtalitative idratification of compounds, but each compound spectrum will contain extraneous 
ions contributed by the coeluting compound. 

14.4.6 For samples containing components not associated with the calibration standards, a library search may be 
made for the purpose of tenhtive identification. The necessity to perform this type of identification will be 
determined by the purpose o 'the analyses being conducted. Computer generated library search routines must 
no1 use normalization routint:~ that would misrepresent the library or unknown spectra when compared to 
each other. Only after visual comparison of sample spectra with the nearest library searches will the mass 
spectral interpretation specialist assign a tentative identification. Guidelines for making tentative 
identification are: 
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14.4.6.1 Relative intensities of major ions in the reference spectrum (ions >lo% of the most abundant ion) 
must be present in the sample spectrum. 

14.~4.6.2 ?'he relative intensities of the major ions must agree within +_ 20%. (Example: For an Ion with an 
abundance of 50% in the standard spectrum, the corresponding sample ion abundance must be 
between 30 and 70%). 

14.4.6.3 Molecular ions pre:;ent in the reference spectrum must be present in the sample spectrum. 

14.4.6.4 Ions present in the sample spectrum but not in the reference spectrum must be reviewed for 
possible background contamination or presence of coeluting compounds. 

14.4.6.5 Ions present in the reference spectrum but not in the sample spectrum must be reviewed for 
possible subtractio~l fiom the sample spectrum because of background contamination or coeluting 
peaks. Data system library reduction programs can sometimes create these discrepancies. 

14.5 Data Interpretation - Quantitative imalysis 

14.5.1 Once a compound has been identified, the quantitation of that compound must be based on the integrated 
abundance &om the ElCP of the primary characteristic ion. The internal standard used shall be the one 
nearest the retention time of'that of a given compound. 

14.5.2 If the RSD of a compound's response factors is 15% or less, then the concentration in the sample is 
de:termined using the averag.e response factor (RF) horn initial calibration data (13.2). See Method 8000, 
Sec. 7.0, for the equations describing internal standard calibration and either linear or non-linear 
calibrations. I 

14.5.3 Where applicable or requirc d, the concentration of any non-target compounds (TICS) identified in the 
sample are estimated. The same formulae must be used with the following modifications: The areas A, and 
A,, must be fiom the total icm chromatograms, and the RF for the compound must be assumed to be 1.  The 
resulting concentration must be reported indicating: (1) that the value is an estimate, and (2) which internal 

. standard was used to determine concentration. Use the nearest internal standard hee of interferences. 

14.6 Record the following information in the appropriate logbook or data file. Include any deviations fiom this 
procedure. Analyst initials, date of analysis, sample number or ID, initial sample volume or weight processed, 
calibration standard sample or soll~tion identifier, QC sample or solution identifier, surrogate solution identifier, 
internal standard solution identifier, any dilution information, readings hom support equipment, data file name, 
instrument method name, visual ol)servations, and any other information as deemed necessary. 

14.7 Troub1e:;hooting - The experience of the analyst performing GCMS analyses is invaluable to the success of the 
methods. Each day that the ana1y::is is performed, the daily calibration standard (CCV) must be evaluated to 
determine if the chromatographic system is operating properly. Questions that must be asked: Do the peaks look 
normal4? Is the response obtained 1:omparable to the response from previous calibrations'! Careful examination of 
the standard chromatogram can indicate whether the column is still good, the injector is leaking, the injector 
septum needs replacing, etc. I f  any major changes are made to the system (e.g. column changed or detector 
cleaned:), recalibration of the systc:m must take place. 

14.8 Routine Maintenance - Record all maintenance, including the problem encountered, steps taken to correct the 
problerr., and verification that the problem has been corrected (i.e. tune passed). 

14.8.1 Change the septum and or .he injection port liner as needed according to sample throughput. Trim a short 
ssction &om the analytical column as necessary. 
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14.8.2 Clean the source on an as needed basis (Loss of sensitivity) 

14.8.3 Inspect the Archon autosaml)ler, perfonn routine maintenance as necessary. Refill the standard reservoir of 
the autosampler with Intemzl Standards/Surrogate solution as needed according to sample throughput. 
Check Helium purge flow, clean the vial gripper, clean soil purge needle, and recalibrate as necessary. 

14.8.4 Check the camer gas suppl); replace as necessary, record camer gas change in the maintenance log book. 

15. DATA REDUCTIONS, CALCULATIONS, AND LOADING 

15.1 The data system performs the calc~~lat ion~.  

15.1.1 If the %RSD of a cornl~ound's relative response factor is 15% or less, then the concentration in the 
sample may be determined using the average response factor (RF) from the initial calibration data 
(13.2) and the followirtg equation. The equation is based upon all sample sizes equivalent to either 5 
rnl or 5 gram. 

Concentration (pg/L cr  @Kg) - A, * C i a  
A;, * RF 

where: 

A, = Area of the characteristic ion for the compound being measured 
C, = Concentration cf  the specific internal standard (50 pg/L for this method) 
A,= Area of the charjcteristic ion for the specific internal standard 
RF= average respons: factor for compound being measured 
D = Dilution factor il'dilutions are made 

If another sample wei&t is anaiyzed, adjust the concentration using the factor: Sg 1 initial weight g 

1 5 .  Alternatively, linear regression (Sec. 13.2) is used for determination of the sample concentration. 

15.2 If appropriate, recalculate the concentration of the compound in the sample using the equations in Secs. 15.2.1, 
15.2.2, and 15.2.3. 

15.2.1 The concentration of [he compound in the sample is reported as pg/L or  pg/Kg. If conversion to mg/L 
or mg/Kg is required, calculate as follows: 

Concentration (mg/L or mg/Kg) = Conc I D P ~ L  or pdKeJ * D 
1000 

15.2.2 For soil samples repcrted on dry weight basis, divide the concentration by the decimal equivalent of 
the Percent Solids. For example: a sample contains 90% solids, thus 

Concentration (pgX1: or mg/Kg) dry weight = Conc (udKc  or me/Kn) 
0.90 
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15.2.3 If an aliquot of a methanol extract was analyzed, calculate as follows: 

Concentration in sample (mg/Kg) = Conc (up!L readout) * 5 *Vex - 
W; ' v, 

V, - amount of methi~nol extract analyzed in ,ILL 
Vex - total extract vo ume of methanol in mL 
Wi - initial sample weight in g 

15.3 The proc~dure for uploading data into the LIMS system is detailed in SOP 1400 LIMS. 

16. METHOD PERFORMANCE 

16.1 Demonstration of Capability (DOC!) 

All parameters of interest must m e t  the method acceptance criteria before actual sample analysis begins. See 
SOP 1230 Training for the proced~ue to perform and document the DOC. The DOCS for the analysts performing 
this method are located in the ana1:~sts' training form folders located in the QA ofice files. 

A quality control (QC) reference c~ncentrate in methanol is required containing each compound at a concentration 
of 10 pg'L to 200 pgL. The QC r-ference sample used is the LCS solution (see Section 10.7). The QC reference 
sample is made using stock standards prepared independently fiom those used for calibration. This analysis is 
performc:d in quadruplicate. For e ~ c h  analyte calculate the mean recovery (X), standard deviation (s) and average 
94 Recovery (%R). Wa:er and soil recovery must be between 70 to 130%. 

Continuing Den~onstration of Cirpability will be documented with the use of PT sample results and four 
consecutive Laboratory Control Samples (LCS). This must be documented annually. 

16.2 Comparison to Reference Method Data 

EPA Method 8000B provides guitlance for the establishment of control limits for the LCS and MS QC samples. 
Recovery limit. of 70% to 130% sre provided as initial benchmarks for performance (8000B Section 8.5.4). 
These lunits are designed for a wide variety of organic test methods. Individual compound performance may vary. 

16.3 In-Houa: Control Limits 

Method performance data is on file in the laboratory QC department. Comparison of method performance data for 
the label-atory to the reference me hod criteria occurs when laboratory in-house acceptance limits are generated. 
In-house generated data is compared to the specifications of the reference method. If the in-house limits are within 
the specifications of the reference method, the control limits are updated in LIMS. If the in-house limits are not 
within specifications, an investigation is performed to determine the cause(s) of the problem and a corrective 
action i s  completed. The analysis may continue until enough data points are collected to regenerate new control 
limits. Any QC data generated outside of reference method limits during that time frame is flagged. 

The laboratory maintains performmce records to document the quality of data that is generated. Method accuracy 
for samples is assessed and recorcs maintained. After the analysis of at least 20 laboratory control samples and 
surrogates, calculate the average percent recovery (R) and the standard deviation of the percent recovery (S). 
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Control limits for method parameters are generated by the QC staff generates the method parameters and 
distributed to the analysts via updaies to the LIMS control charts. The control limits are calculated based on in- 
house performance data. At a minimum, these limits are reviewed annually. 

17. POLLUTION PREVENTION 

The preparation ofexcessive volumes of laboratory reagents and standards shall be avoided so that waste and potential 
for pollution arc minimized. Samples, reiigents and standards shall be disposed in compliance with the lab waste disposal 
program, SOP 1 130. With the consent of the client, the samples may be returned to their origin for treatment. 

Uncontaminatetl paper waste, glass and c;lns should be separated for recycling. Laboratory staff are required to protect 
the laboratory's and our clients' business information when disposing of recycled paper or waste from the facility. 

18. DATA ASSESSMENT AND CRITERIA FOR QUALITY CONTROL MEASURES 

Data assessment includes review of: proper sample condition, preservation, and storage; analysis within holding time 
limitations; deviations bom the SOP, evaluation of performance based or in-house control limits, reference method limits 
or project specific limits. 

The laboratory must maintain records to document the quality ofdata that is generated. Ongoing data quality checks are 
compared with established performance criteria to determine if the results of analyses meet the performance 
characteristics of the method. When resu ts of sample spikes indicate atypical method performance, a calibration 
verification standard is used to confirm the measurements were performed in an in-control mode of operation. The data 
review is condt~cted according to SOP 1 Z.50 Data Review. 

18.1 Blanks 

The methocl blank must contain less than reporting level for all target compounds. If the blank exceeds these limits, 
the source of contamination must be ~nvestigated and corrective actions taken. Re-analyze the method blank. If after 
re-analysis, the blank criteria is still exceeded, stop the analysis prior to sample analyses and correct the problem. 
Consult with the department managel for guidance. Refer to a client specific QAPP for additional guidance, if 
applicable. 

If samples were analyzed with a contlminated method blank during unattended automated analysis, affected samples 
must be reanalyzed or data must be appropriately qualified if: 

1) Thc concentration of  a target:d compound in the blank is at or above the reporting limit as established by the 
SOP or by regulation, is greater than 1/10 of the amount measured in any sample. 

2) The blank contamination othzrwise affects the sample results as per the test method requirements or the 
individual project data qualily objectives. 
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18.2 Laboratory Control Samples w 7 S )  

The results of the individual batch LCS are calculated in percent recovery (%R) and compared to established 
acceptance criteria. Current accqtance criteria used are 70 - 130% (SW-846 8000B Section 8.5.4) and 50-1 50% 
for watel- soluble compounds, unti. in-house LCS limits for both soils and waters are developed. If LCS Duplicate 
(LCSD) is performed, recovery liriits must be met and the Relative Percent Difference (RPD) see the STAT 
QAM, Section 5.4 for the calculat-on for RPD, must be less than 20%. If the LCS is outside the acceptance 
criteria the analytical system is "out of control". Any affected samples associated with an out of control LCS must 
be reprocessed and reanalyzed or  he results reported with appropriate data qualifiers. If after re-analysis the 
control criteria has not been met, the entire analysis batch must be re-analyzed. Always refer to a client specific 
QAPP fi~r additional guidance. 

18.3 Surrogates 

18.3.1 The results O F  the individual Surrogate compounds are calculated in percent recovery (%R) and are 
compared to established ac1:eptance criteria derived fiom in house generated control limits, see 
Attachment 3. Water Surrogate Recovery Limits are per Method 8260B. Soil Surrogate Recovery Limits 
are based on in house contr~l  limits due to the high clay content of Northeastern Illinois soils. Surrogates 
outside the acceptance criteria must be re-analyzed to determine matrix effect. Separate Soil Surrogate 
Recovery Limits are geneoted for samples preserved with sodium bisulfate as this acid has a destructive 
matrix effect (excessive CCn2 generation, reduction of metals to the elemental state, carbon dilsulfide and 
sulfur dioxlde generation) L sing this preservative. 

If surrogate recoveries are not within the established acceptance criteria, proceed as follows (SW-846 8000B): 

1) Check to be sure that there are no errors in the calculations, surrogate solutions or internal standards. If 
eiTors are found, recalculat~: the data accordingly. Examine chromatograms for interfering peaks and 
ir.tegrated peak areas. 

2) Check instrument performance. If an instrument performance problem is identified, correct the problem and 
re-analyze the sample. 

3) Same samples may require dilution in order to bring one or more target compounds within the calibration 
range or to overcome signijicant interferences with some compounds. This may result in the dilution of the 
surrogate responses to the point that the recoveries cannot be measured. If the surrogate recoveries are 
available fiom a less dilute11 or undiluted aliquot of the sample, those recoveries may be used to 
demonstrate that the surrogates were within the QC limits, and no hrther action is required. However, the 
rc:sults of both the diluted and undiluted (or less-diluted) analyses should be provided to the data user. 

4) Ifno instrument problem is found and if sufficient sample is available, the sample should be re-analyzed. 

18.3.2 11; upon re-analysis (in eithx 2 or 4 above), the recovery is again not within limits, generate a Quality 
Exception Report (QER) a:. referenced in SOP 230 Corrective Action. If the recovery is within the limits 
in the re-analysis, provide the re-analysis data to the data user. If the holding time for the method has 
expired prior to the re-anal:jsis, provide both the original and reanalysis results to the data user, and note the 
hdding time problem. 

18.4 Duplicates 

The resulrs from laboratory D~plicates are designed to asssss the precision of analytical rcsults in a glven 

matrix and are expressed as relative percent difference (RPD). See the STAT QAM, Section 5.4 for the 
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calculation for RPD. Results :re compared to established acceptance criteria as listed in the MSIMSD 
Attac:hment 4. For duplicates xsults outside established criteria corrective action must be documented or the 
data reported with appropriate data qualifyLng codes. 

For this test method, the ana1y::is of the MSMSD pair is used For delemination of method precision. 
Duplicate LCS samples will bt analyzed for all matrices where it would be impractical to perform a MS!MSD, 
such as wipe samples. Precision data from 18.2 will be used for RPD acceptance criteria for LCS/LCSD. 

18.5 Matrix Spikes 

18.5.1 The results born MSMSD are primarily designed to assess the precision and accuracy of analytical results 
in a given matrix and are expressed as percent recovery (%R) and relative percent difference (RPD). See 
the STAT QAM, Section 5.4 for the calculation for RPD. Sixteen compounds are listed in Attachment 4 for 
in house generated recovery and RPD control limits. Results are compared to established acceptance 
criteria derived fiom in house generated control limits. Note: SW846 Method 8000B mandates that RPD's 
bt: calculated based on conc:entration rather than % recovery. VOC soils have widely varied samples 
weights due to Encore1503 5 preservations. This will lead to very broad RPD control limits. For matrix 
spike results outside established criteria corrective action must be documented or the data reported with 
appropriate data qualifying codes. 

18.6 Interr~al Standards 

The results of the individual 1ntt:rnal Standard compounds on all samples, blanks, and spikes are calculated in 
percent recovery (%R) and are compared to established acceptance criteria. If the Internal Standard recovery is 
outsid: the acceptance critena, !Lee Table 7, corrective action may be taken. Note: the recovery of internal 
standards in these samples within the stated limits is not mandatory per the reference method, 8260B. It can be 
a usefill diagnostic tool. Client qecific project criteria may require the adherence to these limits. If so, then 
corrective action must be docunlented or the data reported with appropriate data qualifying codes. 

Table 7 Internal Standards 

. 

18.6 Other 

INTERNAI, STD COMPOUND 

Pentafluorolxnzene 

The laboratory will analyze standard reference materials andlor participate in relevant performance evaluation 
studies cluarterly. 

CRlTERLA (%) 
-50 to +200 
-50 to +200 

19 CORRECTIVE ACTIONS F01t OUT-OF-CONTROL DATA 

The process for handling unacceptable a ld out of control data is found in SOP 230 Corrective Action. 

If the CCV, MB, LCSILCSD, MSIMSI), lab duplicate, surrogate, or internal standard recovery of any parameter falls 
outside the designated acceptance rangt:, the laboratory performance for that parameter i s  judged to be out of control, 
and the problein must be immediately itfentified and corrected. 'The analytical result for that parameter in the samples is 
suspect and is only reported for regulatlxy compliance purposes with the appropriate corrective action form. Immediate 
corrective action includes reanalyzing sll affected samples by using any retained sample before the expiration of the 
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holding time. Final data results must be qualified in the client report for reported results not meeting the laboratory 
defined cri teri;~. 

1) Review standards preparation logbocks. Check all calculations and ensure dilution factors are properly recorded. 

2) Re-prepare the suspected standard 3r QC sample to identify possible preparation errors of the standard or QC 
sample. 

3) Re-Analyzc the samples when the CC:V or LCS are not within acceptable limits 

4) Perform rcutine preventative maintenance following manufacturer's specification. Record all maintenance in the 
instrument logbook. 

20 CONT1NGE:NCIES FOR HANDLING OUT-OF-CONTROL OR UNACCEPTABLE DATA 

Every effort is made to prevent problems from occurring. When out of control or unacceptable data occurs the first 
option is to iderlt~fy the problem and reanalyze the samples within the holding times. When this is not possible, the QA 
Manager and/or the Laboratory Director reviews data and discusses options with the client. Reanalysis or reporting the 
data with qualification are alternatives. Cht of control or unacceptable data reported to the client must include the data 
qualifier, flag and discussion on the rationale for reporting. 

Holding time exceedence, improper presc:rvation and improper sample condition or storage are noted on the corrective 
action form anc. included on the final repllrt. 

Review the CCV standard response, LCS result, surrogate recovery, and internal standard recovery for acceptable 
performance for each batch of samples. Record any trends or unusual performance on a corrective action form. Final 
data results must be qualified in the clien: report for results not meeting the laboratory defined criteria. 

Manual integration must be minimized fcr standards, reagent blanks and surrogates. Routine manual integration of the 
same parameters indicates a system perfcrmatice problem. Correct this problem or note in the instrument analysis 
logbook the suspected causes for routine manual integration. Sign and date all manually integrated chromatograms. 

20.1 The process for handling unaccep~able and out of control data is found in the Laboratory QAM Section 1 1. The 
reporting of data that is out of control must be approved and documented by Quality Assurance Manager and 
either th.2 Technical Manager or the Laboratory Director. 

20.2 Client Requested Modifications: 

20.2.1 Clients must request modifications from the laboratory SOP in writing to the lab. 

20.2.2 The lab director, technical nanager and quality assurance manager will evaluate the requested client 
deviations, determine the feasibly of the deviation and the potential effects on the data. 

20.2.3 If it is determined that the lab will perform the requested deviations, lab director, technical manager and 
quality assurance manager will decide if a method validation study is required. 

20.2.4 The designated project malager will retain all documentation concerning the requested deviation, including 
all correspondence with tht! client, in the client folder. 

20.2.5 The final analytical report must include the statement "This report has analysesperformed using client 
rzquested modifications ". 
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21 WASTE MA.NAGEMENT 

The STAT Analysis Corporation Waste tlisposal SOP 1130 identifies proper waste management practices for the 
chemicals and biological materials used ill  this procedure. Samples are stored and discarded accordance with SOP 1 130 
Waste Disposal 

22 REFERENCES 

Method 8260B, Revision 2; Method 50308, Revision 2; Method 5035 Revision 0, U.S. EPA SW-846 "Test 
Methods for Evaluating Solid haste, Physical/Chemical Methods" Update 111, December 1996 
STAT SOPS: 12 10 [support equ pment, recordkeeping, MDLs, etc] 
SOP 230 Corrective Actions 
SOP 1 0 10 Standard and Reagent Preparation 
SOP 1400 LIMS 
SOP 1 130 Waste Disposal 
SOP 003 Chemical Hygiene Plan 
SOP 1 250 Data Review 
Manulacturers' Equipment Instruction Manuals 
SOP 1255 Manual Integration 
SW-846 8000B Determinative (:hromatographic Separations 
SOP 1230 Training 
"USEI'A Contract Laboratory Program Statement of Work for Organic Analysis" Revision OLM04.2 May 
1999, U. S. Environmental Prot:ction Agency. Ofice of Solid Waste, Washington DC 20460. 
Nl ST Library of Reference Spel:tra, 1998 
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23 FORMS, FIGURES, TABLES, IbIAGRAMS, FLOWCHARTS, ATTACHMENTS OR 
VALIDATION DATA .,,!a,. 

Attachment I 
MDLs and REPORTING LIMITS FOR VOLATILE COMPOUNDS 

74-87-3 Chloromethane 
106-99-0 1,3-Butadiene 
74-83-9 Brornomethane , 

75-00-3 Chloroethane 
75-69-4 Trichlorofluoromethan~ 
67-63-0 Isopropyl alcohol - 
67-64- 1 Acetone 
60297 Ethyl ether 

76-1 3-1 Freon-TF 
107925 Acrolein 
75-35-4 I , I  -Dichloroethene 
75-1 5-0 Carbon Disulfide 
75-09-2 Methylene Chloride 
107 13 1 Acrylonitrile 

75-34-3 I ,I -Dichloroethane 
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Attachment 1 
MDLs and REPORTING LIMITS FOR VOLATILE COMPOUNDS 

CASN Compound name 

108- 10- 1 4-Methyl-2-Pentanone 
10061-0 1-5 cis-1,3-Dichloropropen 

10061 -02-6 trans- l,3-Dichloropropsne 
79-00-5 1 ,I ,2-Tnchloroethane 

142-28-9 1,3-Dichloropropane 

.-. 108-90-7 Chlorobenzene 
100-4 1-4 Ethylbenzene 
108-38-3 m&p-Xylene 
95-47-6 o-Xylene 
100-42-5 Styrene 
75-25-2 Bromoform 
108-94- 1 Cyclohexanone - .  - 

108-86- 1 Bromobenzene 

106-43-4 4-Chlorotoluene 
6 11-14-3 I-Ethyl-2-methylbeg:ne 
98-06-6 -- - tert-Butylbenzene 

135-98-8 sec-Butylb 
98-82-8- p-Isopropyltoluene 

104-5 1-8 n-Butylbenzene -- 
95-50-1- 1,2-Dichlorobenzene 
96-1 2 - 8  1,2-Dibro 
87-6 1-6 1,2,3-Trichlorobenze~ 
120-82- 1 1,2,4-Trichlorobenze~ 
87-68-3 Hexachlo 
9 1-20-3 Naphthalene 
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Attachment 2 
CHARACTER1;STIC IONS FOR VOLATILE COMPOUNDS 

)ichlorodifluoromethane 

I, 1 -Dichloropropene 
Zarbon Tetrachloride 
1,2-Dichloroethane 

Dibromomethane 
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Attachment 2 
CHARACTERISTIC IONS FOR VOLATILE COMPOUNDS 

Retention Time Compoun~ Is Primary Ion Secondary Ion(s) 
(rnin.) 

1,2-Dibromoethane -_ 8.08 107 109, 188 
:!-Hexanone - 7.81 43 58, 100 
1,3-Dichloropropane -- 7.68 76 7 8 
I ,  1,1,2-Tetrachloroetha~ 8.84 131 133, 119 
retrachloroethene 7 63 164 129,131, 166 

7 95 129 127 
8.88 9 1 106 
9.04 106 9 1 
9.56 106 91 

- 9.59 104 7 8 
9.8.1 173 175,254 

- 8.72 112 77, 114 
10.07 105 120 
10.5 8 3 
10.17 55 

- 10.90 75 
11-Propyl benzene - 10.64 9 1 120 
13romobenzene 10.44 156 77, 158 
1,3,5-Trimethylbenzene -- 10 9 105 120 
!-Chlorotoluene - 10.73 91 126 
~IChlorotoluene 10.83 91 
I -Ethyl-2-methylbenzene 11 17 105 

69 _rert-Butylbenzene - 11.34 119 
70 1,2,4-~nmdh~lbenzene --- 11.41 105 
71 :iec-Butylbenzene 1 1.65 105 

,2-Isopropyl Toluene 11.87 119 91, 134 
1,3-Dichlorobenzene 1 1.77 146 111, 148 

1 

1,4-Dichlorobenzene 11.9 146 111,148 
n-Butylbenzene - 12.46 91 92, 134 

) 76 1,2-Dichlorobenzene - 
77 1,2-Dibromo-3-chloropro 
78 1,2,3-Trichlorobenzene 
79 1,2,4-Trichlorobenzene 
80 Hexachlorobutadiene 
8 1 Naphthalene - 

Internal Standards: 
82 Pentafluorobenzene 
83 1,4-Difluorobenzene 
84 ChlorobenzenedS 
85 1,4-Dichlorobenzene-d4 

Surrogates: 
86 Dibromofluoromethane 
87 1,2-Dichloroethane-d4 
88 Toluene-d8 - 

89 Brornoflurobenzene -- 
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Attachment 3 
SURROGATES RECOVERY LIMITS FOR VOC COMPOUNDS 

1 Surrogate Water% Recovery 
1 - 8 0 -  120 

Toluene-d8 - 85 - 110 88 - 110 
4-Bromofluorobenzenc 6 3 - 1 1 0  8 6 -  115 
Dibromofluoromethane 8 3 - 1 1 9  8 6 -  118 

NaHSO, Preserved 1 
1.2-Dichloroethane-d.1 I 78 - 160. 

t 4-Bromofluorobenzene I 4 4 -  114 
Dibromofluoromethane I 74 - 150 
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Attachment 4 
MS/MSD RECOVERY LIMITS FOR VOC COMPOUNDS 

~- r- Compound 

-- W A 

1 ; I -Dichloroethene - 50 15 64 - 140 
Methylene Chloride 5 0 1 1  71 - 134 

trans-] ,2-Dicbloroether~e 5 0 12 76-  130 
1, I-Dichloroethane - 10 p- 71 - 128 

cis-1,2-Dichloroethenc: 8 71 - 133 - 
Chloroform -- 50 9 74 - 127 

-- - 

I 1,1,1 -Trichloroethane 
Carbon tetrachloride -- 

Benzene 78 - 123 
~ n c h l o r o e t h e n e  50 11 ] 74 - 124 

cis-l,3-Dichloroproper e - 50 10 77 - 129 
Toluene 50 10 80 - 123 

-rap ne 50 9 
Tetrachloroethene 50 - 8 

73 - 14: 
80 - 120 

Chlorobenzene -- 50 -- 8 88-  115 

-- Ethylbenzene -. . - 50 10 83 - 119 

Compound 

Methylene Cllonde - 
trans- 53 61 - 134 

L MATRLX SPIKE-SOIL 1 1 

I ,  I -Dichloroethane ! 50 1 54 ( 60 - 123 
cis- l,2-Dichloroethenz 50 1 55 1 55 - 129 1 

- 

I 

Chloroform 
1,1,1 -Trichloroethant:- 
Carbon tetrachloride 59 - 131 

Benzene 56. - 129 
Trichloroethes 1 5 0 -  5 8 31 - 135 

trans- l,3-Dich1oropropc:ne 45 - 133 
Tetrachloroethene 39 - 132 

Chlorobenzene 50 64 35 - 121 
Ethylbenzene 50 59 41 - 130 -- 
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Attachment 5 
Volatile Internal Standards with Corresponding Compounds Assigned for Quantitation 

1 Pentafluorobenzene ,I) [ I ,4-Difluorobenzene (I) I Chlorobenzene-d5 (I) / 1,4-Dichlorobenzene-d4 (I) 1 . . . . 

Dichlorodifluoromethanc: 1.2-Dich1oroethar:e-d4 (S) trans- l,3-Dichloropropene 1,2,3-Tnchloropropane 
Chloromethane (SPCC) 2-Hexanone n-Propylbenzene 
Vinyl CNoride (CCC) Carbon Tetrachloride 1 , I  ,2-Trichloroethane Bromobenzene 

1,2-Dichloroethar~e 1,3-Dichloropropane 13,s-Trimethylbenzene 
I , I ,  1 -TricNoroed~ane TetracNoroethene 2-Chlorotoluene 

Chloroethane I. l -Dichloro~roo:ne ~ibrornochloromethane 4-Chlorololuene 

Chlorobenzene (SPCC) tert-Butylbenzene 
Ethylbenzene (CCC) _ 1,2,4-Trimethylbenzene 

(CCC) 1 , I  ,1,2-Tetrachloroethane sec-Butylbenzene 
1,4-Dioxane m&p-Xylene p-Isopropyl Toluene 

Freon-TF o-Xylene 1,3-Dichlorobenzene 
Styrene 13-Dichlorobenzene 
Isopropyl benzene n-Butylbenzene 
Cyclohexanone 1,2-Dichlorobenzene 
Bromoform (SPCC) 1,2-Dibromo-3-hloropropane 
1 ,I ,2,2-Tetrachloroethane (SPCC) 1,2,4-Trichlorobenzene 
Bromofluorobenzene (S) Hexachlorobutadiene 

Naphthalene 
1,2,3-Tr~chlorobenzenene 

-. -- 

Bromochloromethane 

(1) = Internal Standard 
(S) = Surrogate 
(CCC) = Calibration Check Compounds 
(SPCC) = System Performance Check Comp~unds 
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1.0 LDENTIFICATION OF TEST METHOD 

SOP Title: SerniVolatile Organic Compounds by Gas Chromatographyhlass Spectrometry (GCMS) is 
abbreviated as SVOC in laboratory records. 

2.0 APPLICABLE MATRICES 

Methylene chloride and organic solvent extracts from soil, sediment, ground and surface water, and 
mobility extracts are analyzed using this method. 

3.0 DETECTION LIMITS 

The lab follows the procedure found in 40CFR Part 136B to determine the MDL for each matrix type on 
an annual basis. See the STAT Analysis SOP 1210 for the MDL procedure, frequency and acceptance 
criteria. The MDLs measured by the lab and all supporting documentation are in the laboratory QA files 
for review. 

The laboratory detehined MDL must always be less than the reporting limit (RL), which is determined by 
the lowest calibration standard. The RLs will usually range fiom three to ten times the laboratory 
measured MDLs but this relationshp may vary dependent on dilution of sample aliquots, matrix 
interferences, moisture adjustments (in solid samples), or method-specified requirements. Attachment 1 
contains the current MDLs and reporting limits (RLs) for t h s  SOP. 

4.0 SCOPE AND APPLICATION 

4.1 This standard operating procedure describes in detail the precise methods used at STAT Analysis 
Corporation for the analysis of environmental samples for SerniVolatile Organic, Compounds (SVOCs) by 
GC-MS. This SOP as written is to be applied when SW-846 Method 8270C is requested. This SOP is 
used to determine the concentration of (SVOC's) in extracts prepared £tom all types of solid waste 
matrices, soils, and ground water. 

4.2 SOP 4020 can be used to quantitate SVOCs that are soluble in methylene chloride and other organic 
solvents and are capable of being eluted without derivatization as sharp peaks fiom a gas chromatographic 
fused-silica capillary column coated with a slightly polar silicone. See Attachment 2 for a list of 
compounds and their characteristic ions that have been evaluated on the specified GCIMS system. 

4.3 The reporting limits (RLs) for this SOP are shown in Attachment 1 for soils and water. RLs will be 
proportionately higher for sample extracts and samples that require dilution or reduced sample size to avoid 
saturation of the detector. 
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4.4 This method is restricted to use by or under the supervision of analysts experienced in the use of a Gas 
ChromatographIMass Spectrometer (GCIMS) and slulled in the interpretation of mass spectra. Each 
analyst must demonstrate the ability to generate acceptable results with this method. 

5.0 SUMMARY OF TEST METHOD 

5.1 Prior to lsing this method, the samples must be prepared for the GC/MS using the appropriate sample 
preparation and cleanup SOPS (Section 14.1). Samples are extracted at neutral ptI with methylene 
chloride. Thls method describes chromatographic conditions that will allow for the separation of the 
compounds in the extract and for their qualitative and quantitative analysis by gas chromatography/mass 
spectrometry. identification of target analytes is accomplished by comparing component retention times to 
those of authentic standards and by comparing their mass spectra with the electron impact (or electron 
impact-like) spectra of authentic standards. Quantitation is accomplished by comparing the response of a 
major (quantitation) ion relative to an internal standard using a five-point calibration curve. 

5.2 Method Modifications from Reference - This SOP is based on EPA Method 8270C except that no 
polychlorinated biphenyls (PCBs), pesticides, organophosphate esters or quinolines are reported. PCBs 
and Pesticides are reported using STAT Analysis SOP 4050. Organophosphate esters and quinolines are 
not reported by the lab. The Mass Spectrometer Tuning criteria used in this SOP is referenced from the 
CLP Statement of Work (SOW) for Organic Analyses Revision OLM04.2 May 1999. This is an option in 
Method SW-846 8270C. 

6.0 DEFINITIONS 

The STAT Analysis Quality Manual Section 19.0 contains all the definitions of standard terms used in 
s o p s .  

7.0 INTERFERENCES 

7.1 Raw GC/MS data from all blanks, samples, and spikes must be evaluated for interferences. Determine if 
the source of interference is in the preparation andlor cleanup of the samples and take corrective action to 
eliminate the problem. 

7.2 Contamination by carryover can occur whenever high-concentration and low-concentration samples are 
sequentially analyzed. To reduce carryover, the sample syringe must be rinsed out between samples with 
solvent. Whenever an unusually concentrated sample is encountered, the sample after it must be 
reanalyzed to check for cross contamination. 
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8.0 SAFETY 

Methylene chloride is a suspected carcinogen as are numerous compounds analyzed by ths  method. 
Proper personal protective equipment including safety glasses, nitrile gloves and a lab coat are required 
during different parts of this method. other safety precautions must be conducted in accordance with the 
Chemical Hygiene Plan (STAT QA SOP 003). Other actions can also be applied if deemed necessary. A 
reference file of Material Safety Data Sheets (MSDS) is available to all personnel involved in thls method. 

9.0 EQUIPMENT AND SUPPLLES 
The following apparatus is.recommended for performing this procedure. Equivalent items can be used, if 
with their use, the analytical and QAIQC requirements in this SOP can be met. All catalog numbers in 
this SOP are current as of the effective date and thereafter subject to change. 

9.1 Gas Chromatograph/Mass Spectrometer system (GCIMS) 

9.1.1 Gas chromatograph(GC) - Agilent 6890 with electro~llc flow control gas chromatograph with the 
column drrectly coupled to the source. Equipped with an Agilent Autosampler Model 7683 

9.1.2 Column - 30 m x 0.25 mm ID (or 0.33mm ID) 0 . 5 ~  h thickness silicone-coated fused-silica 
capillary column (J&W Scientific HP-5MS). 

9.1.3 Mass spectrometer(MS) - Agilent 5973N. 

9.1.4 Data system - An Agilent Kayak computer system using 3365 Chemstation Version C.OO.O1 to 
interpret data is attached to the GC. 

9.1.5 NIST Library of Reference Spectra, Edition Number N1ST98 

9.2 Micro synnges - 10 pL, 25 pL, 100 pL, 250 pL, 500 pL and 1,000 pL. 

9.3 Volumetric flasks, Class A - 10 mL, 25 mL, 50 mL with ground glass stoppers. 

9.4 Glass vials - 2-mL, for GC auto sampler with Teflon-lined screw caps or crimp tops. 

9.5 Amber glass vials - 10 mL with Teflon-lined screw caps 

10.0 REAGENTS AND STANDARDS 
The following reagents and standards are required to perform this procedure. When instructions are given 
on how to prepare a specific volume of a reagent or standard, larger or smaller volumes can be prepared 
as needed so long as the final concentrations remain the same. Any other deviations from the reagents or 

SOP 4020 SVOC by GUMS SW-846 827OC 
Revision 03 

September, 03 
Page 5 of 38 

File: \\arrison\~QuaIity Control\Quality Manual & SOPA4000 Anaytical SOPs\SOP 4020 8270 SVOA\4020 8270C SVOC SOP rev03.doc 



Analysis Corporation: 

standards listed in this SOP could be detrimental to the quality of the data produced. Such deviations 
would have to be approved and documented (see SOP QA 230 Corrective Action). Equivalent items can 
be used, if with their use, the analytical and QAIQC requirements in this SOP can be met. 

Instructions for labeling and record keeping of reagents and standards are contained in SOP 1010 
Analytical Standards and Reagents Receipt and Preparation. 

10.1 Analytical reagent grade chemicals shall be used in all tests. Unless otherwise indicated, all reagents 
shall conform to the specifications of the Committee on Analytical Reagents of the Arnencan Chemical 
Society, where such specifications are available. 

10.2 Organic-free reagent water - All references to water in this SOP refers to Type I1 reagent water (in- 
house system). 

10.3 Stock Standard solutions - Standard solutions can be prepared fiom pure standard materials or purchased 
as certified solutions (e.g. SV standards). The routine laboratory practice is to purchase these standards 
from approved vendors. The standards used are: 8270 MegaMix (Restek Catalog # 31686), 605- 
Benzidines Standard (Restek Catalog # 31030), Custom 8270 Addition (Restek Catalog # 555680), 
BaselNeutral Surrogate Spike Mix (Restek Catalog # 31072) and Acids Surrogate Spike Mix (Restek 
Catalog # 31003). Stock standard solutions and QC solutions are stored at < -10°C and must be 
replaced after six months, or sooner if comparison with quality control check samples indicates a 
problem. Different storage conditions and expiration dates of other solutions are noted as warranted. 

10.3.1 Secondary Stock Standard Solution - This solution is made using the individual Stock Standard 
solutions. Using microliter syringes, the following amounts of each Stock Standard solution is 
injected into a 10 mL volumetric flask. The solution is brought to volume with methylene chloride. 
The frnal concentration of each component is listed in Table 1. Note: this Secondary Stock 
Standard solution is also used as the high-level calibration standard. It is also the source solution 
to prepare the calibration standards in Section 10.4. This standard is stored at < -10°C in a 10 
rnL amber screw cap vial equipped with a Teflon lined cap. It is fieshly prepared every six 
months, or sooner if check standards indicate a problem. 

Table 1 Secondary Stock Standard Solution 
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Stock Solution 

8270 Mega-mix 
605 Benzidines 
Custom 8270 Addition 
BIN Surr. 
Acid Surr. 

Conc. Stock 

(~glml) 
500- 1000 
2000 
2000 
5000 
1500 

Vol. Stock 

(W 
1600 
800 
800 
320 
1067 

Final Conc. 

(c~dml) 
1 60 
160 
160 
160 
160 
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10.4 Calibration standards - A minimum of five calibration standards are prepared. The low standard is the 
RL and above the MDL. The others define the working range of the GC/MS system. Calibration 
standards in current use: 5,  10, 20, 50, 80, 120 and 160 pg/ml. (Table 2). Using microliter syringes, the 
following amount of the Secondary Stock solution is injected into a 1 ml synnge. The solution is brought 
to volume with Methylene chloride. The fmal concentration of each component is listed in Table 2. Each 
solution is transferred to an autosampler vial. Each 1 mL aliquot of calibration standard must be sp~ked 
with 10 pL of the intemal standard solution (4000 pg/ml) prior to analysis. Storage is as indicated in 
10.1.4. The continuing calibration verification standards (CCV) are prepared weekly and stored at 4OC. 
Levels 2, 3 and 4 (20, 50, 80 pg/mL) are used for the CCVs. 

Table 2 Calibration Standards 

10.5 Surrogate standards - The surrogate standards phenol-&, 2-fluorophenol, 2,4,6-tribromophenol, 
nitrobenzene-ds, 2-fluorobiphenyl and pterphenyl-dl4 (1,2-dichlorobenzene-&, 2-chlorophenol-& are 
optional surrogate compounds). Surrogate stock solutions are purchased fiom Supelco (Cat. No. 47261 
and 47262, store at room temp until dilution is prepared). The spike solution is prepared by injecting 1000 
pL of the stock standard solution, concentration of 5000 pg/mL for BasehJeutrals and 10000 pgtmL for 
Acids, into a lOOmL volumetric flask. The flask is diluted to the mark with methanol for a final 
concentration of 50 pg/mL for BasehJeutral surrogates and 100 pdmL for Acid surrogates. All samples, 
blanks, LCSs, and MSMSDs are spiked with 1.0 mL of the surrogate spike solution prior to extraction. 
This standard is stored at < -lO°C in an amber glass vial with a Teflon lined screw cap. 

10.6 Internal standard solutions - The internal standards used are 1,4-dichlorobenzene-&, naphthalene-ds, 
acenaphthene-dlo, phenanthrene-dlo, chrysene-dl;?, and perylene-dl;?. The SV intemal standards 
containing the recommended compounds at 4000 pg/mL are purchased fi-om Supelco (cat. no. 47906). 
Just prior to analysis 10 pL of the solution (4000 pglml) is injected into each sample vial. Store at room 
temperature per manufacturer's instructions when not being used. The internal standards permit most of 
the compounds of interest in a chromatogram to have retention times of 0.80-1.20 relative to one of the 
internal standards. Use the base peak ion fiom the specific internal standard as the primary ion for 
quantitation (see Attachment 2, i.e. for 1,4-dichlorobenzene-&, use 152 d z  for quantitation). If 
interferences are noted, use the next most intense ion as the quantitation ion. 
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10.7 GCMS tuning standard - A methylene chloride solution containing 50 ngiw each of 
decafluorotriphenylphosphme (DFTPP), 4,4'-DDT, pentachlorophenol, and benzidine is used to tune the 
mass spectrometer, and to verify injection port inertness and GC column performance. The SV tuning 
standard is purchased from Supelco (Cat. No. 47387). Store at < -10°C when not being used. Inject 1 
p.L of this standard at the start of every 12 hours of operation. 

10.8 Laboratory Control Samplehlatrix Spike standards - The LCSImatrix spike compounds are phenol, 2- 
chlorophenol, 1,4-dichlorobenzene, N-nitrosodf n-propylamine, 1,2,4-trichlorobenzene, 4-chlor(~3- 
methylphenol, acenaphthene, 4nitropheno1, 2,4-dinitrotoluene, pentachlorophenol and pyrene. Samples 
will be sprked with acid compounds at I00 mgisample, 3330 mglkg for soil and 100 mgL for water and 
baseheutral compounds at 50 mgisample, 1670 mglkg for soil and 50 mgL for water (see SOP 3500 for 
LCSIMatrix Splke Solution preparation). This standard is stored at < - 10°C in an amber glass vial with a 
Teflon lined screw cap. 

10.9 Initial Calibration Verification Standard - A standard prepared from a different source at the midpoint of 
the calibration to verify the initial calibration. This solution concentration is 50 pg/mL The solution is made 
using the individual ICV Stock Standard solutions purchased fiom Supelco. Using microliter syringes, the 
following amounts of each Stock Standard solution is injected into a 10 mL volumetric flask. The solution 
is brought to volume with methylene chloride. The final concentration of each component is listed in 
Table la. This standard is stored at < -10°C. 

Table l a  ICV Secondary Stock Standard Solution 

10.8 Acetone, hexane, methylene chloride, isooctane, carbon disulfide, toluene and other appropriate solvents, 
pesticide quality or equivalent. 

10.9 Helium - UHP grade 
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11.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

1 1.1 Containers used to collect samples for the determination of semivolatile organic compounds are glass: 1 
Liter bottles for water samples and various size jars for soil samples. They are equipped with screw caps 
with Teflon liners. Water samples containing residual chlorine should be field treated to remove the 
chlorine prior to collection. Plastic containers or lids may NOT be used for the storage of samples due to 
the possibility of sample contamination Gom the phthalate esters and other hydrocarbons within the 
plastic. 

1 1.2 Samples must be stored under refrigeration at between 0.1 and 6.O"C. Extraction must be within 7 days 
fiom sampling date for water and 14 days for solids. Sample extracts are stored in the dark at between 
0.1 and 6.O"C and must be analyzed within 40 days of extraction. 

1 1.3 No chemical preservation is required for this method. 

11.4 All samples are stored away horn all standards, reagents, food, and other potentially contaminating 
sources in order to prevent cross contamination. 

12.0 QUALITY CONTROL 

The following details the QC requirements that apply to th~s  analysis. Each Quality Control Indicator 
(QCI) provides information pertaining to either method or individual sample performance. Our goal is to 
produce defensible data of known and documented quality. The results of these Quality Control Indicator 
(QCI) samples are used to assess the acceptability of data. 

12.1 Blanks 
Method Blank analysis is performed to &ermine if any contamination is present in the analytical 
process and is used to evaluate acceptance of the batch of samples. A method blank shall be prepared 
once per preparation batch of 20 or less samples per matrix type. If more than 20 samples are prepared 
a second blank shall be prepared after the twentieth sample. The method blank shall be processed 
through all preparatory steps used for the samples, including cleanup procedures. The blank shall be 
analyzed using the same instrument and conditions as the samples. 

The Solvent Blank, clean solvent injected into the GCMS, is used to monitor the GC/MS system for 
potential cross-contamination from one sample to another or for residual contamination in the system. 

12.2 Calibration Verification 
An Initial Calibration Verification (ICV) standard containing all of the target analytes reported in this 
method (refer to section 10.9) shall be analyzed immediately after the completion of the initial 
calibration. The ICV shall be purchased from a second source to verify analyte concentrations. 

12.3 Laboratory Control Sample (LCS) 
The LCS is used to evaluate the performance of the total analytical system, including all preparation and 
analysis steps. The LCS shall be prepared once per preparation batch of 20 or less samples per matrix 
type. If more than 20 samples are prepared a second LCS shall be prepared after the twentieth sample. 
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The LCS shall be processed through all preparatory steps used for the samples, including cleanup 
procedures. The LCS shall be analyzed using the same instrument and conditions as the samples. Refer 
to section 10.8 for LCS analytes and concentrations. 

12.4 Surrogates 
The surrogates used for this method are added to all samples, standards, and blanks. Refer to section 
10.5 for preparation and concentration instructions. 

12.5 Duplicates 
Duplicates of field samples or of the LCS must be prepared in compliance with the method requirements 
and client directives. Duplicate LCS's are prepared for sample wipes. It would be impractical to prepare 
a matrix spke and matrix spike duplicate. Reproducibility performance would be the same as for a 
matrix splkelmatrix spike duplicate. 

12.6 Matrix Spike and Matrix Spike Duplicate (MSIMSD) 
MSMSDs indicate the effect of the sample matrix on the precision and accuracy of the results 
generated using the selected method. This information does not determine the validity of the entire 
batch. MSMSDs must be analyzed at a minimum of 1 per 20 samples per matrix per preparation 
procedure, or one per preparation batch, or as specified by the required test method. For cases where 
the sample cannot be divided (e.g., wipes, air samples, not enough sample provided by customer) and 
thus a MSIMSD pair is cannot be prepared in the preparation batch, an LCSLCSD pair is prepared and 
analyzed to measure precision. Samples chosen for matrix s p i h g  are rotated among different clients 
andor different client projects. This is accomplished through communication between the Department 
Manager and the analyst. In addition, designated samples, as indicated by client request or contract 
requirement, are matrix spiked. The MS/MSD pair shall be processed through all preparatory steps 
used for the samples. They shall be analyzed using the same instrument and conditions as the samples. 
Refer to section 10.8 for MS analytes and concentrations. Some clients may require different spiking 
levels andor target analytes, these specific needs are documented on the request for analysis forms. 

12.7 Internal Standards 
The internal standards used for this method are added to all samples, standards, and blanks. Refer to 

section 10.6 for preparation and concentration instructions. 

13.0 CALIBRATION AND STANDARDIZATION 

13.1 Mass Spectrometer Tuning 

Each GCMS system must be software-tuned to meet the criteria in Table 3 for a 50 ng injection of 
DFTPP. Analyses must not begin until all these criteria are met. Tuning criteria used in this SOP is 
referenced fiom the CLP Statement of Work (SOW) for Organic Analyses Revision OLM04.2 May 
1999. 

Using the ChemStation software to tune the GCMS perform the following steps: 
Set oven temperature to 250 "C (the elution temperature for DFTPP) 
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On the Instrument Control Panel click on View/Manual Tune.. . 
On the Manual Tune Panel click on FileILoad Tune Values/ and select DFTPP.u 
On the Manual Tune Panel click on TuneIDFTPP Tune 
The software automatically adjusts the tunc parameters using PFTBA to meet the criteria in Table 3. 
After the software has completed the tune click on FileISave Tune Values/ and select DFTPP.u and 
save the new parameters. 
Click on Viewllnstrument Control to start analyzing standards and samples. 

Table 3 Acceptance Criteria for DFTPP 

Using the autosampler, inject 1 pL of DFTPP tuning standard solution on to the column. Analyze the 
solution using the DFTPP method which accelerates the elution of the compounds of interest. 

Background subtraction must be straightforward and designed only to eliminate column bleed or 
instrument background ions. Obtain a background-corrected mass spectrum of DFTPP and confirm 
that all the key rnlz criteria in Table 3 are achieved. Three scans (the peak apex scan and the scans 
immediately preceding and following the apex) are acquired and averaged. Background subtraction is 
required, and must be accomplished using a single scan no more than 20 scans prior to the elution of 
DFTPP. Do not background subtract part of the DFTPP peak. Option: a single scan with 
background subtraction can also be used to evaluate the DFTPP specbum. Note: the tuning file used 
to obtain and evaluate the DFTPP criteria must also be used to obtain and evaluate the sample data. 
If the criteria are not passed, the analyst must perform needed maintenance, retune the mass 
spectrometer and repeat the test until all criteria are achieved. 

The GCIMS tuning standard must also be used to assess GC column performance and injection port 
inertness. Degradation of DDT to DDE and DDD must not exceed 20%. The following formula is 
used to calculate the percent breakdown: 
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% breakdown of DDT = sum of denadation peak areas (DDE + DDD) * 100 % 
sum of all peak areas (DDT + DDE + DDD) 

Benzidine and pentachlorophenol must be present at their normal responses, and no peak tailing must 
be visible. If degradation is excessive and/or poor chromatography is noted, the injection port may 
require cleaning. It may also be necessary to cut off an additional 10 to 20 cm of the capillary 
column. 

To generate a custom report that calculates the % breakdown of DDT perform the following steps. 
Within the Data Review software click on QuantIQEdit Quant Result. Verify that all of the target 
peaks are correctly identified. Exit QEdit and click on CustRptRrint Report. To review the report 
before printing click on CustRpt/Custom Reports.. .I Select Edit Template DFTPP.CRT/OK. The 
report can be printed by clicking on the printer button or cliclung on File/Print/OK. 

Note: the 12 hour tune period begins at the start of the DFTPP analysis which is recorded as the data 
acquisition start time on the data file. The last valid calibration standard in the ICAL must have a 
data acquisition start time less than 12 hours fiom the start of the tune period. 

13.2 Initial Calibration (ICAL) 

13.2.1 Analyze 1 pL of each calibration standard and tabulate the area of the analyte against 
concentration for each compound. Calculate response factors (RFs) for each compound in each 
calibration standard as follows: 

13.2.2 

RF = Ax - * Cis - 
Ais * Cx 

where: 
AX = Area of the characteristic ion for the compound being measured. 
A;, = Area of the characteristic ion for the specific internal standard. 

C;, = Concentration of the specific internal standard (40 ng/pL for this method) 

cx = Concentration of the compound being measured (ng/pL = pg/rnL = mg/L). 

13.2.3 Calculate the average response factor (RF) for each compound as follows: 

where: RF = RF for each of the calibration levels (i.e., 5) 
n = Number of RF values (i.e., 5) 

13.2.3 A system performance check must be performed to ensure that minimum average RFs are met 
before the calibration curve is used. For semivolatiles the System Performance Check 
Compounds (SPCCs) are: N-Nitroso-dkn-propylarnine, Hexachlorocyclopentadiene, 2,4- 
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Dinitrophenol, and 4Nitrophenol. The minimum acceptable average RF for these compounds is 
0.050. If it is determined that one calibration level has an unacceptable response, that level may 
be reanalyzed once. If the minimum average RF is still not met, corrective action must be taken 
and the calibration sequence repeated. If any major changes are made to the system (e.g. column 
changed or detector cleaned), recalibration of the system must take place. 

13.2.4 Calibration Check Compound (CCC) responses are monitored to check the integrity of the 
system. The CCCs are as follows: 

Baseweutral Fraction 
1 $Dichlorobenzene 
Hexachlorobutadiene 
Acenaphthene 
N -Nitrosodiphenylamine 
Fluoranthene 
Di-n-octyl phthalate 
Benzo(a)pyrene 

Acid Fraction 
Phenol 
2-Nitrophenol 
2,4-Dichlorophenol 
4-Chlorc~3-methylphenol 
2,4,6-Trichlorophenol 
Pentachlorophenol 

Using the RFs fiom the initial calibration, calculate the percent relative standard deviation 
(%RSD) for the Calibration Check Compounds (CCC). 

To calculate %RSD: %RSD = 100% x SD/RF 

where: 

%RSD = % Relative Standard Deviation 

- 
RF = average of initial RFs for a compound 
SD = standard deviation (n-1) of average RFs for a compound 

To calculate Standard Deviation (n-1 degrees of freedom) 

where: RFi = RF for each of the 5 calibration levels 
n = Number of RF values (i.e., 5) 

13.2.5 If the %RSD of any CCC compound is > 30%, then the chromatographic system is too reactive 
for analysis to begin. Clean or replace the injector andlor capillary column, then repeat the 
calibration procedure beginning with section 13.2.1. 
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13.2.6 Linearity - If the %RSD of any compound is 15% or less, then the relative response factor is 
assumed to be constant over the calibration range, and the average relative response factor is 
used for quantitation. If the %RSD is greater than 15%, first order linear regression is used. The 
calibration curve must meet the requirements for curve fitting listed in SW-846 8000B and the 
correlation coefficient is = 0.99. The equation is not forced through the origin. 

13.2.7 Retention Times: The Relative Retention Times (RKT) of each compound in each calibration 
standard should be withm * 0.06 RT units. 

13.2.8 Before sample analysis can begin, a Initial Calibration Verification (ICV) (see Sec. 10.9) must be 
performed. The ICV results must be within the acceptance criteria as established for the CCV 
compounds (Section 13.3). Other components should be recovered within 70 to 130% of the true 
value. Note: Benzidine is one exception: Recovery of > 50% is acceptable for this compound. 

NOTE: 
1. All calibration curves must have a unique identifier. It is recornmendcd that the calibration 

date be incorporated into the identifier for easy reference. 
2. All initial calibration standards must be analyzed w i t h  the 12 hour DFTPP tune window. 
3. Calibration must be completed (all standard levels analyzed) within 24 hours or the entire 

calibration sequence must be repeated. If the calibration was not completed in the first tune 
window it may continue into a second tune window. Standard calibration levels fiom either 
tune window can be used. An exception follows: If DFTPP criteria does not pass criteria for 
the second tune window and major maintenance was done to the instrument or the Mass 
Spectrometer tuning parameters were adjusted in order to obtain an acceptable tune for 
DFTPP, the entire calibration sequence must be repeated. 

4. All initial calibration standards must be analyzed as a group. No field samplc analyses are 
allowed during the calibration sequence. 

5. Do not add calibration standards and update the curve after the original calibration date. 
6. Multiple analyses of the same calibration level are not allowed to be included in the calibration 

curve. 
7. Compound responses cannot be selected from different analyses of the same calibration level 

(i.e. all compound responses for level 1 must come fiom the same data file). 
8. If more than five calibration levels are analyzed, it is pemssible to either drop the low 

compound concentration boor response) or the high compound concentration (detector 
saturation). It is not allowed to drop a point in the middle of the curve. 

9. If more than five calibration levels are analyzed, it is permissible to drop an entire level if the 
analyst can document a specific reason or reasons why that level should be excluded. 
Mechanical failure, significant loss of all analyte responses possibly due to poor technique in 
standard preparation, or software malfunction during data acquisition (system did not acquire 
all compound data) are plausible reasons. The reason must be justified and documented. The 
supervisor should review this situation and approve the analyst's decision. 

10. The need to analyze more than two analyses of the same calibration level indicates a potential 
problem with the secondary stock solution. Prepare a fresh secondary stock solution and 

SOP 4020 SVOC by GCiMS SW-846 827K 
Revision 03 

September, 03 
Page 14 of 38 

File: \Wanison\\6Quality ControhQuality Manual & SOPs\4000 Anaytical SOPs\SOP 4020 8270 SVOA\4020 8270C SVOC SOP rev03.doc 



Analysis Corporation: 

repeat all seven calibration levels. It is recommended that all calibration standard levels come 
from the same secondary stock solution. 

11. Manual integration must only be used if the software fails to properly integrate the peak. If 
manual integration is used for a particular compound, all levels of that compound do not have 
to be manually integrated, but all levels must be integrated in a similar manner. Example: the 
computer generated integration of a compound in the low level standard is not technically 
sound. A manual integration of the compound is performed (due to baseline noise, etc) in 
order to achieve a technically sound integration. Other levels of the compound are integrated 
correctly by the computer. The manual integration of the low level must match, as best as 
possible, the computer generated integrations for all other levels. 

12. If any compound in the mid-point level is manually integrated, the integration of this cornpound 
must be reviewed for every continuing calibration standard and QC check solution (i.e. LCS, 
and Matrix Splke) to ensure that the integration is the same as the manual integration 
performed in the initial calibration (ICAL) mid-point. A consistent manner of integration must 
be achieved. 

13. All manual integrations must be reviewed and approved at the supervisory level. 

13.3 Continuing Calibration Verification (CCV) 

13.3.1 The mass spectrometer must pass tune criteria (see Section 13.1) every 12 hours during analysis 
of samples. 

13.3.2 A continuing calibration verification (CCV) sample is analyzed every 12 hours during analysis of 
samples. Different standards are analyzed for the CCV such that a wider range of the calibration 
curve is verified. For example: on successive days analyze the 20 pg/rnL, then the 50 pg/rnL and 
on the third day, the 80 pg/mL standard solution. Compare the response factors, of the SPCC's 
and the CCC's, and the internal standards fi-om the CCV with the following criteria. 

13.3.3 The SPCC compounds must have an RF = 0.05. 

13.3.4 Control limits for the CCC compounds are * 20% difference from the ICAL Response Factor 
(RF) if the average RF is used for quantitation, or * 20% dnft from the true concentration of the 
CCV compound if linear regression is used. 

13.3.5 The areas of the internal standards in the CCV must be between -50% and +loo% of the 
respective areas of the internal standards in the ICAL mid-point calibration standard. 

13.3.6 The retention times of the internal standards in the CCV must be within + 30 seconds of the 
respective retention times of the internal standards in the ICAL mid-point calibration standard. 

13.3.7 If the CCV results obtained are outside the acceptance criteria, corrective actions must be 
performed. If routine corrective ,actions fail to produce an acceptable second consecutive 
(immediate) CCV, then either the lab has to demonstrate performance after corrective action with 
two consecutive successful CCVs, or a new ICAL must be performed. If the instrument has not 
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demonstrated acceptable performance, sample analyses cannot continue until a new ICAL is 
established and verified with an ICV. However, sample data associated with an unacceptable 
CCV may be reported as qualified data under the following special conditions: 

13.3.7.1When the acceptance criteria for CCV are exceeded high, i.e., high bias, and there are 
associated samples that are non-detects, then those non-detects may be reported. 
Otherwise the samples affected by the unacceptable calibration verification must be 
reanalyzed after a new ICAL has been established, evaluated and accepted. 

13.3.7.2When the acceptance criteria for the CCV are exceeded low, i.e., low bias, those sample 
results may be reported if they exceed a maximum regulatory lirnitldecision level. 
Otherwise the samples affected by the unacceptable verification must be reanalyzed after 
a new ICAL is established and verified with an ICV. 

13.3.7.3When the acceptance criteria for the CCV are exceeded and it is not possible to 
reanalyze the sample due to limited sample quantity AND a new sample cannot be 
obtained by the laboratory, the data may be reported with the appropriate data qualifiers if 
the client has been contacted and agrees, in writing, to accept the qualified data. 

13.4 Records: Initial and Continuing Calibration Records will contain, at a minimum, the following: 

1) Calibration date 
2) Test method 
3) Instrument 
4) Analysis date 
5) Each analyte name 
6) Analyst's initials or signature 
7) Standard Concenh-ation (appropriate units) and number of standards 
8) Response (appropriate units) 
9) Calibration curve or response factor 
10) Evaluation of and Statistics for ICAL curve fit in order to judge calibration curve acceptance 
11) Evaluation of and Acceptance Limits for ICV analysis in order to judge calibration curve 

acceptance 
12) Evaluation of and Acceptance Limits for CCV analysis in order to judge continuing calibration 

acceptance 

13.5 Thermometers - The thermometers in the sample refrigerators and the standards freezer must be 
checked daily. They must meet performance criteria. 

14. PROCEDURE 

14.1 Sample Preparation 
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14.1.1 Water, soil, sediment and waste samples must be prepared by SOP 3500 Extractions of Samples 
for Semi-volatile Organic Analyses (EPA Methods 3510C, 3520C, 3550B, 3580A) prior to 
GCNS analysis. 

14.1.2 Extract Cleanup: Extracts may be cleaned up by any of the following methods prior to GCMS 
analysis. 

Compounds SOPS 
Semivolatile hydrocarbons 3330 Silicia Gel Clemup for Semivolatile Organic Analyses 
PCB Pesticides 3060 Florisil Clemup for PCB's and Pesticides 

14.1.3 Direct Injection: In very h t e d  applications direct injection of the sample into the GCMS system 
with a 10 pL syringe may be appropriate (see SOP 3500 for preparation). The reporting limit is 
very high (approximately 100 to 1000 mg/L); therefore, it is only applicable where 
concentrations in excess of 100 mglL are expected. 

14.1.4 Extract Preparation: Sample extracts and the Internal Standard solution should be at ambient 
temperature prior to use. Using a 10 pL microliter syringe, inject 10 pL of the Internal Standard 
solution into the 1 mL sample extract just prior to the start of the analytical batch. Ensure that 
there is no precipitation in the internal standard mixture. If there is precipitation then gently warm 
the standard until all is dissolved. 

14.2 GCNS Analysis 

14.2.1 Instrument Conditions: The recommended GCMS operating conditions: 

EMV 
Mass range: 
Scan time: 
Initial temperature: 
Ramp 1 temperature program 
Final temperature 1 : 
Ramp 2 temperature program 
Final temperature 2: 
Ramp 3 temperature program 
Final temperature 3: 
Injector temperature: 
Source temperature: 
Sample volume: 
Carrier gas: 
Split flow: 
Flow Ramp 
htial Flow 
Ramp 1 Fow program 

1600 to 2500 (nominal) 
35 to 500 amu (see Attachment 2 for ions monitored) 
3.15 scanslsec 
40°C hold for 1 minutes 
15.0 "Urnin 
100 "C hold for 0.0 minutes 
1 5 OClmin 
240 "C hold for 0.0 minutes 
1 0 "Clrnin 
3 10°C hold for 9.0 minutes 
250°C 
310°C 

1 CLL 
Helium at 44 cmlsec 
Splitless 

1.2 mLlmin hold for 0.0 minutes 
99 d m i n 2  
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Final Flow 1 : 2.0 mLImin hold for 3.5 minutes 
Ramp 2 Flow program 10 d m i n 2  
Final Flow 2: 1.2 d m i n  hold for 0.0 minutes 

14.2.2 Access the computer and create a batch sequence file. Refer to section 14.3 for instructions. 

14.2.3 Using the autosampler, inject 1 pL of the Tuning Standard (DFTPP) and evaluate using tune 
acceptance criteria. See Section 13.1 

14.2.4 Inject 1 pL of the Continuing Calibration Verification Standard (CCV) and evaluate using CCV 
acceptance criteria. See Section 13.3. 

14.2.5 If all criteria are met, continue with sample analysis, injecting 1 pL of each extract, as outlined 
below. 

14.2.6 If the response for any quantitation ion exceeds the initial calibration curve range of the GC/MS 
system, extract dilution is an option. If extract dilution is required, additional internal standard must 
be added to the diluted extract to maintain the required 40 ng1p.L of each internal standard in the 
extracted volume. Then the diluted extract is analyzed. 

DILUTION PROCEDURE 

1. Clean a Iml syringe equipped with a luer lock needle with rinse and clean solvent. 
(dichloromethane or hexane) Fill syringe with clean solvent such that there is sufficient volume 
remaining for the dilution volume (see Table 4) and remove the needle. Place the needle on the 
counter top such that the tip of the synnge is elevated. 

2. Clean an appropriate synnge (see Table 4) with rinse and clean solvent. Expel excess solvent by 
pumping plunger several times. Puncture the sample vial with the syringe needle and withdraw the 
sample into the syringe. 

3. Remove the syringe from the sample vial and insert the needle into the barrel of the Iml syinge. 
Inject the sample into the clean solvent. Hold the lml syringe so that the tip is up and gently push 
up on the plunger to remove excess air from the barrel. 

4. Replace the needle on the Irnl syringe and add sufficient clean solvent to a final volume of Irnl. 
Transfer the entire contents of the syinge into a labeled sample vial. Add an appropriate amount 
of internal standard (see Table 4) if necessary. Cap vial. 

Table 4 STANDARD DILUTIONS 
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14.2.7 Perform all qualitative and quantitative measurements as described in Sections 14.4 and 14.5. 
After analysis, store the extracts in the dark at 0.1- 6OC. 

14.3 Analytical Sequence 

START CHEMSTATION SOFTWARE: 

From NT Desktop: StartProgramsIMSD ChemStationIInstrument #lhstrument #1 

The software will locate the instrument and all peripheral equipment. Once the software is hlly loaded 
there will be two windows visible. Window one is the instrument control window. Instrument parameters 
are readily viewed fiom this window. The second window is the sequence control window. No 
instrument parameters are viewable from this window. 

SEQUENCE SETUP 

From menu: Sequence/Run 
1. Set current date in Data File Directory space (ie., C:\MSDCHEM\l\DATA\060702\) 
2. OK (to save changes) 

From menu: SequenceIEdit Sample Log Table 
1. Set data file name using current date using the following format MMDDYY## (ie., 06070201) 
2. Set up sequence order using the following format: VOTE: Tune and CCV must always run 

first) 
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1 19 I SVOCO610 I SAMP 020600 1 -0 1 1 A 

NOTE: The number of samples, including tune and CCV that can be analyzed within the 12 hour 
window varies with each analysis. Use this list as a guide but always check that the samples were 
analyzed within 12 hours of the DFTPP injection. 

SVOC = 18 total samples 
PNA(SIh4) = 2 1 total samples 
PCB/PEST = 20 total samples 

3. OK (to save changes) 

From menu: MethodISet New Default Paths 
1.Update the method and data file paths using the current date (ie., 
C:WSDCHEM\l\DATA\060702\) 

2. OK (to save changes) 

Use Windows Explorer to copy all of the method files fiom the previous day's folder into the current day's 
folder. 

TO START SEQUENCE: 

From menu: Sequence/Run/Run Sequence 

Start of the 12 hour sequence (as documented as the dateltime stamp on the data file for the Tune 
Standard): 

The analytical sequence for Initial Calibration is: 

DFTPP (Tune Standard) 
Calibration standard (S 1) 
Calibration standard (S2) 
Calibration standard (S3) 
Calibration standard (S4) 
Calibration standard (S5) 
Calibration standard (S6) optional 
Calibration standard (S7) optional 
Initial Calibration Verification Standard (ICV) 

The analytical sequence for Sample Analysis is: 

DFTPP 

SOP 4020 SVOC by GUMS SW-846 827K 
Revision 03 

September, 03 
Page 20 of 38 

File: \\Harrison\\(nuality ControRQuality Manual & SOPs\4000 Anaytical SOPs\SOP 4020 8270 SVOA\4020 8270C SVOC SOP rev03.doc 



Analysis Corporation: 

Continuing Calibration Verification Standard (CCV) 
Method Blank (MB) 
LCS 
LCS Duplicate (if applicable) 
Sample #1 
Sample #1 Matrix Splke (MS) 
Sample #1 Matrix Spike Duplicate (MSD) 
Sample #1 Laboratory Duplicate (if applicable) 
Samples #2, #3, etc. until the end of 12 hour tune period 

DFTPP 
ccv 
Samples up to #20 
Method Blank (MB) #2 
LCS #2 
LCSD #2 (if applicable) 
Sample #2 1 
Sample #21 Matrix Spike (MS) 
Sample #2 1 Matrix Spike Duplicate (MSD) 
Sample #2 1 Laboratory Duplicate (if applicable) 
Samples #22, #23, etc. until the end of 12 hour tune period 

14.4 Data Interpretation - Qualitative Analysis 

14.4.1 An analyte is identified based upon Relative Retention Time (RRT) and by comparison of the 
sample mass ions with the mass ions of a standard of the suspected compound (standard 
reference ions). The reference mass ion ratio must be generated by the laboratory using the 
conditions of this method. The characteristic ions from the reference mass ion are defined to be 
the two or three ions of greatest relative intensity. See Attachment 2 for the ions to be monitored. 
Two criteria must be satisfied to verify identification: 
(1) elution of sample component at the same GC relative retention time.(RRT) as those of the 
standard component; and (2) correspondence of the sample component and the standard 
component mass ions. Intensities of the characteristic ions must maximize in the same scan or 
within one scan of each other. 

14.4.2 The RRT of the sample component is within + 0.06 RRT units of the RRT of the standard 
component. 

14.4.3 The relative intensities of the characteristic ions must agree within 30% of the relative intensities 
of these ions in the reference spectrum. (example: For an ion abundance of 50% in the 
reference, the corresponding abundance in a sample spectrum can range between 20% and 
go%.) 
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14.4.4 Structural isomers that produce very similar mass spectra must be identified as individual isomers 
if they have sufficiently different GC rctention times. Sufficient GC resolution is achieved if the 
height of the valley between two isomer peaks is less than 25% of the sum of the two peak 
heights. Otherwise, structural isomers are identified as isomeric pairs. An exception to t h ~ s  
guidance occurs for the compounds Benzo(b)fluoranthene and Benzo(k)fluoranthene. Although 
the GC resolution may be minimal between the two, they are routinely reported as individual 
compounds. The Manual Lntegration SOP 1255 is used for guidance in the integration of these 
two peaks and for other situations that may require analyst efforts to correct computer generated 
integrations that are not technically sound. 

14.4.5 Identification is hampered when sample components are not resolved chromatographically or 
coelute and produce mass spectra containing ions contributed by more than one analyte. When 
gas chromatographc peaks obv~ously represent more than one sample component (i.e., a 
broadened peak with shoulder(s) or a valley between two or more maxima), appropriate selection 
of analyte spectra and background spectra is important. Examination of extracted ion current 
profiles of appropriate ions can aid in the selection of spectra, and in qualitative identification of 
compounds, but each analyte spectrum will contain extraneous ions contributed by the coeluting 
compound. 

14.4.6 For samples containing components not associated with the calibration standards, a library search 
may be made for the purpose of tentative identification. The necessity to perform this type of 
identification will be determined by the purpose of the analyses being conducted. Computer 
generated library search routines must not use normalization routines that would misrepresent the 
library or unknown spectra when compared to each other. For example, the RCRA permit or 
waste delisting requirements may require the reporting of nontarget analytes. Only after visual 
comparison of sample spectra with the nearest library searches will the mass spectral 
interpretation specialist assign a tentative identification. Guidelines for making tentative 
identification are: 

14.4.6.1 Relative intensities of major ions in the reference spectrum (ions >lo% of the most 
abundant ion) must be present in the sample spectrum. 

14.4.6.2 The relative intensities of the major ions must agree within + 20%. (Example: For an ion 
with an abundance of 50% in the standard spectrum, the corresponding sample ion 
abundance must be between 30 and 70%). 

14.4.6.3 Molecular ions present in the reference spectrum must be present in the sample spectrum. 

14.4.6.4 Ions present in the sample spectrum but not in the reference spectrum must be reviewed 
for possible background contamination or presence of coeluting compounds. 
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14.4.6.5 Ions present in the reference spectrum but not in the sample spectrum must be reviewed 
for possible subtraction from the sample spectrum because of background contamination 
or coeluting peaks. Data system library reduction programs can sometimes create these 
discrepancies. 

14.5 Data Interpretation - Quantitative Analysis 

14.5.1 Once a compound has been identified, the quantitation of that compound must k based on the 
integrated abundance fiom the EICP of the primary characteristic ion. The internal standard used 
shall be the one nearest the retention time of that of a given analyte. 

14.5.2 If the RSD of a compound's response factor is 15% or less, then the concentration in the extract 
is determined using the average response factor (RF) fiom initial calibration data (13.2). See 
Method 8000, Sec.. 7.0, for the equations describing internal standard calibration and either linear 
or non-linear calibrations. 

14.5.3 Where applicable or required, the concentration of any non-target analytes (TICS) identified in the 
sample are estimated. 171e same formulae must be used with the following modifications: The 
areas A, and A,, must be from the total ion chromatograms, and the RF for the compound must 
be assumed to be 1. The resulting concentration must be reported indicating: (1) that the value is 
an estimate, and (2) which internal standard was used to determine concentration. Use the 
nearest internal standard free of interferences. 

14.6 Record the following information in the appropriate logbook or data file. Include any deviations fiom t l s  
procedure. Analyst initials, date of analysis, sample number or LD, initial sample volume or weight 
processed, final extract volume, calibration standard sample or solution identifier, QC sample or solution 
identifier, surrogate solution identifier, internal standard solution identifier, any dilution information, 
readings fiom support equipment, data file name, instrument method name, visual observations, and any 
other information as deemed necessary. 

14.7 Troubleshooting 
The experience of the analyst performing GCMS anaIyses is invaluable to the success of the methods. 

I Each day that the analysis is performed, the daily calibration standard (CCV) must be evaluated to 
determine if the chromatographic system is operating properly. Questions that must be asked: Do the 
peaks look normal? Is the response obtained comparable to the response fiom previous calibrations? 
Carell  examination of the standard chromatograrn can indicate whether the column is still good the 
injector is leaking, the injector septum needs replacing, etc. If any major changes are made to the 
system (e.g. column changed or detector cleaned), recalibration of the system must take place. 

14.8 Routine Maintenance - Record all maintenance 

14.8.1 Daily, or as needed according to sample throughput, change the septum and or the injection port 
liner. Trim a short section fiom the analyhcal column as necessary. Alternatively, the use of a 
guard column helps to protect the analytical column fiom residue buildup. A short section, 10 to 
20 cm, of the guard column may be trimmed as to improve column performance. 
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14.8.2Clean the source on an as needed basis (loss of sensitivity). 

14.8.3Inspect the autosampler syringe for wear; replace as necessary. 

14.8.4 Check the canier gas supply; replace as necessary. 

15. DATA REDUCTIONS, CALCULATIONS, AND LOADING 

15.1 The data system performs the calculations. 

15.1.1 If the %RSD of a compound's relative response factor is 15% or less, then the concentration in 
the extract may be determined using the average response factor (RF) from the initial calibration 
data (13.2) and the following equation: 

C,(mg/L) = A, x C, 
A,, x RF 

where Cex is the concentration of the compound in the extract, and the other terms are defined in 
Sec. 13.2. 

15.1.2 Alternatively, linear regression (Sec. 13.2) may be used for determination of the extract 
concentration. 

15.2 Compute the concentration of the analyte in the sample using the equations in Secs. 15.2.1 and 15.2.2. 

15.2.1 The concentration of the analyte in the liquid samples is calculated using the concentration of the 
analyte in the extract and the volume of liquid extracted, as follows: 

Concentration in liquid ( m a )  = C e x 2  - 
v, 

or 
Concentration in liquid @g/L) = Cex - * Vf * 1000 

Vi 
where: 

Vf = final extract volume in mL (includes any dilution volumes) 
Vi = initial volume of liquid extracted, in mL. 

15.2.2 The concentration of the analyte in the solid sample is calculated using the concentration of the 
analyte in the extract and the weight of the solid extracted, as follows: 

Concentration in solid (mg/Kg) = Cex * Vf 
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Concentration in solid (pg/Kg) = Cex * Vf * 1000 
W i 

where: 

Vf = final extract volume in rnL (includes any dilution volumes) 
W, = initial sample weight, in g. 

For soil samples reported on dry weight basis, divide the Concentration by the decimal 
equivalent of the Percent Solids. For example: a sample contains 90% solids, thus 

Concentration in solid (mgKg) dry weight = C,, * Vf 
W; * 0.90 

16. METHOD PERFORMANCE 

Demonstration of Capability (DOC) 

All parameters of interest must meet the method acceptance criteria before actual sample analysis begins. 
See SOP 1230 Training for the procedure to perform and document the DOC. The DOCS fir the 
analysts performing this method are located in the analysts' training form folders located in the QA office 
files. 

A quality control (QC) reference concentrate is required containing each analyte at a concentration of 50 
MmL in acetone. The QC ~ference sample used is the Semivolatiles ICV (refer to Section 10.9 for 
composition). The QC reference sample is made using stock standards prepared independently ftom those 
used for calibration. 

For each analyte calculate the mean recovery (x) and standard deviation (s) and the average % Recovery 
(%R). Compare X and s and %R with the corresponding acceptance criteria for accuracy and precision, 
respectively. Note: x must be within 15 and 75 pg/mL and s must be less than 25 p g L  and %R must be 
within 30' TO 150%. If x and s and %R for all analytes meet the acceptance criteria, the system 
performance is acceptable and analysis of actual samples can begin. If any individual x or %R falls 
outside the range for accuracy or any individual s exceeds the precision limit, then the system performance 
is unacceptable for that analyte and corrective action must be taken. 

Locate and correct the source of the problem' and repeat the test only for those analytes that failed to 
meet criteria. Repeated failure, however, will confirm a general problem with the measurement system. If 
this occurs, locate and correct the source of the problem and repeat the test for all compounds of interest. 

Comparison to Rkference Method Data 
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EPA Method 8000B provides guidance for the establishment of control h i t s  for the LCS and MS QC 
samples. Recovery limits of 70% to 130% are provided as initial benchmarks for performance (8000B 
Section 8.5.4). These limits are designed for a wide variety of organic test methods. Lndividual analyte 
performance may vary. The control limits stated in Section 18 of this SOP are referenced from the CLP 
Statement of Work (SOW) for Organic Analyses Revision OLM04.2 May 1999 and in-house recovery 
data. 

In-House Control Limits 
Method performance data is on file in the laboratory QC department. Comparison of method performance 
data for the laboratory to the reference method criteria occurs when laboratory in-house acceptance limits 
are generated. In-house generated data is compared to the specifications of the reference method. If the 
in-house limits are withtn the specifications of the reference method, the control limits are updated in 
LIMS. If the in-house limits are not within specifications, an investigation is performed to determine the 
cause(s) of the problem and a corrective action is completed. The analysis may continue until enough data 
points are collected to regenerate new control limits. Any QC data generated outside of reference method 
limits during that time fi-ame is flagged. 

The laboratory maintains performance records to document the quality of data that is generated. Method 
accuracy for samples is assessed and records maintained. After the analysis of 20 laboratory control 
samples and surrogates, calculate the average percent recovery (R) and the standard deviation of the 
percent recovery (S). 

Control limits for the method parameters are generated by the QC staff and distributed to the analysts via 
updates to the LIMS control charts. The control limits are calculated based on in-house performance 
data. At a minimum, these limits are updated annually. 

POLLUTION PREVENTION 

The preparation of excessive volumes of laboratory reagents and standards shall be avoided so that waste 
and potential for pollution are minimized. Samples, reagents and standards shall be disposed in compliance 
with the lab waste disposal program, SOP 1130 Waste Disposal. With the consent of the client, the 
samples may be returned to their origin for treatment. 

Uncontaminated paper waste, glass and cans should be separated for recycling. Laboratory staff are 
required to protect the laboratory's and our clients' business information when disposing recycled paper or 
waste fiom the facility. 

18. DATA ASSESSMENT AND CRITERIA FOR QUALITY CONTROL MEASURES 
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Data assessment includes review of: proper sample condition, preservation, and storage; analysis within -,..a,. 

holding time limitations; deviations fiom the SOP, evaluation of performance based or in-house control 
limits, reference method limits or project specific limits. 

The laboratory must maintain records to document the quality of data that is generated. Ongoing data 
quality checks are compared with established performance criteria to determine if the results of analyses 
meet the performance characteristics of the method. When results of sample spikes indicate atypical 
method performance, a calibration verification standard is used to confirm the measurements were 
performed in an in-control mode of operation. The data review is conducted according to SOP 1250 Data 
Review. 

18.1 Blanks 

If the blank exceeds the RL (usually the lowest calibration standard or specifically defined in this test 
method SOP), the source of contamination must be investigated and corrective actions taken. The 
compound concentrations in the ~ l ~ t h o d  blank of an extraction batch must be less than the RL's listed in 
Attachment 1, except for common laboratory contaminants, i.e. bis-2-ethylhexyl phthalate which must be 
less than 5 times the RL listed in Attachment 1. If this criteria is exceeded, re-analyze the method blank. 
If after re-analysis, the blank criteria is still exceeded, then the entire extraction batch must be re- 
extracted. Always refer to a client specific QAPP for additional guidance. 

If the surrogate recovery is outside the QA limits as defined in this test method the source of the 
nonconformance must be investigated and corrective actions taken. If ths  criteria is exceeded, re-analyze 
the method blank. If after re-analysis, the blank criteria is still exceeded, then the entire extraction batch 
must be re-extracted. Always refer to a client specific QAPP for additional guidance. 

Affected samples must be reprocessed and reanalyzed or Data must be appropriately qualified if: 

1) The concentration of a targeted analyte in the blank is at or above the reporting limit as established 
by the SOP or by regulation, is greater than 1/10 of the amount measured in any sample. 

2) The blank contamination otherwise affects the sample results as per the test method requirements or 
the indtvidual project data quality objectives. 

18.2 Laboratory Control Samples (LCS) 

The results of the individual batch LCS are calculated in percent recovery (%R) and compared to 
established acceptance criteria from in house analyses. If the LCS is outside the acceptance criteria, see 
Table 5 for current acceptance criteria, the analytical system is "out of control." Any affected samples 
associated with an out of control LCS must be reprocessed and reanalyzed or the results reported with 
appropriate data qualifiers. If after re-analysis the control criteria has not been met, the entire extraction 
batch must be re-extracted. Always refer to a client specific QAPP for additional guidance. 

Table 5 LCS 
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18.3 Surrogates 

18.3.1 The results of the individual Surrogate compounds are calculated in percent recovery (%R) and 
are compared to established acceptance criteria fiom the CLP Statement of Work (SOW) for 
Organic Analyses Revision OLM04.2 May 1999. Surrogates outside the acceptance criteria, see 
Table 6 for current acceptance criteria, must be evaluated for the effect indicated for the 
individual sample results. 
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Table 6 Surrogates 

If surrogate recoveries are not within the established acceptance criteria, proceed as follows (SW-846 
8000B): 

1) Check to be sure that there are no errors in the calculations, surrogate solutions or internal 
standards. If errors are found, recalculate the data accordingly. Examine chromatograms for 
interfering peaks and integrated peak areas. 

2) Check instrument performance. If an instrument performance problem is identified, correct the 
problem and re-analyze the extract (or re-analyze the sample for volatiles). 

3) Some samples may require dilution in order to bring one or 'more target analytes within the 
calibration range or to overcome significant interferences with some analytes. This may result in 
the dilution of the surrogate responses to the point that the recoveries cannot be measured. If the 
surrogate recoveries are available fiom a less diluted or undiluted aliquot of the sample or sample 
extract, those recoveries may t~ used to demonstrate that the surrogates were within the QC 
limits, and no further action is required. However, the results of both the diluted and undiluted (or 
less-diluted) analyses should be provided to the data user. 

4) If no instrument problem is found and if sufficient sample is available, the sample should be re- 
extracted and re-analyzed. 

18.3.2 If, upon re-analysis (in either 2 or 4 above), the recovery is again not within limits, report the data 
as an "estimated concentration." If the recovery is within the limits in the re-analysis, provide the 
re-analysis data to the data user. If the holding time for the method has expired prior to the re- 
analysis, provide both the original and reanalysis results to the data user, and note the holding time 
problem. 

18.4 Duplicates 

The results fiom laboratory duplicates are designed to assess the precision of analyhcal results in a given 
matrix and are expressed as relative percent difference (RPD). See the STAT Quality Assurance 
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Manual, Section 5.4 for the calculation for RPD. Results are compared to established acceptance 
critena as listed in the MSJMSD Tables 7 and 8. For duplicates results outside established critena, 
corrective action must be documented or the data reported with appropriate data qualifying codes. 

For this test method, the analysis of the MSJMSD pair is used for determination of method precision. For 
cases where the sample cannot be divided (e.g., wipes, air samples, not enough sample provided by 
customer) and thus a MSMSD pair is cannot be prepared in the preparation batch, an 1,CSILCSD pair is 
prepared and analyzed to measure precision. Precision data from Tables 7 and 8 will be used for RPD 
acceptance criteria for LCSJLCSD. 

18.5 Matrix Spikes 

18.5.1 The results fiom MSIMSD are primarily designed to assess the precision and accuracy of 
analytical results in a given matrix and are expressed as percent recovery (%R) and relative 
percent difference (RPD). See the STAT Quality Assurance Manual, Section 5.4 for the 
calculation for RPD. Results are compared to established acceptance criteria from the CLP 
Statement of Work (SOW) for Organic Analyses Revision OLM04.2 May 1999. For matrix splke 
results outside established criteria corrective action must be documented or the data reported with 
appropriate data qualifying codes. 

18.5.2 Tables 7 and 8 show the compounds splked, the levels and the current QC criteria for soils and 
water samples. 

Table 7 Matrix Spike - Soil 
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Table 8 Matrix Spike - Water 

18.6 Internal Standards 

The results of the individual Internal Standard compounds on all samples, blanks, and splkes are 
calculated in percent recovery (%R) and are compared to established acceptance criteria. If the 
Internal Standard recovery is outside the acceptance criteria, see Table 9, corrective action should be 

*,~, 

taken. Note: the recovery of internal standards in these samples within the stated limits is not mandatory 
per the reference method, 8270C. It can be a useful diagnostic tool. Client specific project criteria may 
require the adherence to these limits. If so, then corrective action must be documented or the data 
reported with appropriate data qualifying codes. 

Table 9 Internal Standards 

18.7 Other 

INTERNAL STD 
COMPOUND 
Acenaphthene -dl 
Chrysene-dl 2 

1,4-Dichlorobenzene-d4 
Naphthalene -d8 
Perylene-d12 
Phenathrene-dlo 
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-50 to +lo0 
-50 to +lo0 
-50 to +lo0 
-50 to +lo0 
-50 to +lo0 
-50 to +I00 
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The laboratory will analyze standard reference mterials and participate in relevant performance evaluation 
studies quarterly. 

19 CORRECTIVE ACTIONS FOR OUT-OF-CONTROL DATA 

The process for handling unacceptable and out of control data is found in SOP 230 Corrective Action. 

If the CCV, MB, LCSILCSD, MS/MSD, lab duplicate, surrogate, internal standard, or recovery of any 
parameter falls outside the designated acceptance range, the laboratory performance for that parameter is 
judged to be out of control, and the problem must be immediately identified and corrected. The analytical 
result for that parameter in the samples is suspect and is only reported for regulatory compliance purposes 
with the appropriate corrective action form. Immediate corrective action includes reanalyzing all affected 
samples by using any retained sample before the expiration of the holding time. Final data results must be 
qualified in the client report for reported results not meeting the laboratory defined criteria. 

1) Review standards preparation logbooks. Check all calculations and ensure dilution factors are properly 
recorded. 

2) Re-prepare the suspected standard or QC sample to identify possible preparation errors of the 
standard or QC sample. 

3) Re-Analyze the samples when the CCV or LCS is not w i t h  acceptable limits. 

4) Perfom routine preventative maintenance following manufacturer's specification. Record all 
maintenance in the instrument logbook. 

20 CONTINGENCIES FOR HANDLLNG OUT-OF-CONTROL OR UNACCEPTABLE DATA 

Every effort is made to prevent problems from occurring. When out of control or unacceptable data 
occurs the fust option is to identify the problem and reanalyze the samples within the holding times. When 
this is not possible, the QA Manager andor the Laboratory Director reviews data and discusses options 
with the client. Reanalysis or reporting the data with qualification are alternatives. Out of control or 
unacceptable data reported to the client must include the data qualifier, flag and discussion on the rationale 
for reporting. 

Holding time exceedence, improper preservation and improper sample condition or storage are noted on 
the corrective action form and included on the final report. 

Review the CCV standard response, LCS result, the surrogate recovery, and internal standard recovery 
for acceptable performance for each bitch of samples. Record any trends or unusual performance on a 
corrective action form. Final data results must be qualified in the client report for results not meeting the 
laboratory defined criteria. 

Manual integration must be minimized for standards, reagent blanks and surrogates. Routine manual 
integration of the same parameters indicates a system performance problem. Correct this problem or note 
in the instrument analysis logbook the suspected causes for routine manual integration. Sign and date all 
manually integrated chromatograms. 
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20.1 The process for handling unacceptable and out of control data is found in the Laboratory QAM 
Section 11. The reporting of data that is out of control must be approved and documented by 
Quality Assurance Manager and either the Technical Manager or the Laboratory Director. 

20.2 Client Requested Modifications: 

20.2.1 Clients must request modifications fiom the laboratory SOP in writing to the lab. 

20.2.2 The lab director, technical manager and quality assurance manager will evaluate the 
requested client deviations, determine the feasibly of the deviation and the potential 
effects on the data. 

20.2.3 If it is determined that the lab will perform the requested deviations, lab director, techcal  
manager and quality assurance manager will decide if a method validation study is 
required. 

20.2.4 The designated project manager will retain all documentation concerning the requested 
deviation, including all correspondence with the client, in the client folder. 

20.2.5 The fmal analytical report must include the statement "This report has analyses performed 
using client requested modifications ". 

21 WASTE MANAGEMENT 

The STAT Analysis Corporation Waste Disposal SOP 11 30 identifies proper waste management practices 
for the chemicals and biologxal materials used in this procedure. Samples are stored and discarded 
accordance with SOP 1 130 Waste Disposal. 

22 REFERENCES 
22.1 Method 8270C, Revision 3, December 1996; U.S. EPA SW-846 "Test Methods for Evaluating 

Solid Waste, Physical/Chemical Methods" Update 111, December 1996. 
22.2 STAT SOP for sample prep: 3500 
22.3 STAT Extract Cleanup SOPs: 3060,3330 
22.4 STAT SOPs: 12 10 Method Detection Limits 
22.5 SOP 230 Corrective Actions 
22.6 SOP 1010 Standard and Reagent Preparation 
22.7 SOP 1400 LLMSa 
22.8 SOP 1 130 Waste Disposal 
22.9 SOP 003 Chemical Hygiene Plan 
22.10 SOP 1250 Data Review 
22.1 1 Manufacturers' Equipment Instruction Manuals 
22.12 SOP 1255 Manual Integration 
22.13 SW-846 8000B Determinative Chromatographic Separations 
22.14 SOP 1230 Training 
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22.15 "USEPA Contract Laboratory Program Statement of Work for Organic Analysis" Revision 
OLM04.2 May 1999, U. S. Environmental Protection Agency. Office of Solid Waste, Washmgton 
DC 20460. 

22.16 NIST Library of Reference Spectra, Edition Number NIST98 
23 FORMS, FIGURES, TABLES, DIAGRAMS, FLOWCHARTS, ATTACHMENTS OR 

VALIDATION DATA 

MDLs and REPORTING LIMITS FOR SEMIVOLATILE COMPOUNDS (Attachment 1) 
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83-32-9 
208-9643 
62-53-3 
12@12-7 

1 65-85-0 
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Compounds 

Acenaphthene 
Acenaphthylene 
Aniline 
Anthracene 
Benzoic acid 

RL 
(mg/Kg) 

0.33 
0.33 
0.33 
0.33 
1.7 

MDI, 
@g/Kg) 

124 
123 
134 
113 
169 

RL 
(mg/L) 

0.010 
0.010 
0.010 
0.010 
0.050 

RL 
@g/Kg) 

330 
330 
330 
330 
1700 

MDL 

OWL) 

2.8 
2.7 
2.0 -------- 
4.0 
12.4 

RL 
@@) 

10 
10 
10 
10 
50 
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COMPOUNDS 

Secondary Ion@) 

150, 154 
79,42 
51,52 
f%, 92 
71,42 
65,66 
65,39 
65 
f%, 130, 132 - 

148,75,11lP 
148, 1 1  1 
107,79 
154,115 
134 
148, 111 
108,79 
41,121 
108,77 
43,42 

# 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

IONS FOR 
Retention 

Time (rnin.) 
8.63 
2.69 ----- 
2.58 
5.29 
8.35 
8.40 ----- 
7.84 
8.17 
8.22 
8.48 
8.69 
9.60 
9.28 
8.13 
9.33 
10.37 
10.10 
11.06 
10.74 

Attachment 2: CHARACTERISTIC 

Compounds 

1,4-Dichlorobenzene-d4 (ISTD) 
N-Nitrosodimethylamine 
Pyridine 
2-Fluorophenol (SURR) 
Phenol-dS (S URR) 
Phenol (MS) 
Aniline 
bis -(2-Ch1oroethyl)ether 
2-Chlorophenol (MS) 
1,3-Dichlorobenzene 
1,4-Dichlorobenzene (MS) 
Benzyl Alcohol 
1,2-Dichlorobenzene-d4 (SURR) 
2-Chlorophenol-d4 (SURR) 
1,2-Dichlorobenzene 
2-Methylphenol 
2,T-oxybis(1 -Chloropropane) -- 
3- & 4-Methylphenol 
N-Nitrosodi-n-propylamine (MS) 

43 
44 

SEMIVOLATILE 
Primary 

Ion 
152 
74 
79 
112 
99 
94 
66 
63 
128 
146 
146 
108 
152 
132 
146 
107 
45 
107 
70 
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45 

# 

[ 51 ( 4Nitrophenol (MS) 20.93 109 ( 65,39 

47 
48 

2,6Dinitrotoluene 

Compounds 

Acenaphthene-dl0 (ISTD) 

52 1 2,4Dinitrotoluene (MS) 

( 59 1 Azobenzene 2 1.49 77 I 51,182 I 

20.08 
Retention Time 

(rnin.) 

20.79 1 165 1 89,63 

54 
55 
56 

20.16 

165 
Primary 

lon 

164 1 162, 160 

53 1 Diethyl phthalate 
4Chlorophenyl phenyl ether 
Fluorene 
4Nitroaniline 

60 
61 
62 
63 
64 

89,63 

Secondary lon(s) 

153 1 154, 152 Acenaphthene (MS) 

2 1.29 149 1 177, 150 

65 
66 
67 

1 70 1 Benzidine 24.35 184 1 185,183 1 

20.23 

21.25 
21.16 
2 1.43 

2,4,6-Tribromophenol (SURR) 
4Brornophenyl phenyl ether 
Hexachlorobenzene 
Pentachlorophenol (MS) 
Phenanthrene-dl0 (ISTD) 

68 1 Di-n-butyl phthalate 1 23.51 

Phenanthrene 
Anthracene 
CarbazoIe 

149 1 104,150 

204 
166 
138 

21.61 
2 1.97 
22.13 
22.44 
22.54 

7 1 
72 
73 
74 
75 
76 
77 

206,141 
165, 167 
108,92 

22.58 
22.64 
22.91 

69 1 Fluoranthene 24.1 1 

78 
79 
80 

lSTD = lnternal Standard 
SURR =Surrogate 

330 
248 
284 
266 
188 

202 1 200,203 

Pyrene (M S) 
p-Terphenyl-dl4 (SURR) 
Butyl benzyl phthalate 
3,Y-Dichlorobenzidine 
Chrysene-dl2 (ISTD) 
Benzo(a)anthracene 
Chrysene 

82 
83 
84 
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332,328 
250, 141 
286,282 
264,268 
94,80 

178 
178 
167 

bis -(2-Ethylhexy1)phthalate 
Di-n-octyl phthalate 
Benzo(b)fluoranthene 
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176, 152 
176, 179 
166,168 

24.38 
24.65 
25.33 
25.90 
25.90 
25.87 
25.94 

Benzo(a)pyrene 
Perylene-dl2 (ISTD) 
Indeno(l,2,3-cd)pyrene 

26.08 
26.80 
27.12 

202 
244 
149 
252 
240 
228 
228 

27.46 
27.51 
28.75 

200,203 
240,243 
206,91 
254,256 
236, 120 
226,229 
226,229 

149 
149 
252 

167,279 
279,43 
250, 126 

252 
264 
276 

126, 113 
260,265 
138,277 
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MS = Matrix Spike 
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1.0 IDENTIFICATION OF TEST METHOD 

SOP Title: Organochlorine Pesticides & Po1yc:hlorinated Biphenyls by Gas ChromatographyIElectron Capture Detector 
is abbreviated as Pest-PCBs in laboratory records. 

2.0 APPLICABLE MATRICES 

Methylene chloride and organic solvent exbacts horn soil, sediment, ground and surface water, and mobility extracts are 
analyzed using this method. 

3.0 DETECTION LIMITS 

The lab follows the procedure found in 40CF 3 Part 136B to determine the MDL for each matrix type on an annual basis. See 
the STAT Analysis SOP 1210 for the MDL procedure, hequency and acceptance criteria. The MDLs measured by the lab 
and all supporting documentation are in the laboratory QA files for review. 

The laboratory determined MDL must alwr~ys be less than the reporting limit (RL), which is determined by the lowest 
calibration standard. The RLs will usually rmge from three to ten times the laboratory measured MDLs but this relationship 
may vary dependent on dilution of sample al~quots, matrix interferences, moisture adjustments (in solid samples), or method- 
specified requirements. Attachmznt 1 contai~ls the current MDLs and reporting limits (RLs) for this SOP. 

4.0 SCOPE AND APPLICATIOPI 

4.1 This standard operating procedure dxcribes in detail the precise methods used at STAT Analysis Corporation for the 
analysis of environmental samples for Organochlorine Pesticides & PCBs by GCIECD. This SOP as written is to be 
applied when SW-846 Methods 808 LA or 8082 are requested. This SOP is used to determine the concentration of 
Pest-PCBs in extracts prepared kom all types of solid waste matrices, soils, and ground water. 

4.2 SOP 4020 can be used to quantitate Pest-PCBs that are soluble in hexane and other organic solvents and are capable 
of being eluted without derivatization as sharp peaks £rom gas chromatographic fused-silica capillary columns coated 
with a slightly polar silicone. 

4.3 The reporting limits (RI-s) for this SOP are shown in Attachment 1 for soils and water. RLs will be proportionately 
higher for sample extracts and samples that require dilution or reduced sample size to avoid saturation of the 
detector. PCBs are reported as h : l o r s .  

4.4 This method is restricted to use by or under the supervision of analysts experienced in the use of a Gas 
Chromatograph/Electron Capture Detector (GCIECD) and skilled in the interpretation of complex chromatograms. 
Each analyst must demonstrate the ability to generate acceptable results with this method. 
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5.0 SUMMARY OF TEST MET HOD 

5.1 Prior to using thls method, the samplesmust be prepared for the GCIECD using the appropriate sample preparation 
and cleanup SOPs (Section 14.1). S;imples are extracted at neutral pH with methylene chloride or other mixed 
organic solvents, and tbcn solvent exchanged with hexane. This method describes chromatographic conditions that 
will allow for the separation of the compounds in the extract and for their qualitative and quantitative analysis by gas 
chromatography using an Electron Capture Detectors. Electron Capture Detectors are selective to electronegative 
compounds, especially chlorinated, fluorinated or brominated molecules. The ECD utilizes a radioactive '%i source 
that ionizes the makeup gas (argonln~ethane 5%, P5) to form a stable cloud of fiee electrons in the ECD cell. When 
an electronegative compound enters the cell it immediately combines with some of the free electrons. This reduction 
of fiee electrons is proportional to the concentration of the compound. Identification of target analytes is 
accomplished by comparing component retention times to those of authentic standards. Quantitation is accomplished 
by comparing the response of a comlmund relative to an external standard using a five-point calibration curve. 

5.2 Method Modifications from Reference - This SOP is based on EPA Methods 808 1A and 8082 except that all 
samples are cleaned for sulfur by the addition into the autosampler vial of a small amount of granulated copper metal 
prior to analysis. 

6.0 DEFINITIONS 

The STAT Analysis Quality Manual Section (9.0 contains all the definitions of standard terms used in SOPs. 

7.0 INTERFERENCES 

7.1 GCIECD data fiom all blanks, samples, and sp~kes must be evaluated for interferences. Determine if the source of 
interference is in the preparation anclor cleanup of the samples and take corrective action to eliminate the problem. 
Specific interferences arc sulfur, polynuclear aromatics, chlorophenols, and phthalates. 

7.2 Contamination by carryover can occur whenever high-concentration and low-concentration samples are sequentially 
analyzed. To reduce carryover, the simple syringe must be rinsed out between samples with solvent. Whenever an 
unusually concentrated sample is en:ountered, the sample after it must be reanalyzed to check for cross 
contamination. 

7.3 Extract Cleanup SOPs (Section 14.1) are employed to remove interferences. 

8.0 SAFETY 

Numerous compounds analyzed by this method are suspected carcinogens. Proper personal protective equipment including 
safety glasses, nitrile gloves and a lab coat are required during different parts of this method. Other safety precautions must be 
conducted in accordance with the Chemical Ilygiene Plan. Other actions can also be applied if deemed necessary. A reference 
file of Material Safety Data Sheets (MSDS) is available to all personnel involved in this method. The Electron Capture 
Detector (ECD) uses a radioactive source (N?) as a source of electrons for analyte detection. The detector is wipe tested 
every six months for radioactive leakage. Thc wipes are analyzed by the National Leak Test Center in North Tonawanda, NY 
or at another Nuclear Regulatory Committee certified laboratory. Records of the leak tests are kept with the instrument. 
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9.0 EQUIPMENT AND SUPPLIES 
The following apparatus is recommended for j)erfoming this procedure. Equivalent items can be used, if with their use, the 
analytical and QNQC requiremer~ls in this SCoP can be met. All catalog numbers in this SOP are current as of the effective 
date and thereafter subject to change. 

9.1 Gas Chromatograpk'Electron Capture Detector (GCIECD) 

9.1 .I Gas chromatograph(GC) - Agilent 6890 with electronic flow control Gas Chromatograph with Dual Agilent 
Microelectron Capture Detect >rs (Agilent G2397A) capable of utilizing dual capillary columns coupled to the 
detectors. The columns are coupled together and joined to a single injection port. Equipped with an Agilent 
Autosampler Model 7683 

9.1.2 Primary column: 30 m x 0.25 mm ID x 0.25pm film thickness silicone-coated fused-silica capillary column 
.(Restek Rtx-CLPesticides or equivalent) 

9.1.3 Confirmatory column: 30 m x 0.25 mm ID x 0.25pm film thickness silicone-coated hsed-silica capillary 
column (Restek R.k-CLPesticides2 or equivalent) 

9.1.4 Data system - An Agilent Kalak computer system using 3365 Chemstation Version C.OO.O1 to interpret data 
is attached to the GC 

9.2 Micro syringes - 10 pL, 25 uL, 100 pL, 250 pL, 500 pL and 1,000 pL 

9.3 Volumetric flasks, Class A - 10 nL, 25 mL, 50 mL with ground glass stoppers 

9.4 Glass vials - 2-mL, [or GC auto sampler with Teflon-lined screw caps or crimp tops 

9.5 Amber glass vials - 10 mL, with Tcflon-lined screw caps 

10.0 REAGENTS AND STANDARDS 
The following reagents and standards are required to perform this procedure. When instructions are glven on how to prepare 
a specific volume of a reagent or standarc, larger or smatler volumes can be prepared as needed so long as the final 
concentrations remain the same. Any other ~leviations horn the reagents or standards listed in this SOP could be detrimental 
to the quality of the data produced. Such de~iations would have to be approved and documented (see 230 Corrective Action 
SOP). 

Instructions for labeling and record keeping of reagents and standards are contained in SOP 1010 Standard and Reagent 
Preparation. 

10.1 Analytical reagent grade chemicals shall be used in all tests. Unless otherwise indicated, all reagents shall 
conform to the specifications of the Committee on Analytical Reagents of the American Chemical Society, where 
such specifications are available. 

10.2 Organic-free reagent water - NI r:ferences to water in this SOP refers to Type I1 reagent water (in-house system). 
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10.3 Stock Standard solutions - Standard solutions can be prepared fiom pure standard materials or purchased as 
certified solutions. The routine laboratory practice is to purchase these standards from approved vendors. The 
standards used are: 01.ganochlorin: Pesticide Mix AB #2 (Restek catalog 8 32292) and Pesticides Surrogate Mix 
(Restek catalog #320DO). The standards used for the PCB stock solution are Aroclor 101611260 (Restek catalog 
#32039 or equivalent) and Pesticitles Sumogate Mix (Restek catalog # 32000). Stock standard solutions and QC 
solutions are stored at < -lO°C an1 must be replaced aker six months, or sooner if comparison with quality control 
check samples indicates a problem. Different Storage conditions and expiration dates of other solutions are noted 
as warranted. The Arcclors are prc-pared using the following purchased standards: Aroclor 1221 (Supelco Catalog 
#4-8098), Aroclor 1232 (Supelco Zatalog # 4-4805), Aroclor 1242 (Supelco Catalog # ), Aroclor 1248 (Supelco 
Catalog # ), Aroclor 1254 (Supelc I Catalog # ), Aroclor 1262 (Supelco Catalog # 4 4 8  10) and Aroclor 1268 
(Supelco Catalog # 5021 46). The 'Toxaphene stock standard is prepared using Supelco Catalog # 4-8243) and the 
technical Chlordane stock standanl is prepared using Supelco Catalog # 4-8699. 

10.3.1 Secondary Stock Standard !;elutions - These two solutions are made using the individual Stock Standard 
solutions. Using microliter syringes, the following amounts of each PesticideISurrogate Stock solution are 
injected into a 10 mL volun~etric flask containing 8 to 9 mL of hexane. The solution is brought to volume 
with hexane. The same procedure is used to make the PCB/Surrogate solution. The final concentration of 
each component is listed in Table 1. Note: these Secondary Stock solutions are the source solutions to 
prepare the calibration stanlards in Section 10.4. These standards are stored at - 10°C in 10 mL amber 
screw cap vials equipped with a Teflon lined caps. They are keshly prepared every six months, or sooner if 
check standards indicate a problem. 

Table 1 Secondary Stock Standard Solutions 

I i  I I 

I PCB Secondary Stock 

Conc. Stock 

Solution 
Aroclor 1016 
Aroclor 1260 

200 50 1 .O 
* Some analytes, that exhibit less sensitive responses, are at double the concentration, Methoxychlor is at 10 
times the concentration 

125 0.10 (0.20) (1.0) * 
200 10 0.20 

Vol. Stock 

(PL) 

10.4 Calibration standards - A minimum of five calibration standards are prepared. The low standard is the RL and 
above the MDL. The others defin? the worlung range of the GCIECD system. Calibration standards in cunent use 
for Pesticides: 0.005,0.010,0.025,0.050, and O.lOODg/ml. Some analytes are at double the stated concentrations. 
(Table 2). Note: The Secondary Stock Solution standard is also used as the high level calibration standard. 
Calibration standards in current use for PCBs: 0. I, 0.5, 1 .O, 1.5, and 2.0 pg/ml (Table 3). Using microliter 
syringes, the following amount ol'the Secondary Stock solution is injected into a 1 ml syringe. The solution is 
brought to volume wth hexane. 'The final concentration of each component is listed in Table 2 and Table 3. Each 
solution is transferred to an autosjmpler vial. Storage is as indicated in 10.1.4. The continuing calibration 
verification standards (CCVs) are prepared weekly and stored at 4OC. Levels 2, 3 and 4 are used for the CCVs. 

Final Conc. (pgtml) 

Pesticide Secondary 
Stock Solution 
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Tatmle 2 Pesticide Calibration Standards 

For the multipeak response organochlorine pesticides, initially inject the midpoint calibration level for the target analyte 
to assist in qualitative identification. Initial calibration is performed if qualitative identification of a multipeak response 
pesticide is made in a sample. To pe:-form the initial calibration, inject at least 3 concentration levels of separate 
standards for Technical Chlordane and Toxaphene into the gas chromatographic ,system. The following table provides 
guidance for concentration levels of .he commonly performed target analytes. At least one of the levels for the 
calibration standards corresponds to a :;ample concentration at or below the reporting limit. The remaining standards 
correspond to the range of concentrations found in actual samples but do not exceed the working range of the GC 
system. 

Level Volu ne (pL) 

Fir 
1 7;ne; 1 L;;?, LT~I 2 1 Le;: 3 1 L e i 1  4 1 Ly0l 5 

units in u mL 
Technical Chlordane 
Toxa hene 0. I 0.5 1.0 2.0 

Table 3: PCB Calibration Standards 1016 and 1260 

* Some analytes, thz t exhibit less sensitive responses, are at double the concentration, 
+ The surrogate conzentration 1s equal to the concentration in ( ) 

Volume (pL) 
hexane 

950 
900 
750 
500 

0 

Volume (pL) 
Secontlary Stock 

0.10 (0.01 

Final 
Concentration 

(pglml) * + 

, 0.010 0.005 (0.020) (0.0 10) 
0.025 (0.050) 
0.050 (0.10) 
0.10 (0.20) 

# The surrogate ccncentration is equal to the concentration in ( ) 

In addition, these calibration staudards can be used qualitatively to demonstrate that a sample does not contain 
peaks that represent any one of thm: seven reported Aroclors. 

A single midpoint standard of each of the other tive Aroclors are required to aid the analyst in pattern recognition. The 
Aroclor 101611260 standards have been used to demonstrate the linearity of the detector, the midpoint standard of the 
remaining five Aroclors is used to dete~mine the calibration factor for each Aroclor when qualitative identification of an 
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Aroclor is found in a sample. Preparation of the secondary stock standards is provided in the following table. The 
working standard is prepared by dilutin:; 100 uL of the secondary stock standard solution to a final volume of 1000 uL 
in Hexane. 

Aroclor Secondary Stock Standard Solutions 

p e  Surrogate 200 5 0  1 1 . 0 ~ 1  
I -- 

Aroclor 1242 1000 100 10.0 
200 50 1 .o 

Aroclor 1248 1000 100 10.0 1 
- 200 50 1 .o - 1 

Aroclor 1254 - 10.0 4 
200 JI 5 o 1 .o 

f -v-pr-j 
Pesticide Surrogate , 

10.5 Surrogate standards - Tetrachloro-meta-xylene (TCMX) and Decachlorobiphenyl (DCB) are the surrogates used 
for this method. Surrogate spike : olutlons are prepared using a stock standard solution purchased from Supelco 
(Cat. No. 4-8460 or equivalent). I b e  spike solution is prepared by injecting 500 pL of the stock standard solution, 
concentration of 200 pg/mL, into i 100 ml volumetric flask. The flask is diluted to the mark with acetone for a 
final concentration of' 1.0 pg/mL. All samples, blanks, LCSs, and MS/MSDs are spiked with 1.0 mL of the 
surrogate spike solution prior to ertraction. This standard is stored at < -lO°C in a glass vial with a Teflon lined 
screw cap. 

10.6 Pesticide Performance Check (PPZ) (Pesticide Breakdown Check Solution)- A hexane solution containing 4,4'- 
DDT and Endrin is used to verify injection port inertness and GC column performance. The breakdown standard 
used is Pesticide Performance Ev;tluation Mix w/ Surrogates (Restek Catalog #32074) Store at < - 1 O°C when not 
being used. Inject 1 IIL of this stsnchrd at  the start of every 12 hours of operation. 
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10.7 Laboratory Control Samplehlatk. Spike standards - The LCS/matrix spike compounds for Pesticides are aldrin, 
alpha-BHC, beta-BHC:, delta-BHC , gamma-BHC, p,p'-DDD, p,p'-DDE: p,p'-DDT, d~eldrin, endosulfan I, 
endosulfan 11, endosulfan sulfate, c:ndrin, endrin aldehyde, endrin ketone, heptachlor, heptachlor epoxide and 
methoxychlor. Pesticide samples vill be spiked at 0.25 pgisample, 8.33 ugkg for soil, 0.25 ugkg for waste 
dilutions and 0.25 pg/L for water. The LCSImatrix spike compounds for PCBs are Aroclor 1016 and Aroclor 
1260 unless otherwise client speci led. PCB samples will be spiked at 1.0 pglsample, 33.3 pgkg for soil, 1.0 
ug/mL. for waste dilutions and 1.0 pg/L for water. See SOP 3500 for soils and SOPS 3030 and 3040 for water for 
LCSiMatrix Spike Solutions preparation. These standards are stored at < -lO°C in a glass vial with Teflon lined 
screw cap. 

10.8 Initial Calibration Verification Standards - Standards prepared from a different source at the midpoint of the 
calibration to verify the initial calixation. These two solutions are made using the following individual Stock 
Standard solutions: TCL Pesticides Mix (Supelco Cat. # 4-891 3) and Pesticide Surrogate Spike Mix (Supelco Cat. 
# 4-8460 or equivalent; Aroclor 1016 (Supelco Cat. # 4-8097 or equivalent) and Aroclor 1260 (Supelco Cat. # 4- 
4809 or equivalent. Using microliter syringes, the following arnouns of each Pesticide/Surrogate Stock solution 
are injected into a 10 mL volumebic flask containing 8 to 9 mL of hexane. The solution is brought to volume with 
hexane. The same procedure is used to make the PCB!Surrogate solution. The fmal concentration of each 
component is listed in Table 4. Njte: these solutions are the Secondary ICV Stock source solutions to prepare the 
ICV Check Standards in Table 5. The Secondary Stock Standards are stored at < -lO°C. in 10 mL amber screw 
cap vials equipped with Teflon lined caps. They are freshly prepared every six months, or sooner if check 
standards indicate a problem. 

Table 4 Pesticide and PCBs ICV Secondary Stock Standards 

i I I 1 PCB Secondary ICV 

Conc. Stock 

(PJY~J) 

2000 
200 

Vol. Stock 

(uL) 

125 
50 

Aroclor 10 16 
Aroclor 1260 1000 

To prepare the ICV Check Standards: Using microliter syringes, the following amounts of the ICV Secondary 
Stock solution is injected into a 1 111 syringe. The solution is brought to volume with hexane. The final 
concentration of each component i:; listed in Table 5. Each solution is transferred to an autosampler vial. Storage 
is as indicated in 10.1.1. 

Final Conc. (pg/ml) 

Pesticide Secondary 
ICV Stock Solution 

0.10 
1 .O 

1 Pesticide Surrogate Mi(  1 2 00 I 50 

Table 5 Pesticide and PCBs ICV Calibration Check Standards 

100 
100 

1 .O 

Stock Solution 
10 
10 
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+ The st~rrogate conr:entration is equal to the concentration in ( ) 
ft The surrogate conc:entration is equal to the concentration in ( ) 

10.9 Acetone, hexane, isooztane, toluene and other appropriate solvents, pesticide quality or equivalent. 

10.10 Helium - LTHP grade 

10.1 1 Copper - Granular, J.T. Baker Catslog #1720-01 or equivalent. 

11.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

1 1.1 Containers used to collect samples for the determination of semivolatile organic compounds are glass: 1 Liter 
bottles for water samples and varic~us size jars for soil samples. They are equipped with screw caps with Teflon 
liners. Water samples containing ~esidual chlorine should be field treated to remove the chlorine prior to 
collection. Plastic containers or lids may NOT be used for the storage of samples due to the possibility of sample 
contamination from the phthalate c sters and other hydrocarbons within the plastic. 

1 1.2 Samples must be stored under rei? geration at between 0.1 and 6.0°C. Extraction must be within 7 days &om 
sampling date for water and 14 da:rs for solids. Sample extracts are stored in the dark at between 0.1 and 6.0°C 
and must be analyzed within 40 days of extraction. 

1 1.3 No chemical preservation is requued for this method. 

1 1.4 All samples are stored away fiom 111 standards, reagents, food, and other potentially contaminating sources in 
order to prevent cross contaminati w. 

12.0 QUALITY CONTROL 

The following details the QC requirements that apply to this analysis. Each Quality Control Indicator (QCI) provides 
information pertaining to either method or iedividual sample performance. Our goal is to produce defensible data of known 
and documented quality The re,;ults of thesc: Quality Control Ind~cator (QCI) samples are used to assess the acceptability of 
data. 

12.1 Blanks 
Method Blank analysis is perform:d to determine if any contamination is present in the analytical process and is 
used to evaluate acceptance of the batch of samples. A method blank shall be prepared once per preparation batch 
of 20 or less samples per matrix type. If more than 20 samples are prepared a second blank shall be prepared after 
the twentieth sample. The method blank shall be processed through all preparatory steps used for the samples, 
including cleanup procedures. Thl: blank shall be analyzed using the same instrument and conditions as the 
samples. 

The Solvent Blank, clean solvent injected into the GCtECD, is used to monitor the GCIECI) system for potential 
cross-contamination fiom one sample to another or for residual contamination in the system. 

12.2 Calibration Verification 
An Initial Calibration Verificatior, (ICV) standard containing all of the target analytes reported in this method 
(refer to section 10.9) shall be analyzed immediately after the completion of the initial calibration. The 1CV shall 
be purchased from a second source to verify analyte concentrations. 

12.3 Laboratory Control Sample (L43S) 

SOP 4020 I'EST-PCBs by GCJECD SW-846 808 1 A and 8082 
Revision 02 

November 27,2002 
Page lo of 33 

File: \\HamsonW\Quality Control\Qu;tlity Manual & SOPsWOOO Anaytical SOPs\SOP 4050 PCB-PESn4050 8081A-8082 PEST-PCB SOP rev02.doc 



Analysis Corporation: 

The LCS is used to evaluate the pe-fonnance of the total analytical system, ~ncluding all preparation and analysis 
steps. The LCS shall be prepared once per preparation batch of 20  or less samples per matrix type. If more than 
20 samples are prepared a second I,CS shall be prepared after the twentieth sample. The LCS shall be processed 
through all preparatory steps used 'or the samples, including cleanup procedures. The LCS shall be analyzed using 
the same instrument and condition:. as the samples. Refer to section 10.8 for LCS analytes and concentrations. 

12.4 Surrogates 
The surrogates used fix this methc,d are added to all samples, standards, and blanks. Refer to section 10.5 for 
preparation and conceiltration insbuctions. 

12.5 Duplicates 
Duplicates of field saniples or of tlte LCS must be prepared in compliance with the method requirements and client 
directives. Duplicate L.CS1s are prt:pared for sample wipes. It would be impractical to prepare a matrix spike and 
matrix spike duplicate Reproducitility performance would be the same as for a matrix spikelmatrix spike 
duplicate. 

12.6 Matrix Spike and Matrix Spike 1)uplicate (MSIMSD) 
MSlMSDs indicate the effect of th: sample matrix on the precision and accuracy of the results generated using the 
selected method. This infomatior does not determine the validity of the entire batch. MS/MSDs must be 
analyzed at a minimum of 1 per 2C samples per matrix per preparation procedure, or as specified by the required 
test method. If an MS/MSD pair i.; not analyzed in the preparation batch, an LCSILCSD pair is analyzed. 
Samples chosen for matrix spiking are rotated among different clients and/or different client projects. This is 
accomplished through communica .ion between the Department Manager and the analyst. In addition, designated 
samples, as indicated by client req lest or contract requirement, are matrix spiked. The MSMSD pair shall be 
processed through all preparatory aeps used for the samples. They shall be analyzed using the same instrument 
and conditions as the samples. Reler to section 10.8 for MS analytes and concentrations. Some clients may require 
different spiking levels andlor target analytes, these specific needs are documented on the request for analysis 
forms. 

13.0 CALIBRATION AND STANDARDIZATION 

13.1 GC Performance 

Because of the sensitivity of .he electron capture detector, the injection port and column should always be 
cleaned prior to performing the initial calibration. If the instrument has been idle for a few days, it may have to 
be primed by injecting a high level standard followed by a solvent blank. This may help to coat active sites on 
the column and determine if any residue elutes ftom the column. 

Each GCIECD system must be evaluated to meet the criteria of  6 1  5% breakdown of  4,4'-DDT and 5 1  5% 
breakdown of Endrin using the PPC solution in 10.6. Using the autosampler, inject 1 pL of the solution on to 
the column. Analyze the solution using the same instrument operational procedure as the samples. A custom 
report was written using the CfemStation software to automatically calculate pesticide breakdown. It is invoked 
by clicking on CustRpVPrint R:port after reviewing the pesticide b~eakdown injection. 
The following formulae are ust:d to calculate the percent breakdown: 

% breakdown of DDT = sum of de~radation peak areas (DDE -1- DDD) * 100 % 
sum of all peak areas (DDT + DDE + DDD) 

% breakdown of Endrin = sum of deeradation peak areas (aldehyde + ketone) * 100 % 
sum of all peak areas (Endrin + aldehyde + ketone) 
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Analyses must not begin until these criteria are met. If degradation exceeds criteria for either compound and/or 
poor chromatography is noted, the injection port may require cleaning. It may also be necessary to cut off an 
additional I0 to 20 cm of the ctpillary column. 

Note: the 12 how analytical I~atch period begins at the start of the PPC analysis (DDTIEndrin breakdown 
check) that is recorded as the cata acquisition start time on the data file. The last valid calibration standard in 
the ICAL must have a data acqtisition start time less than 12 hours 6om the start o f  the batch period. 

13.2 Initial Calibration (ICAL) 

13.2.1 Analyze I pL cpf each calibration standard and tabulate the area of  the analyte against concentration for each 
compound. Calculate Calitration Factors (CFs) for each compound in each calibration standard as follows: 

CF = A, /C, 
where: 

AS = Area of the peak for the compound being measured. 

C, = Concentration o:'the compound being measured (ng/pL = pg/mL = mg/L). 

13.2.2 Calculate the average calib~ation factor (c) for each compound as follows: 

where: CF = CF for eack of the calibration levels (i.e., 5) 
n = Number of CF values :i.e., 5) 

The initial calibration infor nation for the single peak response o r g a n o c h l o ~ e  pesticides, the multipeak 
response organochlorine pesticides and the Aroclors are stored in separate quantitation files for processing. 
The quantitation of multipeak organochlorine pesticides and aroclors are performed by pattern recognition 
and fingerprinting techniquzs using 5 peaks corresponding to major (>25% height of largest peak) 
components unique to the 1016/1260 mixture; 3 to 5 peaks for all other aroclors; and 4 to 6 peaks for 
multipeak response organo~:hlorine pesticides. If it is determined that one calibration level has an 
unacceptable response, thal level may be reanalyzed once. If any major changes are made to the system (e.g. 
column changed or detecto- cleaned), recalibration of the system must take place. 

13.2.4 Using the CFs born the initial calibration, calculate the percent relative standard deviation (%RSD) for the 
compounds as follows: 

To calculate %,RSD: %ISD = 100% x S D / ~  

where: 

%RSD = % Relative Standard Deviation 

- 
CF = average of initial CITs for a compound 
SD = standard deviation (u-1) of average CFs for a compound 

To calculate Standard Dev ation (n-1 degrees offreedom) 
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where: CF, - CF for each of the 5 calibration levels 
n ; Number of CF values (i.e., 5) 

13.2.5 Guidance: If the %RSD of any compound is > 30%, then the chromatographic system may be too reactive 
for analysis to begin. Checc the linearity test in Section 13.2.6 to determine if the calibration curve is 
acceptable (it will probably fail criteria of r 20.99). Clean or replace the injector andior capillary column, 
then repeat the calibration procedure beginning with section 13. I .  

13.2.6 Linearity - If the %RSD of iny compound is 20% or less, then the calibration factor is assumed to be 
constant over the calibratio I range, and the average calibration factor is used for quantitation. If the %RSD 
is greater than 20%, first orler linear regression is used. The calibration curve must meet the requirements 
for curve fitting Iisted in S\d-846 8000B and the correlation coefficient is X.99.  The equation is not 
forced through the origin. 

The regression will product: the slope and intercept terms for a linear equation in the 
form: 

where: 

y = Instrument response @t:ak area or height) 
a = Slope of the line (also called the coeficient of x) 
x = Concentration of the calibration standard 
b = The intercept 

13.2.7 Retention Tim(: Windows: See Attachment 3 for the procedure to establish Retention Time Windows. If, 
in the professional judgmer~t of the Department Manager or the Technical Manager, the calculated window 
is artificially too narrow a n l  the potential for reporting a false negative exists, the retention time window is 
expanded. 

13.2.8 PCB analysis: A minimum of 3 peaks must be chosen for each Aroclor, and preferably 5 peaks. The peaks 
must be characteristic of th: Aroclor in question. Choose peaks in the Aroclor standards that are at least 
25% of the height of the la~gest Aroclor peak. For each Aroclor, the set of 3 to 5 peaks should include at 
least one peak that is uniqu: to that Aroclor. Use at least five peaks for the Aroclor 1016/1260 mixture, 
none of which should be found in both of these Aroclors. Late-eluting Aroclor peaks are generally the most 
stable in the environment. NOTE: this same approach is used for the multi-component pesticide Technical 
Chlordane. Toxaphene is qlantitated using a total peak area summary. The individual concentrations for 
each peak are transferred to the LlMS software. The LlMS software is set up to add all the individual peaks 
and calculate tile average of all the multi-component peaks. The calculated average is used to determine, 
based on sample preparaticn values, the final concentration of the Aroclor or multi-component pesticide. 

13.2.9 Before sampl'e analysis can begin, a Initial Calibration Verification (ICV) (see Sec. 10.9) must be 
performed. The ICV resul~s must be within the acceptance criteria as established for the.CCV compounds 
(Section 13.3). 

NOTE: 
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1. All calibration curves ~nust have a unique identifier. It is recommended that the calibration date be 
incorporated into the identifier for easy reference. 

2. A11 initial calibration s~andards (Pesticide or PCBs) should be analyzed within 12 hours after the start 
time of the PPC check analysis. See also point #3. 

3. Calibration must be conpleted (all standard levels analyzed) within 24 hours or the entire calibration 
sequence must be repeated. If the calibration was not completed in the first 12 hour period, it may 
continue illto a second 12 hour period. Standard calibration levels from either 12 hour period can be 
used. An exception fo'lows: If the PPC check analysis does not pass criteria for the second 12 how 
period and major mai11:enance was done to the instrument or the instrument parameters were adjusted 
in order to obtain an acceptable PPC check analysis, the entire calibration sequence must be repeated. 

4. All initial calibration s andards must be analyzed as a group. No field sample analyses are allowed 
during the calibration. 'e q uence. 

5. Do not add calibration standards and update the curve after the original calibration date. 
6 .  Multiple analyses of the same calibration level are not allowed to be included in the calibration curve. 
7 .  Compound responses ( annot be selected from different analyses of the same calibration level (i.e. all 

compound responses for level 1 must come &om the same data file). 
8. If more than five calibration levels are analyzed, it is permissible to either drop the low compound 

concentration (poor rexponse) or the high compound concentration (detector saturation). It is not 
allowed to drop a poin: in the middle of the curve. 

9. If more than five calibration levels are analyzed, it is permissible to drop an entire level if the analyst 
can document a specific reason or reasons why that level should be excluded. Mechanical failure, 
siguificanl loss of all analyte responses possibly due to poor technique in standard preparation, or 
software nlalfunction curing data acquisition (system did not acquire all compound data) are plausible 
reasons. 'The reason mist be justified and documented. The supervisor should review this situation and 
approve the analyst's ciecision. 

10. The need ro analyze more than two analyses of the same calibration level indicates a potential problem 
with the secondary sto:k solution. Prepare a besh secondary stock solution and repeat all five 
calibration levels. It is recommended that all calibration standard levels come &om the same secondary 
stock solution. 

1 1. Manual integration must only be used if the software fails to properly integrate the peak. If manual 
integration is used for a particular compound, all levels of that compound do not have to be manually 
integrated, but all levels must he integrated in a similar manner. Example: the computer generated 
integration of a eompcund in the low level standard is not technically sound. A manual integration of 
the compclund is performed (due to baseline noise, etc) in order to achieve a technically sound 
integratioi~. Other levcis of the compound are integrated correctly by the computer. The manual 
integratiollof the low eve1 must match. as best as possible, the computer generated integrations for all 
other levels. 

12. If any conlpound in tho: mid-point level is manually integrated, the integration of this compound must 
be reviewed for every continuing calibration standard and QC check solution (i.e. LCS, and Matrix 
Spike) to ensure that the integration is the same as the manual integration performed in the initial 
calibration (ICAL) mill-point. A consistent manner of integration must be achieved. 

13. All manual integrations must be reviewed and approved at the supervisory level. 

13.3 Continuing Calibration Verifici~tion (CCY) 

13.3.1 The GC/ECD system must meet performance criteria every 12 hours during analysis of samples (see Section 
13.1). 

13.3.2 A continuing calibration verification (CCV) standard is analyzed every 12 hours during analysis of samples. 
Different stantlards are analyzed for the CCV such that a wider range of the calibration curve is verified. 
For example: on successivl: days analyze the Level2, then the Level 3 and on the third day, the Level 4 

SOP 4020 I'EST-PCBs by GC/ECD SW-846 8081A and 8082 
Revision 02 

November 27,2002 
Page 14 of 33 

File: \\Harriwn\d\Qual~ty Conlrol\Qu;~lity Manual & SOPsWOOO Anaytical SOPs\SOP 4050 PCB-PESn4050 808 1 A-8082 PEST-PCB SOP rev02.doc 



Analysis Corporation: 

standard solution. Compare he calibration factors and retention times from the CCV with the following 
criteria. 

13.3.3 Control limits for the CCV compounds are * 15% difference from the ICAL Calibration Factor (CF) if the 
average CF is wed for quan~itation, or * 15% drift fiom the true concentration of the CCV compound if 
linear regression is used. 

EXCEPTION: If this criterion is exceeded for any compound, use the approach described in Sec. 7 of EPA 
Method 8000B to calculate I he average percent difference across all compounds. If the average of the 
responses for all compoundr is within +I 5%: then the calibration has been verified. However, the 
conditions in Sec. 7 of EPA Method 8000B also apply, e.g., the average must include all compounds in the 
calibration, regzrdless of whether they are target compounds for a specific project, and the data user must 
be provided with the ca1ibra:ion verification data or a list o f  those compounds that exceeded the +IS% limit 

13.3.4 Compare the retention time ~f each compound in the calibration standard with the absolute retention time 
windows. The center of the .~bsolute retention time window for each compound is its retention time in the 
mid-concentration standard ~nalyzed during the initial calibration. Each compound in each standard must 
fall within its respective retention time window. If not, the gas chromatographic system must either be 
adjusted so that a second andysis of the standard does result in all compounds falling within their retention 
time windows, or a new init a1 calibration must be performed and new retention time windows established. 

13.3.5 If the CCV results obtained are outside the acceptance criteria, corrective actions must be performed. If 
routine corrective actions fail to produce an acceptable second con.recutive (immediutc;) CCV, then either 
the lab has to demonstrate performance after corrective action with two consecutive successhl CCVs, or a 
new lCAL must be perform1:d. If the instrument has not demonstrated acceptable performance, sample 
analyses cannot continue until a new lCAL is established and verified with an ICV. However, sample data 
associated with an unacceptsble CCV may be reported as qualified data under the following special 
conditions: 

13.3.5.1 When the acceptar ce criteria for CCV are exceeded high, i.e., high bias, and there are associated 
samples thal are nctn-detects, then those non-detects may be reported. Otherwise the samples 
affected by the un: cceptable calibration verification must be reanalyzed after a new ICAL has been 
established, evaluated and accepted. 

13.3.5.2 When the acceptarcce criteria for the CCV are exceeded low, i.e., low bias, those sample results 
may be reported if they exceed a maximum regulatory limitldecision level. Otherwise the samples 
affected by the unacceptable verification must be reanalyzed afler a new ICAL is established and 
verified with an IC V. 

13.3.5.3 When the accepta~~ce criteria for the CCV are exceeded and it is not possible to reanalyze the 
sample due to limited sample quantity AND a new sample cannot be obtained by the laboratory, 
the data may be reported with the appropriate data qualifiers if the client has been contacted and 
agrees, in writing. to accept the qualified data. 

13.4 Records: Initial and Continuing Calibration Records will contain, at a minimum, the following: 

1) Calibration date 
2) Test method 
3) Instrument 
4) Analysis date 
5) Each analyte name 

6 )  Analyst's initials or signature 
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7) Standard Concentration (appropriate units) and number of standards 
8) Response (appropriate units) 
9) Calibration curve or calibration factor 
10) Evaluation of and Statistics f i ~ r  ICAL curve fit in order to judge calibration curve acceptance 
11) Evaluation of and Acceptanct Limits for ICV analysis in order to judge calibration curve acceptance 
12) Evaluation of and Acceptance Limits for CCV analysis in order to judge continuing calibration acceptance 

13.5 Thermometers - The thermometer:; in the sample rekigerators and the standards freezer must be checked daily. 
They must meet performance criteria. 

14. PROCEDURE 

14.1 Sample Preparation 

14.1.1 Samples must be prepared In accordance with SOP 3500. 

14.1.2 Extract Cleanup: Extracts may be cleaned up by any of the following methods prior to GCIECD analysis. 
Fine powdered copper is ac.ded to all blank, LCS. MS, MSD and sample vials immediately prior to analysis. 
This is a preliniinary step ill sulfur cleanup. 

Compounds - SOPS 
Polychlorinated Biphenyls 3060,3070,3080,3330 
Pesticides 3060,3070,3330 

If  crystals of sulfur are preterit in the extract, then SOP 3070 (EPA Method 3660B) should be employed 
prior to Florisil cleanup. 

14.1.3 Direct Injection: In very linited applications direct injection of the sample into the GCJECD system with a 
10 pL syringe may be appr,~priate (see SOP 3050 for preparation). The reporting limit is very high 
(approximately 1 to 10 mgL); therefore, it is only applicable where concentrations in excess of 1 mg/L are 
expected. 

14.1.4 Extract Preparation: Sample extracts st~ould be at ambient temperature prior to use. If there is precipitation 
in any sample autosampler vial, notify the Department Manager prior to analysis to determine what 
approach to take. 

14.2 GC/ECD Analysis 

14.211 Instrument Conditions: The recommended GC/ECD operating conditions: 

initial temperature: 
Ramp 1 temperature progrilm 
Final temperature 1 : 

Ramp 2 temperature program 
Final temperature 2: 
injector temperature: 
Source temperature: 
Sample volumz: 
Carrier gas: 
Split flow: 
Makeup (ArNIe) Flow: 

140°C hold for 2 minutes 
10.O°C/min 
200°C hold for 0.0 minutes 

20 OCImin 
3 10 OC hold for 6.50 minutes 
250°C 
300 "C 

I PL 
llelium at 1.2 d m i n  
Spli tless 
60 muminute (constant) 
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14.2.2 Access the computer and crc:ate a batch sequence file. See Section 14.3 

14.2.3 Using the autos;impler, inject 1 pL of the PPC and inject 1 pL of the column performance check solution 
Evaluate using acceptance citeria. See Section 13.1 

14.2.4 Inject 1 pL of the Continuin; Calibration Verification Standard (CCV) and evaluate using CCV acceptance 
criteria. See Section 13.3. 

14.2.5 If all criteria are met, continle with sample analysis, injecting 1 pL of each extract, as outlined below. 

14.2.6 If the extract result exceeds the initial calibration curve range of the GC/ECD system, extract dilution is an 
option. lf  extract dilution is required, perform the appropriate dilution. Then the diluted extract is analyzed. 

14.2.7 Perform all qualitative anc quantitative measurements as described in Sections 14.4 and 14.5. After 
analysis, store tlle extracts UI the dark at 0.1- 6°C. 

14.3 Analytical Sequence 

START CHEMSTATIOPU' SOFT WARE: 

From NT Desktop: StartRrograms'MSD CbemStationlInstrument #l/Instnunent #I 

The software will locate the instrument and all peripheral equipment. Once the s o b a r e  is hl ly loaded there will 
be two windows visible. Window cne is the instrument control window. Instrument parameters are readily viewed 
from this window. The second winjow is the sequence control window. No instrument parameters are viewable 
from this window. 

SEQUENCE SETUP 

From menu: SequenceRun 
1. Set current date in Data File Directory space (ie., C:\MSDCHEM\l\DATA\060702\) 
2. OK (to save changes) 

From menu: SequenceEdit Sampk: Log Table 
1. Set data file name using current date using the following format MMDDYYlf# (ie., 06070201) 
2. Set up sequence order using the following format: (NOTE: Tune and CCV must always run first) 

1 via' 1 METHOD SAMPLENAME 1 
BAKEOUT 
PCB06 10 
PCB06 10 

I 6 I PCB0610 1 CCV PCB1254STD1.0 1 

BLANK00 1 
PE PESTEVAL 
CCV PESTSTD0.025 ~ - -  -~ 

PCB06 10 
PCB06 10 

PCB061 0 MBLK MB-4426PP 
PCB0610 
PCB0610 LCS LCS-4426-PEST 

- 

CCV PCBSTD1.O 
CCV PCB 1 242STD 1.0 

1 10 / PCB0610 1 SAMP 02 1 1034-001B 
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SAMP 02 1 1045-0 1 OA 
BAKEOUT BLANK002 
PCB06 10 PE PESTEVAL 
PCBOGl 0 CCV PESTSTD0.025-2 
PCB06 10 I ccv PCB- 
PCB06 10 ( CCV PCB1242SPD1 .O-2 \ 
PCB06 1 0 I CCV PCB 1 254S7PD 1 .O-2 
PCB0610 1 SAMP 021 1045-01 1A 

NOTE; The number of samples, including tune and CCV that can be analyzed within the 12 hour window varies 
with each analysis. Use rhis list as a ;pide but always check that the samples were analyzed within 12 hours of the 
PPC injection. 

PCBIPEST = 32 total samples 

3 .  OK (to save changes) 

From menu; Method/Set New Dcfault Paths 
1 .  Update the method and data file paths using the current date (ie., C:\MSDCHEM\l\DATA\060702\) 
2. OK (to save changes) 

Using Windows Explorer copy all or  the method files from the previous day's folder into the current day's folder 

TO START SEQUENCE: 

From menu: Sequence/l<uniRun Sccuence 

Start of the 12 hour sequence (as ~iocurnented as the datehime stamp on the data file for the PPC Standard): 

The analytical sequence for Initia Calibration is: * Solvent Blanks are optional if canyover is not an issue. 

Solvent Blank 
PPC Standard (breakdown check) 
Calibration standard (SI) Pesticices 
Calibration standard (S2) Pesticices 
Calibration standard (S3) Pesticic es 
Calibration standard (S4) Pesticic.es 
Calibration standard (SS) Pesticicles 
Toxaphene mid-point concentrati 3n standard (optional) 
Technical Chlordane mid-point cl~ncentration standard (optional) 
Initial Calibration Verification Stmdard (1CV)Pesticides 

Solvent Blank 
PPC Standard (breakdown check if also analyzing for Pesticides) 
Calibration standard (S1) PCBs 1016 / 1260 
Calibration standard (S2) PCBs 10 16 / 1260 
Calibration standard (S3) PCBs 10 16 / 1260 
Calibration standard (S4) PCBs LO1 6 / 1260 
Calibration standard (S5) PCBs 1016 / 1260 
PCB 122 1 mid-point concentration standard (optional) 
PCB I232 mid-point concentration standard (optional) 
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PCB 1242 mid-point concentratior standard 
PCB 1248 mid-point concentratior standard 
PCB 1254 mid-point concentratior standard 
Initial Calibration Verification Standard (ICV) PCBs 101 6 ! 1260 

The analytical sequence for Sampl: Analysis is: 

Start of first 12  hour period 

Solvent Blank* 
PPC Standard (breakdown check) :if analyzing for pesticides) 
Continuing Calibration Verification Standard (CCV) Pesticides (as per sample batch requirement) 
Continuing Calibration Verification Standard (CCV) PCBs (as per sample batch requirement) 
Method Blank (MB) 
LCS 
(LCS Duplicate opt io~~al)  
Sample #I  
Sample # l Matrix Spike (MS) 
Sample # I  Matrix Spike Duplicate (MSD) 
Sample #l  Laborator). Duplicate (,ptional) 
Samples #2, #3, etc. 
End of 12 hour period 

Start of second 12 hour period 

Solvent Blank* 
PPC Standard (breakdown check) (if analyzing for pesticides) 
(CC:V) Pesticides (as per sample batch requirement) 
(CCV) PCBs (as per sample batch requirement) 
Samples up to #20 
Method Blank (MB) 112 
r,cs #2 
(LCS #2 Duplicate optional) 
Sample #2 1 
Sample #2 1 Matrix Spike (MS) 
Sample #21 Matrix Spike Duplicate (MSD) 
Sample #21 Laboratory Duplicate (optional) 
Samples #22, #23, etc. 
End of 12 hour period 

14.4 Data Internretation - (lualitative Eaalysis 

14.4.1 An analyte is tentatively ider tified based upon Retention Time (RT). See Attachment 2 for approximate 
analyte retention times for both GC columns. Two criteria must be satisfied to verify identification: (1) 
elution of sample component at the same GC retention time (RT) as those of the standard component on the 
first column; and (2) elution of sample component at the same GC retention time (RT) as  those of the 
standard cornpollent on the s:cond (confirnational) column. Note. both columns must exhibit acceptable 
performance for the tentatively identified component (13.3). 
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14.4.2 PCB analysis: A m~nimum of 3 peaks must be chosen for each Aroclor, and preferably 5 peaks. The peaks 
must be characteristic of the ?\roclor in question. Choose peaks in the Aroclor standards that are at least 25% 
of the height ol the largest Ai.oclor peak. For each Aroclor, the set of 3 to 5 peaks should incIude at least one 
peak that is unique to that Ar3clor. Use at least five peaks for the Aroclor 101611 260 mixture, none of which 
should be found in both of thzse Aroclors. Late-eluting Aroclor peaks are generally the most stable in the 
environment. NOTE: this sa:ne approach is used for the multi-component pesticide Technical Chlordane. 
Toxaphene is quantitated usi~lg a total peak area summary. The analyst must use his professional judgment to 
determine if chromatographic: patterns are discernable and if they match those of known multi-component 
Aroclors or pesticides. The I>epartment Manager must also agree with the conclusions of the analyst. 

14.4.3 Comparison behveen results kom different columns. When sample results are confirmed using the two 
dissimilar columns, the agreement between the quantitative results should be evaluated after the identification 
has been confm~ed.  Calculate the relative percent difference (RPD) between the two results. If one result is 
significantly higher (e.g., >40%), check the chromatograms to see if an obviously overlapping peak is causing 
an erroneously high result. I 'no overlapping peaks are noted, examine the baseline parameters established by 
the instrument data system (cr operator) during peak integration. If no anomalies are noted, revlew the 
chromatographic conditions. If there is no evidence of chromatographic problems, report the higher result. 
This approach is conservativ~: relative to protection of the environment. The data user should be advised of 
the disparity between the resillts on the two columns. 

14.4.4 Closely eluting compounds: Sufficient GC resolution is achieved if the height of the valley between two 
peaks is less than 25% of the sum of the two peak heights. An exception to this guidance occurs for the 
compounds Endosulfan I anc p,p'-DDE (4,4'-DDE). Although the GC resolution may be minimal between 
the two, they are routinely re?orted as individual compounds. The Manual Integration SOP 1255 is used for 
guidance in the integration o'these two peaks and for other situations that may require.analyst efforts to 
correct computer generated i~tegrations that are not technically sound. 

14.4.5 Identification is hampered w len sample components are not resolved chromatographically or coelute. When 
gas chromatographic peaks cbviously represent more than one sample component (i.e., a broadened peak 
with shoulder(s) or a valley lletween two or more peaks), the analyst must use his professional judgment to 
determine the presence/abse~~ce of the target compound and its concentration. Or the elevation of the 
reporting limit that would inclicate a level at which the compound concentration could not exceed. The 
Department Manager must a so agree with the conclusions of the analyst. 

14.4.6 Confmational analysis: Note: Confinnational analysis is required for GC analysis methods of organic 
compounds unless stipulated in writing by the client. For this GC method, dual dissimilar column analyses 
are employed to verify the cc~mpound identification and quantitation when results greater than the reporting 
limit are detected on a sample horn a location that has not been previously tested by the laboratory. Note that 
confirmations are documentc d and included with the initial analysis. 

14.4.6.1 The routine labon~tory approach: Identify the analyte and calculate its concentration firom one 
colunm and confi:m the analyte identification and concentration using data from the second 
(confirmational) column. The following may also be employed: 
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14.4.6.2 GCIMS confirmation may be used if the concentration is sufficient for detection by GC/MS using a 
SIM mode for qua. itative screening purposes. GCIMS confirmation should be accomplished by 
analyzing the same extract that is used for GC/ECD analysis and the extract of the associated 
method blank. The base/neutral/acid extract and the associated blank may be used for GCMS 
confirmation if the surrogates and internal standards do not interfere and if it is demonstrated that 
the an;dyte is stabll: during acid/base partitioning. However, if the compounds are not detected in 
the base/neutraYacid extract, then GC/MS analysis of the pesticide extract must be performed. A 
QC reference sam~Je containing the compound must also be analyzed by GUMS. The 
concentration of the QC reference sample must demonstrate that those pesticides identified by 
GCIECD can be cc,nfirmed by GCMS. 

14.4.6.3 Confirmation is by using GC/MS SIM mode: A solution containing the compound in question at a 
known concentration is injected into the GC/MS and analyzed. The retention time and a major ion 
are determined. The sample extract is then injected and analyzed to confirm the presence of the 
compound. If present, the GC analysis concentration is reported unless, in the professional 
judgment of the G(:/MS analyst, the GC concentration is > twice the estimated GC/MS value. 
Further analysis can be performed to clarify the data or all data can be reported to the client. 

14.4.6.4 As noted in Secticn 14.4.6.1, the laboratory confirms positive findings for the single peak 
response analytes lrom the second (confmatlonal) column. GChIS quantitation is not performed 
unless specifically required by the pertinent regulatory authority or per client project requirements. 

14.5 Data Interpretation - Ouantitative ,halvsis 

14.5.1 Once a compound has beet identified, the quantitation of that compound is based on its response (peak 
area). 

14.5.2 If the RSD of an analyte's average calibration factor is <IS%, then the concentration in the extract is 
determined using the average calibration factor (CF) from initial calibration data. If the RSD of an analyte's "t* 

average calibration factor is > IS%, linear regression is used to determine the concentration (13.2). 

14.5.3 PCB analysis: The followii~g information is taken directly from EPA Method 8082 Sections 7.7.3 and 7.9: 

7.7.3 When samples are anzlyzed from a source known to contain specific Aroclors, the results &om a 
single-column imalysis may be confirmed on the basis of a clearly recognizable Aroclor pattern. This 
approach should not be attempted for samples &om unknown or unfamiliar sources or for samples that 
appear to contain mixtures of Aroclors. In order to employ this approach, the analyst must document: 

The peaks that were evaluated when comparing the sample chromatogram and the Aroclor standard. 

The absence of major peacs representing any other Aroclor 

The source-specific inforr~ation indicating that Aroclors are anticipated in the sample (e.g., historical data, 
generator knonlledge, etc.). This information should either be provided to the data user or maintained by 
the laboratory. 

7.9 Quantitation of PCBs a:; Aroclors 

The quantitation of PCB residues as Aroclors is accomplished by comparison of the sample chromatogram 
to that of the most similar k~oclor  standard. A choice must be made as to which Aroclor is most similar to 
that of the residue and whether that standard is truly representative of the PCBs in the sample. 
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7.9.1 Use the ~ndividual Ar xlor  standards (not the 10 1611 260 mixtures) to determine the pattern of peaks 
on Aroclors 122 1, 1232,1242,1248, 1254,1262 and 1268. The patterns for Aroclors 10 16 and 1260 will 
be evident in the mixed calibration standards. 

7.9.2 Once the Aroclor pattzm has been identified, compare the responses of 3 to 5 major peaks in the 
single-point calibration star dard for ?hat Aroclor with the peaks observed in the sample extract. The amount 
of Aroclor is c:ilculated using the individual calibration factor for each of the 3 to 5 characteristic peaks 
chosen in (this SOP Sectior 14.4.2) and the calibration model (linear or non-linear) established kom the 
multi-point calibration of tt e 101611 260 mixture. A concentration is determined using each of the 
characteristic peaks and then those 3 to 5 concentrations are averaged to determine the concentration of that 
Aroclor. 

7.9.3 Weathering of PCBs :n the environment and changes resulting horn waste treatment processes may 
alter the PCBs to the point ha t  the pattern of a specific Aroclor is no longer recognizable. Samples 
containing more than one Proclor present similar problems. If the purpose of the analysis is not regulatory 
compliance mc-nitoring on the basis of Aroclor concentrations, then it may be more appropriate to perform 
the analyses using the PCB congener approach described in this method (EPA Method. 8082). If results in 
terms of Aroclors are requi-ed, then the quantitation as Aroclors may be performed by measuring the total 
area of the PC13 pattern anc. quantitating on the basis of the Aroclor standard that is most similar to the 
sample. Any p:aks that are not ideniifiable as PCBs on the basis of retention times should be subtracted 
&om the total area. When quantitation is performed in this manner, the problems should be fully described 
for the data ust:r and the sp1:cific procedures employed by the analyst should be thoroughly documented. 

14.6 Record the following information in the appropriate logbook or data file. Include any deviations hom this 
procedure. Analyst initials, date cf  analysis, sample number or ID, initial sample volume or weight processed, 
final extract volume, calibration s~andard sample or solution identifier, QC sample or solution identifier, surrogate 
solution identifier, any dilution in:'ormatian, readings from support equipment, data file name, instrument method 
name, visual observations, and an:{ other information as deemed necessav. 

14.7 Troubleshooting 

The expenence of the analyst per brming GC/ECD analyses is invaluable to the success of the methods. Each day 
that the analysis is performed, the daily calibration standard (CCV) must be evaluated to determine if the 
chromatographic system is opera ing properly. Quest~ons that must be asked: Do the peaks look normal? Is the 
response obtained comparable to the response kom previous calibrations'? Careful examination of the standard 
chromatogram can indicate whetler the column is still good, the injector is leaking, the injector septum needs 
replacing, etc. If any major changes are made to the system (e.g. column changed or  detector cleaned), 
recalibration of the system must hke  place. 

14.8 Routine Maintenance - Record all maintenance 

14.8.1 Daily, or as needed accord ng to sample throughput, change the septum and or the Injection port liner. 
Trim a short section Erom the analytical column as necessary. Alternatively, the use of a guard column 
helps to protect the analytical column kom residue buildup. A short section, 10 to 20 cm, of  the guard 
column may be trimmed as to improve column perfomlance. 

14.8.2 Clean the detector on an as needed bzsis (loss of sensitivity). Follow the manufacturer's instructions. 

14.8.3 lnspect the autosampler sy-inge for wear; replace as necessary. 

14.8.4 Check the carrier gas supp: y: replace as necessary. 
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15. DATA REDUCTIONS, CALCULATIONS, AND LOADING 

15.1 The data system performs the calc~llations 

15.1.1 If the %RSD of an analyte's calibration factor is 15% or less, then the concentration in the extract 
may be determined using the average calibration factor (CF) fiom the initial calibration data (13.2) and 
the following equation: 

where: 

A, = Area of the peak for the compound being measured. 
C,,- Concentration oj'the compound being measured in the extract (ng/pL = pg/mL = mg/L). 

15.1.2 Alternatively, linear regression (,Set. 13.2) may be used for determination of the extract concentration. 

15.2 Compute the concentration of the imaiyte in the sample using the equations in Secs. 15.2.1 and 15.2.2. 

15.2.1 The concentration of t  ie analyte in the liquid samples is calculated using the concentration ofthe 
analyte in the extract and the volume of liquid extracted, as follows: 

Concentration in liquid (pg/L) ; C, * Vr * 1000 
v, 

where: 

Vf = fmal extract volume in mL (includes any dilution volumes) 
V, = initial volume of liquid extracted, in mL. 

15.2.2 The concentration of the analyte in the solid sample is calculated using the concentration of the analyte 
in the extract and the weight of the solid extracted, as follows: 

Concentration in solic (mg/Kg) = CE * VI 
w , 

or 
Concentration in solic. (pg/Kg) = C= * Vr * 1000 

w , 
where: 

V, = fmal extract vo'urne in mL (includes any dilution volumes) 
Wi - initial sample weight, in g. 

For soil samples rep0 ted on dry weight basis, divide the Concentration by the decimal equivalent of 
the Percent Solids. Fl>r example: a sample contains 90% solids, thus 

Concentration in solitl (mg/Kg) dry weight = C? * VI 
Wi * 0.90 
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15.3 The procedure for uploading data into the LIMS system is detailed in SOP 1400 LIMS 

16. METHOD PERFORMANCE 

Demonstration of Cauabilitv (DOC) 

All parameters of interest must meet the method acceptance criteria before actual sample analysis begins. See SOP 1230 
Training for the procedure to perform and dozument the DOC. The DOCS for the analysts performing this method are located 
in the analysts' training form folders located in the QA office files. 

A quality control (QC) reference concentraie is required. For the single componznt Pesticides, the concentration is 0.25 
pg/mL in acetone. For the PCBs 101611263, the concentration is 10 pg/rnL in acetone. The sources of the QC reference 
samples are the 1CV Stock Solutions listed in Section 10.9. The QC reference samples are made using stock standards 
prepared independently from tho:se used for calibration. 

For each analyte calculate the mean rzcovery (X) and standard deviation (s) and the average % Recovery (%R). 
Compare X and s and %R with the corresponding acceptance criteria for accuracy and precision, respectively. Note: For 
the single component Pesticides, X must be within 0.075 and 0.375 pglL and s must be less than 0.0625 pglL and %R 
must be within 30 and 150%. For the E'CBs 101611260, X must be within 3.0 and 15 pglL and s must be less than 2.5 
pg/L and %R must be within 30 and 153%. These limits are taken from the EPA CLP Statement of  Work (SOW) for 
Organic Analyses Revision OLM04.2 hIay 1999. If X and s and %R for all analytes meet the acceptance criteria, the 
system performance is acceptable and a~ialysis of actual samples can begin. If any inhvidual X or %R falls outside the 
range for accuracy or any individual s exceeds the precision limit, then the system performance is unacceptable for that 
analyte and corrective action must be taken. 

Comparison to Reference Method Data 

EPA Method 8000B provides guidance for tke establishment of control limits for the LCS and MS QC samples. Recovery 
limits of  70% to 130% are provitied as initial benchmarks for performance (8000B Szction 8.5.4). These limits are designed 
for a wide variety o f  organic test methods. Ir dividual analyte performance may vary. The control limits stated in Section 18 
of this SOP are referenced fiom the CLP Statement of Work (SOW) for Organic Analyses Revision OLM04.2 May 1999. 

In-House Control Limits 

Method performance data is or1 file in the laboratory QC department. Comparison of  method performance data for the 
laboratory to the reference method criteria occurs when laboratory in-house acceptance limits are generated. In-house 
generated data is compared to the specifications of  the reference method. If the in-house limits are within the specifications o f  
the reference method, the control limits ale updated in LIMS. If the in-house limits are not within specifications, an 
investigation is performed to determine the ~:ause(s) of the problem and a corrective action is completed. The analysis may 
continue until enough data points are collect.:d to regenerate new control limits. Any QC data generated outside of  reference 
method limits during that time frame, is flagged. 

The laboratory maintains performance reccrds to document the quality of data that is generated. Method accuracy for 
samples is assessed and records maintained. After the analysis o f  20 laboratory control samples and surrogates, calculate the 
average percent recovery (R) and the standarl deviation of the percent recovery (S). 

Control limits for the method parameters are generated by the QC staff and distributed to the analysts via updates to the LIMS 
control charts. The coi~trol limits are calculated based on in-house performance data. At a minimum, these limits are updated 
annually. 
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17. POLLUTION PREVENTION 

The preparation of excessive volumes of laboratory reagents and standards shall be avoided so that waste and potential for 
pollution are minimized. Samples, reagent; and standards shall be disposed in compliance with the lab waste disposal 
program, SOP 1 130. With the consent of the client, the samples may be returned to their origin for treatment. 

Uncontaminated paper waste, glars and cans : hould be separated for recycling. Laboratory staff are required to protect the 
laboratory's and our clients' business information when disposing recycled paper or waste from the facility. 

18. DATA ASSESSMENT AND CRITERIA FOR QUALITY CONTROL MEASURES 
Data assessment includes review of: proper sample condition, preservation, and storage; analysis within holding time 
limitations; deviations kom the SOP, evaluati~n of performance based or in-house control limits, reference method limits or 
project specific limits. 

The laboratory must maintain recl~rds to document the quality of data that is generated. Ongoing data quality checks are 
compared with established performance criteria to deterpine if the results of analyses meet the performance characteristics of 
the method. When results of sample spikes indicate atypical method performance, a calibration verification standard is used to 
confirm the measurements were performed in an in-control mode of operation. The data review is conducted according to 
SOP 1250 Data Review. 

18.1 Blanks 

If the blank exceeds the RL (usually tlie lowest calibration standard or specifically defined in this test method SOP), 
the source of contamination must be iwestigated and corrective actions taken. The analyte concentrations in the 
method blank of an extraction batch must be less than the RL's listed in Attachment 1. If this criteria is exceeded, re- 
analyze the method blank. If after re- ~nalysis, the blank criteria is still exceeded, then the entire extraction batch must 
be re-extracted. Always refer to a clicnt specific QAPP for additional guidance. 

Affected samples must be reprocessec. and reanalyzed or Data must be appropriately qualified i f  

1) The concentratior~ of a targeted analyte in the blank i s  at or above the reporting limit as established by the 
SOP or by regularion, is greater than 1/ 10 of the amount measured in any sample. 

2) The blank contamination otherwise affects the sample results as per the test method requirements or the 
individual project data quality objectives. 

18.2 Laboratory Control Samples (LCS) 

The results of the individual batch LCS are calculated m percent recovery (%R) and compared to established 
acceptance cnteria kom the EPA CLP Statement of Work (SOW) for Organic Analyses Revision OLM04.2 May 
1999. If the LCS is outside the ac1:eptance criteria, see Tablc 4 for current acceptance criteria, the analytical 
system is "out of cont1.01". Any afFectted samples associated with an out of  control LCS must be reprocessed and 
reanalyzed or the results reported vith appropriate data qualifiers. If after re-analysis the control criteria has not 
been met, the entire extraction batch must be re-extracted. Always refer to a client specific QAPP for additional 
guidance. 
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Table 4: LCS 

Water Soil 
% Recovery % Recovery 

1 Heptachlor Epoxide 30 - 150 3 0  150 

1 Endosulfan I1 30- 150 30 -- 150 

Dieldrin 

Endrin 

18.3 Surrogates 

30 - 150 Endosulfan I 

18.3.1 The results of the individual Surrogate compounds are calculated in percent recovery (%R) and are 
compared to established acceptance criteria from the CLP Statement of Work (SOW) for Organic Analyses 
Revision OLM04.2 May 19'39. Surrogates outside the acceptance criteria, see Table 5 for current 
acceptance criteria, must be evaluated for the effect indicated for the individual sample results. 

30 - 150 
30 - 150 
30- 150 
30 - 150 

Table 5: Surrogates 

30- 150 
30 - 150 
30 - 150 

Surrogate Co npound 
% Recove % Recove 

30-150 30-150 
30-150 

If surrogate recoveries are not w thin the established acceptance criteria, proceed as follows (SW-846 8000B): 
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1) Check to be sure that there ?re no errors in the calculations, surrogate solutions or internal standards. If 
errors are found, recalculat~: the data accordingly. Examine chromatograms for interfering peaks and 
integrated peak- areas. 

2) Check instrumc:nt performance. If an instrument performance problem is identified, correct the problem and 
re-analyze the extract (or re-analyze the sample for volatiles). 

3) Some samples may require dilution in order to bnng one or more target analytes within the calibration range 
or to overcome significant rnterferences with some analytes. This may result in the dilution of the surrogate 
responses to the point that the recoveries cannot be measured. If the surrogate recoveries are available from 
a less diluted or undiluted E liquot of the sample or sample extract, those recoveries may be used to 
demonstrate that the surrog~tes were within the QC limits, and no Further action is required. However, the 
results of both the diluted and undiluted (or less-diluted) analyses should be provided to the data user. 

4) If no instrument problem is found and if sufficient sample is available, the sample should be rezxtracted 
and re-analyzed. 

18.3.2 If, upon re-analysis (in eith:r 2 or 4 above), the recovery is again not within limits, report the data as an 
"estimated concentration." If the recovery is within the limits. in the re-analysis, provide the re-analysis data 
to the data user. If the holc ing time for the method has expired prior to the re-analysis, provide both the 
original and reanalysis results to the data user, and note the holding time problem. 

18.4 Duplicates 

The results from laboratory Dlplicates are designed to assess the precision of analytical results in a given 
-matrix and are expressed as relative percent difference (RPD). See the STAT QAM, Section 5.4 for the 
calculation for RPD. Results $re compared to established acceptance criteria as listed in the MSlMSD tables 6 
and 7. For duplicates results outside established criteria corrective action must be documented or the data 
reported with appropriate dan qualifying codes. 

For this test method, the anal>sis of the MSlMSD pair is used for determination of method precision. 
Duplicate LCS samples will bz analyzed for all matrices where it would be impractical to perform a MSIMSD, 
such as wipe samples. Precision data from Tables 6 and 7 will be used for RPD acceptance criteria for 
LCSILCSD. 

18.5 Matrix Spikes 

18.5.1 The results'from MSMSD are primarily designed to assess the precision and accuracy of analytical results 
in a given matrix and are erpressed as percent recovery (%R) and relative percent difference (RPD). See 
the STAT QAV, Section 5.4 for the calculation for RPD. Results are compared to established acceptance 
criteria from the CLP Statement of Work (SOW) for Organic Analyses Revision OLM04.2 May 1999. For 
matrix spike results outsid~: established criteria corrective action must be documented or the data reported 
with appropriate data qualifying codes. 

18.5.2 Tables 6 and 7 show the compounds spiked, the levels and the current QC criteria for soils and water 
samples. 
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rable 7: Matrix Spikes - Water 

Table 6: Matrix Spikes - Soil 

Compounc 

Alpha-BHC 
Beta-BHC 
Gamma-BHC 
Delta-BHC 

Hcptachlor 
Aldrin 
Heptachlor Eipoxide 
Endosulfan 1 
Dieldrln 
P,P'-DDE 
Endrin 
Endosulfan 11 

; 
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Compound 

Alpha-RHC 
Beta-BHC 
Gamma-BHC 
Delta-BHC 
Heptachlor 
Aldrin 
Heptachlor Epoxide 
Endosulfan I 
Dieldrin 
P,P'-DDE 
Endrin 
Endosulfan I1 
P,P'-DDD 
Endrin Aldehyde 
Endosulfan Sulfate 
P,P7-DDT 
Endrin Ketone 
Methox ychlor 
Alpha-Chlordane - 
Gamma-Chlordane 
Chlordane, Technical 
Toxaphene 
Aroclor 1016 
Aroclor 1260 
Aroclors 1221, 1232, 124 
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I Methoxychlor 0.50 1 25 1 30-150 1 

Endosulfan Sulfate 

I Aroclors 1221, 1232, 1242, 1248, 1254 ( I 

18.6 Other 

0.50 
0.50 
0.50 

The laboratory will analyze standard reference materials and participate in relevant performance evaluation studies 
quarterly. 

19 CORRECTIVE ACTIONS FOB. OU'T-OF-CONTROL DATA 

2 5 
2 5 
2 5 

The process for handling unacceptable and out of control data is found in SOP 230 Corrective Action. 

30-1 50 
30-1 50 
30- 150 

If the CCV, MB,LCS/LCSD, MSMSD, lab tluplicate, surrogate, or [some other QC: sample] recovery of any parameter falls 
outside the designated acceptance range, the laboratory performance for that parameter is judged to be out of control, and the 
problem must be immediately identified and corrected. The analytical result for that parameter in the samples is suspect and is 
only reported for regulatory compliance purjloses with the appropriate corrective action form. Immediate corrective action 
includes reanalyzing all affected samples by lsing any retained sample before the expiration of the holding time. Final data 
results must be qualified in the cl~ent report filr reported results not meeting tht: laboratory defined criteria. 

1) Review standards preparation logbooks. Check all calculations and ensure dilution factors are properly recorded. 

2)  Re-prepare the suspectcd standard or QC sample to identify possible preparation errors of the standard or QC 
sample. 

3) Re-Analyze h e  samples when the or LCS are not within acceptable limits. 

4) Perfom] routine preventative maintenance following manufacturer's specification. Record all maintenance in the 
instrument logbook. 

20 CONTINGENCIES FOR HAN1)LTNG OUT-OF-CONTROL OR UNACCEPTABLE DATA 

Every effort is made to prcvent problems fiom occurrmg. When out of control or unacceptable data occurs the fust option is 
to identi& the problem and reanalyze the sjmples within the holding times. When this is not possible, the QA Manager 
and/or the Laboratory Director reviews dat;i and discusses options with the client. Reanalysis or reporting the data with 
qualification are alternatives. Out of contro or ui~acceptable data reported to the client must include the data qualifier, flag 
and discwsion on the rationale for reporting. 
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Holding time exceedence, improper preservation and improper sample condition or storage are noted on the corrective action 
form and included on the final report. 

Review the CCV standard response, LCS r:sult, and surrogate recovery for acceptable performance for each batch of 
samples. Record any trends or ul~usual perfo mance on a corrective action form. Final data results must be qualified in the 
clrent report for results not meeting the Iaboralory defined criteria. 

Manual integration must be minimized for skndards, reagent blanks and surrogates. Routine manual integration of the same 
parameters indicates a system performance problem. Correct this problem or note in the instrument analysis logbook the 
suspected causes for routine manual integration. Sign and date all manually integrated chromatograms. 

20.1 The process for handling unacceptable and out of control data is found in the Laboratory QAM Section 1 1. The 
reporting of data that is out of cclntrol must be approved and documented by Quality Assurance Manager and 
either the Technical Manager or th: Laboratory Director. 

20.2 Client Requested Modifications: 

20.2.1 Clients must request modifications ffom the laboratory SOP in writing to the lab 

20.2.2 The lab director, technica manager and quality assurance manager will evaluate the requested client 
deviations, determine the fmsibly of the deviation and the potential effects on the data. 

20.2.3 If it is determined that the lab will perform the requested deviations, lab director, technical manager and 
quality assurance manager will decide if a method validation study is required. 

20.2.4 The designated project mar.ager will retain all documentation concerning the requested deviation, including 
all correspondence with the client, in the client folder. 

20.2.5 The final analytical report must include the statement "This repoH has analyses performed using client 
I-equested mod;,cations ". 

21 WASTE MANAGEMENT 

The STAT Analysis Corporation Waste Dlspxal SOP 1130 identifies proper waste management practices for the chemicals 
and biological materials used in  his procedure. Samples are stored and discarded accordance with SOP 1130 Waste 
Disposal. 

22 REFERENCES 

Method 8081A and 8082, Rev sion 3, December 1996; U.S. EPA SW-846 "Test Methods for Evaluating Solld 
Waste, PhysicaVChemical Methods" Update 111, December 1996 
STAT SOPs for sample prep: 3030,3040,3210,3050 
STAT Extract Cleanup SOPs: :~060,3330 
STAT SOPs: 4050, 1210 [sup~ort equipment, recordkeeping, MDLs, etc] 
SOP 230 Correcthe Actions 
SOP 10 10 Standard and Reage ~t Preparation 
SOP 1400 LlMS 
SOP 1130 Waste Disposal 
SOP 003 Chemical Hygiene Plm 
SOP 1250 Data Review 
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22.1 1 Manufacturers' Equipment Instnlction Manuals 
22.12 SOP 1255 Manual Integration 
22.13 SW-846 8000B Determinative Chromatographic Separations 
22.14 SOP 1230 Training 
22.15 "USEPA Contract Laboratory 'rogram Statement of  Work for Organic Analysis" Revision OLM04.2 May 

1999, U. S. Environmental Protcctlon Agency. Office of Solid Waste. Washington DC 20460. 

23 FORMS, FIGURES, TABLES, DIAGRAMS, FLOWCHARTS, ATTACHMENTS OR 
VALIDATION DATA 

Attachment 1 : MDLs and Reporting Limits 
Attachment 2: Retention Times 
Attachment 3: Procedure for Esta~lishing Retention Time Windows 

ATTACHMENT 1: MDLs and ]Reporting Limits 

MDLs and REPORTING LIlMITS for SEMIVOLATILE COMPOUNDS (Attachment 1) 

I CASN 1 Compounds 
MDL RL RL MDL RL RL 

319-85-7 1 Beta-BHC / 0.020 1 0.050 1 0.00005 1 0 . 0 0 2 ~  1 1 0.000008 1 
3 19-86-8 ( Delta-BIiC 0.030 / 0.00005 1 0.002 0.000008 
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58-89-9 Gamma-RHC (Lindan 
72-55-9 P,P'-DDE 
72-54-8 P,P'-DDD 
50-29-3 P,P'-DDT 
60-57-1 Dieldrin 

959-98-8 Endosulfan I 
332 12-65-9 Endosulfan I1 
103 1-07-8 - Endosulfan Sulfate 
72-20-8 Endrin 

742 1-93-4 Endruldehyde - 

53494-70-5 Endrin Ketone 
76-448 Heptachlor 

1 5 103-74-2 1 Gamma-Chlordane / 0.025 1 0.500 1 0.0005 1 0.002 1 0.008 1 0.000008 1 
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ATTACHMENT 2: Retention Times 

RETENTION TIMES for SINGLE RESPONSE COMPOUNDS 
Retention Time Retention Time Compountls 
(rnin.) Column 1 (min.) Column 2 

1 1 1 TCMX (surrogate) - 7.89 6.37 

Aldrin 
11.71 10.55 

Gamma-Chlordane 10.71 
12.09 10.87 

1 1 ( Endosdfan I 12.16 1 1.03 
t2 1 P,P'-DDE -. 12.25 I 10.99 

Fndrin Aldehyde 
13.78 12.43 
13.58 12.69 1 ii 1 E n d n n ( K e t o ~ -  1;:l; 12.96 

DCB surrogate] 1 13.87 ___ 
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ATTACHMENT 3: 

PROCEDURE for ESTABLISHING RETENTION TIME WINDOWS 
EPA METHOD 8000B SECTION 7.6 (Attachment 3) 

7.6 Retention time windows are crucial to the identification of target compounds. Retention time windows are established to 
compensate for minor shifts in absolute retention times as a result of sample loadings and normal chromatographic variability. 
The width of the retention time window shoultl be carehlly established to minimize the occurrence of both false positive and 
false negative results. Tight retention time wil~dows may result in false negatives andlor may cause unnecessary reanalysis of 
samples when surrogates or spiked compound:; are erroneously not identified. Overly wide retention time windows may result 
in false positive results that cannot be confin:d upon hrther analysis. 

7.6.1 Before establishing retention time windt~ws, make sure that the chromatographic system is operating reliably and that 
the system conditions have been optimized for the target analytes and surrogates in the sample matrix to be analyzed. Make 
three injections of all single component standird mixtures and multi-component analytes (such as PCBs) over the course of a 
72-hour period. Serial injections or injection: over a period of less than 72 hours may result in retention time windows that 
are too tight. 

7.6.2 ' ~ e c o r d  the retention time 611 each single component analyte and surrogate to three decimal places (e.g., 0.007). 
Calculate the mean and standard deviation of the three absolute retention times for each single component analyte and 
surrogate. For multi-component analytes, chcose three to five major peaks (see the determinative methods for more details) 
and calculate the mean and standard dcviatior of those peaks. 

7.6.3 If the standard deviation of-the retenti01 times for a target compound is 0.000 (i.e., no difference between the absolute 
retention times), then the laboratory may either collect data from additional injections of standards or use a default standard 
deviation of 0.01 minutes. (Recording retention times to three decimal places rather than only two should minimize the 
instances in which the standard deviation is c;tlculatecl as 0.000). 

7.6.4 The width of the retention time window for each analyte, surrogate, and major constituent in multi-component analytes 
is defined as * 3 times the standard deviation of the mean absolute retention time established during the 72-hour period. If the 
default standard deviation in Sec. 7.6.3 is emdoyed, the width of  the window will be 0.03 minutes. 

7.6.5 Establish the center of the retention time window for each analyte and surrogate by using the absolute retention time for 
each analyte and surrogate from the calibration verification standard at the beginning of the analytical shift. For samples run 
during the same shift as an initial calibration, use the retention time of  the mid-point standard o f  the initial calibration. 

7.6.6 The laboratory must calculate absolute retention time windows for each analyte and surrogate on each chromatographic 
column and instrument. New retention time windows must be established when a new GC column is installed. The retention 
time windows should be reported with the analysis results in support of the identitications made. 

7.6.7 If the instrument data system is not capable of employing compound-specific retention time windows, then the analyst 
may choose the widest window and apply it lo all compounds. As noted above, other approaches may also be employed, but 
must be documented by the analyst. 

7.6.8 The surrogates are added to each sample, blank, and QC sample and are also contained in each calibration standard. 
Although the surrogates may be diluted out elf certain sample extracts, their retention times in the calibration standards may be 

,useful in tracking retention time shifts. Whenever the observed retention time of a surrogate is outside of the established 
retention time window, the analyst is advised to determine the cause and correct the problem before continuing analyses. 
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1.0 IDENTIFICATION OF TES'r METHOD 

SOP Title: Chlorophenoxy Herbicides by HPLC (EPA Method 8321A). 

2.0 APPLICABLE MATRICES 

Methylene chloride, ether and organic solvent extracts from soil, sediment, ground and surface water, 
and mobility extracts are analyzetl using this method. 

3.0 DETECTION LIMITS 

The lab follows the procedure foiind in 40CFR Part 136B to determine the MDL for each matrix type on 
an annual basis. See the STAT Analysls SOP 1210 Method Detection Limits for the MDL procedure, 
frequency and acceptance criteria. The MDL's measured by the lab and all supporting documentation 
are in the laboratory QA files for review. 

The laboratory determined MDI, must always be less than the reporting limit (RL), which may be 
determined by the lowest calibration standard. The RL's will usually range from three to ten times the 
laboratory measured MD1,'s but this relationship may vary depending upon dilution of sample aliquots, 
matrix interferences, moisture adjustments (in solid samples), or method-specified requirements. 
Attachment 1 contains the curren; MDLs and reporting limits (RL's) for this SOP. 

4.0 SCOPE AND APPLICATION 

4.1 This standard operating proced~re describes in detail the precise methods used at STAT Analysis 
Corporation for the analysis of environmental samples For Chlorophenoxy Herbicides by HPLC. This -*- 

SOY as written is to be applied when SW-846 Method 8321A is requested. This SOP is used to determine 
the concentration of herbicides in extracts prepared from all types of solid waste matrices, soils, and 
ground water. 

4.2 This SOP can be used to quantitate herbicides that are soluble in methylene chloride, ether and other 
organic solvents and are capable of being eluted without derivatization as sharp peaks from a liquid 
chromatographic column. See P.ttachment 1 for a list of compounds that have been evaluated on the 
specified HPLC system. 

4.3 The reporting limits (RL's) for .:his SOP are shown in Attachment 1 for soils and water. RL's will be 
proportionately higher for sample extracts and samples that require dilution or reduced sample size to 
avoid saturation of the detector. 

4.4 This method is restricted to use sy or under the supervision of analysts experienced in the use of a High 
Performarlce Liquid Chromatograph (HPLC) and skilled in the interpretation of chromatograms. Each 
analyst must demonstrate the ability to generate acceptable results with this method. 
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5.0 SUMMARY OF TEST METHOD 

5.1 Prior to using this method, the samples must be prepared for the HPLC using the appropriate sample 
preparation and cleanup SOPs (Section 14.1). Solid samples are extracted at acidic pH with methylene 
chloride. Aqueous san~ples are ertracted at acidic pH with ether. This method describes chromatographic 
cond~tions that will allow for the separation of the compounds in the extract and for their qualitative and 
quantitative analysis by high performance liquid chromatography. Identification of target analytes is 
accomplished by comparing co~ponent  retention times to those of authentic standards. Quantitation 1s 
accomplished by comparing the rzsponse of the peak area using a five-point calibration curve. 

5.2 Method Modifications from Reference - A daily Continuing Calibration Verification (CCV) must be 
analyzed on the same day as analysis of samples. EPA Method 8321A requires that a calibration curve be 
generated on the same day as analysis. This SOP is based on EPA Method 8321 A except that only the 
chlorinated phenoxyaeid compounds are reported. m s  lab does not report the other compounds. 

6.0 DEFINITIONS 

The STAT Analysis Quality Manual Section 19.0 contains all the definitions of standard terms used in 
SOPs. 

7.0 INTERFERENCES 

7.1 Raw IIPLC data from all blanks, samples, and spikes must be evaluated for interferences. Determine if 
the source of interference is in the preparation andlor cleanup of the samples and take corrective action to 
eliminate the problem. 

7.2 Contamination by carryover can occur whenever high-concentration and low-concentration samples are 
sequentially analyzed. To reduce: carryover, the sample syringe must be rinsed out between samples with 
solvent. Whenever an unusually concentrated sample is encountered, the sample after it must be 
reanalyzed to check for cross cor~tamination. 

8.0 SAFETY 

Methylene chloride is a suspected carcinogen as are numerous compounds analyzed by this method. 
Ether is extremely flammable and an anesthetic. Only use ether in a properly functioning fume hood. 
Proper personal protective equipment including safety glasses, nitrile gloves and a lab coat are required 
during different parts of this rneihod. Other safety precautions must be conducted in accordance with the 
SOP 003 Chemical Hygiene Plan. Other actions can also be applied if deemed necessary. A reference 
file of Material Safety Data Shet:ts (MSDS) is available to all personnel involved in this method. 

9.0 EQUIPMENT AND SUPPLIES 
'L'he following apparatus is reco~nmended for performing this procedure Equivalent items can be used, if 
with their use, the analytical and QA/VC requirements in this SOP can be met. All catalog numbers in 
this SOP are current as of the ef:ective date and thereafter subject to change. 
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9.1 High Performance Liquid Chromatography System ,(- 

9.1.1 Liquid Chromatograph(LC ) - Agilent I 100 with a Vacuum Degasser (G1322A), Quarternary 
Pump (G 13 1 1 A), Autosampler (G13 13A), Fluorescence Detector (G1321A), Variable Wavelength 
Detector (G 13 14A) and a Column Heater (G 1 3 16A) 

9.1.2 Column - 5Om x 4.6rnm, 3 jm particle size, (Restek Ultra Aqueous Cl8, Cat# 91 78355) 
9.1.3 Data system - An Agilent Kayak computer system using Chemstation for LC Version A.09.03 

[ I  41 71 to collect data is attached to the LC. An Agilent Kayak computer system using ChemStation 
version C.OO.OO is used to quantitate the data. 

9.2 Micro syringes - 10 PI,, 25 pL, 100 pL, 250 pL, 500 pL and 1,000 pL. 

9.3 Volumetric flasks, Class A - 10 r L ,  25 mL, 50 mL with ground glass stoppers. 

9.4 Glass vials - 2-mt, for GC auto sampler with Teflon-lined screw caps or crimp tops. 

9.5 Amber glass vials - 10 mL with Teflon-lined screw caps 

10.0 REAGENTS AND STANDARDS 
The following reagents and stardards are required to perform this procedure. When instructions are 
given on how to prepare a specific volume of a reagent or standard, larger or smaller volumes can be 
prepared as needed so long as the final concentrations remain the same. Any other deviations from the 
reagents or standards listed in this SOP could be detrimental to the quality of the data produced. Such 
deviations would have to be approved and documented (see SOP QA 230 Corrective Action). Equivalent 
items can be used, if with their use, the analytical and QNQC requirements in this SOP can be met. 

a .  

Instructions for labeling and record keeping of reagents and standards are contained in SOP 1010 
Analytical Standards and Reagents Receipt and Preparation. 

10.1 Analytical reagent grade chemicals shall be used in all tests. Unless otherwise indicated, all reagents 
shall conform to the specifications of the Committee on Analytical Reagents of the American Chemical 
Society, where such specificaticns are available. 

10.2 Standards 
10.2.1 At least one of the standards must be traceable to a NIST traceable source when available. The 

manufacturer should include a certificate of analysis for each standard. If one is not provided, 
contact the rnanufactu~:r. Retain all certificates in the designated binder (see SOP 1010 
Analytical Standards ancl Reagents Receipt and Preparation). 

10.2.2 Standards must be prepared volumetrically using class-A volumetric glassware, calibrated 
micropipettes, or gas tiglit syringes. Do not use disposable pipettes to prepare standards. 

10.2.3 The use of alternative siandards will be allowed as long as the analytical and quality objectives 
of this SOP can be met. 

10.3 Organic-free reagent water - ,411 references to water in this SOP refers to Type II reagent water (in- 
house system). 
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10.4 Mobile Phase - Phosphoric Acid solution 0.05%. Prepare by adding 50 mL of 10% Phosphoric Acid 
(VWR Catalog # VW-3346-1) to a 1000 ml volunietric flask. Dilute to volume with reagent water. 
Store at room temperature. 

10.5 Stock Standard solutions - Standard solutions can be prepared from pure standard materials or 
purchased as certified solutions {e.g. SV standards). The routine laboratory practice is to purchase these 
standards from approved vendors. The standards used are: Chlorinated Acids by HPLC, Mix A (Restek 
Catalog # 32431), Chlorinated 4cids by HPLC, Mix 6 (Restek Catalog # 32430), Herbicide Mix #2 
(Restek Catalog # 32056) and Herbicide Surrogate Mix (Restek Catalog # 32049). Stock standard 
solutions and QC solutions are stored at < -10°C and must be replaced after six months, or sooner if 
comparison with quality control check samples indicates a problem. Different storage conditions and 
expiration dates of other solutior~s are noted as warranted. 

10.5.1 Secondary Stock Standa~d Solution - 'I'his solutioll is made using the individual Stock Standard 
solutions. Using microliter syringes, the following amounts of each Stock Standard solution is 
injected into a 10 mL volumetric flask. The solution is brought to volume with acetonitrile. The 
final concentration of eac h component is listed in Table 1. 
Note: this Secondary Stock Standard solution is also used as the high-level calibration standard. 
It is also the source solutton to prepare the calibration standards in Section 10.6. This standard is 
stored at < -10°C in a 10 mL amber screw cap vial equipped with a Teflon lined cap. It is 
freshly prepared every si < months, or sooner ifclleck standards indicate a problem. 

Table 1 Secoodary Stock Standard Solution 

10.6 Calibration standards - A minirnum of five calibration standards are prepared. The low standard is the 
RL and above the MDL. The others define the working range of the LC system. Calibration standards 
in current use: 0.1, 0.5, 1 .O, 5.0,7.5 and 10.0 pglml. (Table 2). Using microliter syringes, the following 
amount of the Secondary Stoc:~ solution is injected into a 1 ml syringe. The solution is brought to 
volume with methanol. The final concentration of each component is listed in Table 2. Each solution is 
transferred to an autosampler vial. Storage is as indicated in 10.5.1. The continuing calibration 
verification standarcls (CCV) are prepared weekly and stored at 4OC. LeveIs 2, 3 and 4 (0.5, 1 .O, 5.6 
pg/mL) are used for the CCVs. 
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Table 2 Calibration Standards 

Final 

1 I0 

( ) Co~lcentration of Dalapon 

10.7 Laboratory Control Samplehfatrix Spike standards - The LCSJmatrix spike compounds listed in Table 
3.  Samples will be spiked at 1.0 ugkample, 0.033 mg/Kg for soil and 0.001 mg/L for water (see SOP 

(l 3500 for LCSIMatrix Spike Solution preparation). This standard is stored at < -10°C in an amber 
glass vial with a Teflon lined sc:rew cap. 

Table 3. ICV Secondary Stock (LCS/MSMSD )Standard Solution 

1 Compound I ~ o n c .  stock I ~ o l .  stock 1 Final Conc. 1 

2,4-DB acid 

10.8 Surrogate Standard - The arrogate standard is 2,4-dichlorophenyl acetic acid. Surrogate stock 
solution is purchased from P,ccuStandard (Cat. No. 5-ACES-8150B-SS, store at room temp until 
dilution is prepared). The spike solution is prepared by diluting 1000 pL of the stock standard into a 
lOOmL volumetric flask. The flask is diluted to the mark with acetone for a finaI concentration of 1.0 
pg/mI,. All samples, blanks, LCS's, and MS/MSDs are spiked with 1.0 mL of the surrogate spike 
solution prior to extraction. This standard is stored at < -10°C in an amber glass vial with a Teflon 
lined screw cap. 

Picloram 
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1.0 
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100 
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1 .o 
1 .o 
1 .o 
1 .O 
1 .o 
1 .o 
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10.9 Initial Calibration Verification Standard - A standard prepared from a different source at the midpoint 
of the calibration to verify tht: initial calibration. The solution is made using the custom ICV Stock 
Standard solution (Supelco Ca:alog # 20481237). Using microliter syringes, 100 p1 of Stock Standard 
solution is injected into a 10 m L  volumetric flask. The solution is brought to volume with acetonitrile. 
The final concentration of eack component is listed in Table 3. This standard is stored at < -lO°C. 

10.10 Acetone, hexane, acetonitrile, methanol, diethyl ether and other appropriate solvents, pesticide quality 
or equivalent. 

11.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

1 1.1 Containers used to c~llect  samples for the determination of herbicides are glass: 1 Liter bottles for water 
samples and various sizes of j;us for soil samples. They are equipped with screw caps with Teflon 
liners. Water samples containing residual chlorine should be field treated to remove the chlorine prior 
to collection. Plastic containers or lids may NOT be used for the storage of samples due to the 
possibility of sample contamination from the phthalate esters and other hydrocarbons within the plastic. 

11.2 Samples must be stored under refrigeration at between 0.1 and 6.0°C. Extraction must be within 7 days 
from sampling date for water and 14 days for solids. Sample extracts are stored in the dark at between 
0.1 and 6.0°C and must be anal;~zed within 40 days of extraction. 

11.3 No chemical preservation is required for this method. 

11.4 All samples are stored away from all standards, reagents, food, and other potentially contaminating 
sources in order to prevent cross contamination. 

12.0 QUALITY CONTROL 

The following details the QC requirements that apply to this analysis. Each Quality Control Indicator 
(QCI) provides information pertaining to either method or individual sample performance. Our goal is 
to produce defensible data of known and documented quality. The results of these Quality Control 
Indicator samples are used to ar:sess the acceptability of data. 

12.1 Blanks 
Method Blank analysis is performed to determine if any contamination is present in the analytical 
process and is used to evaluat: acceptance of the batch of samples. A method blank shall be prepared 
once per preparation batch of 20 or less samples per matrix type. If more than 20 samples are prepared 
a second blank shall be prepared after the twentieth sample. The method blank shall be processed 
through all preparatory steps used for the samples, including cleanup procedures. The blank shall be 
analyzed using the same instrument and conditions as the samples. 

The Solvent Blank, clean ace~onitrile injected into the HPLC, is used to monitor the HPLC system for 
potential crosscontamination from one sample to another or for residual contamination in the system. 
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12.2 Calibration Verification 
An Initial Calibration Verification (ICV) standard containing all of the target analytes reported in this 
method (Attachment 1) shall be analyzed immediately after the completion of the initial calibration. 
The ICV shall be purchased from a second source to verify analyte concentrations. 

12.3 Laboratory Control Sample (LCS) 
The LCS is used to evaluate the performance of the total analytical system, including all preparation 
and analysis steps. The LCS :;hall be prepared once per preparation batch of 20 or less samples per 
matrix type. If more than 20 szmples are prepared a second LCS shall be prepared after the twentieth 
sample. The LCS shall be processed through all preparatory steps used for the samples, including 
cleanup procedures. The LCS shall be analyzed using the same instrument and conditions as the 
samples. Refer to section 10.7 Ior LCS analytes and concentrations. 

12.4 Surrogate 
The surrogate used for this method is added to all samples, standards, and blanks. Refer to section 10.8 
for preparation and concentratil~n instructions. 

12.5 Duplicates 
Duplicates of field samples or of the LCS must be prepared in compliance with the method 
requirements and client directives. Duplicate LCS's are prepared for sample wipes. It would be 
impractical to prepare a matri:; spike and matrix spike duplicate. Reproducibility performance would 
be the same as for a matrix spilrelmatrix spike duplicate. 

12.6 Matrix Spike and Matrix Spike Duplicate (MSMSD) 
MSIMSD's indicate the effect of the sample matrix on the precision and accuracy of the results 
generated using the selected ~ilethod. This information does not determine the validity of the entire 
batch. MSRMSDs must be aralyzed at a minimum of 1 per 20 samples per matrix per preparation ** 

procedure, or one per preparation batch, or as specified by the required test method. For cases where 
the sample cannot be divided ~:e.g., wipes, air samples, not enough sample provided by customer) and 
thus a MS/MSD pair cannot be prepared in the preparation batch, an LCSLCSD pair is prepared and 
analyzed to measure precision. 

Samples chosen for matrix spiking are rotated among different clients andlor different client projects. 
This is accomplished through communication between the Department Manager and the analyst. In 
addition, designated samples, 3s indicated by client request or contract requirement, are matrix spiked. 
The MSIMSD pair shall be processed through all preparatory steps used for the sampies. They shail be 
analyzed using the same instrument and conditions as the samples. Refer to section 10.7 for MS 
analytes and concentrations. Some clients may require different spiking levels andlor target analytes, 
these specific needs are docurr.ented on the request for analysis forms. 
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13.0 CALIBRATION AYD STAh DARDIZATION 

13.1 Initial Calibration (ICAL) 
13.1.1 Analyze 10 pL of each calibration standard and tabulate the area of the analyte against 

concentration for each compound. CaIculate calibration factors (CF's) for each compound in 
each calibration standard as follows: 

CF=  &- 
cx 

where: 
Ax = Area of the cornpound being measured. 

c, = Concentration $)f the compound being measured (ngIpL = pg/mL = mg/L). 

13.1.2 Calculate the average response factor (CF) for each compound as follows: 

- 
CF = (C CF, to CF,)In 

where: CF = CF for each of the calibration levels (i.e., 6) 
n = Number of RF values (i.e., 6) 

13.1.3 Calibration Check Compound (CCC) responses are monitored to check the integrity of the 
system. The CCCs are i-111 compounds reported by this method. Refer to Attachment 1 for a 
complete compound list. 

Using the CF's from tf e initial calibration, calculate the percent relative standard deviation 
(%RSD) for the Calibration Check Compounds (CCC). 

To calculate O,/oRSD: '%RSD = 100% x SDICF 

where: 
%RSD = % Relative Standard Deviation 

CF = average of initial 13Fs for a compound 
SD - standard deviation (n-I) of average CFs for a conlpound 

To calculate Standard Deviation (n-1 degrees of freedom) 

SD = N /Z! 

where: CFi =CF for each of the 6 calibration levels 
n = Number of RF values (i.e., 6) 
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13.1.4 Linearity - If the %RSD of any compound is 20% or less, then the relative response factor is 
assumed to be constant ewer the calibration range, and the average relative response factor is 
used for quanlitation. If the %RSD is greater than 20%, use first order linear regression. The 
calibration curve must mzet the requirements for curve fitting listed in SW-846 8000B and the 
correlation coefficient is a . 9 9 .  The equation is not forced through the origin. 

13.1.5 Retention Times: The I;-etention Times (RT) of each compound in each calibration standard 
should be within + 0.03 RT units. 

13.1.6 Before sample analysis czn begin, a Initial Calibration Verification (ICV) (see Sec. 10.9) must be 
performed. The ICV res~lts  must be within the acceptance criteria as established for the CCV 
compounds (Section 13.2 I .  

NOTES: 
1. All calibration curve:; must have a unique identifier. It is recommended that the calibration 

date be incorporated into the identifier for easy reference. 
2. Calibration must be completed (all standard levels analyzed) within 24 hours or the entire 

calibration sequence must be repeated. 
3. All initial calibratior standards must be analyzed as a group. No field sample analyses are 

allowed during the calibration sequence. 
4. Do not add calibration standards and update the curve after the original calibration date. 
5. Multiple analyses of the same calibration level are not allowed to be included in the 

calibration curve. 
6. Compound responses cannot be selected from different analyses of the same calibration level 

(i.e. all compound reiponses for level 1 must come from the same data file). 
7. If more than five calibration levels are analyzed, it is permissible to either drop the low 

compound concentr;ltion (poor response) or the high compound concentration (detector 
saturation). It is not allowed to drop a point in the middle of the curve. 

8. If more than five cal:.bration levels are analyzed, it is permissible to drop an entire level if the 
analyst can document a specific reason or reasons why that level should be excluded. 
Mechanical failures, significant loss of all andyte responses possibly due to poor technique 
in standard preparaiion, or software malfunction during data acquisition (system did not 
acquire all compoc.nd data) are plausible reasons. The reason must be justified and 
documented. The supervisor should review this situation and approve the analyst's decision. 

9. The need to analyze more than two analyses of the same calibration level indicates a 
. potential problem with the secondary stock solution. Prepare a fresh secondary stock 

solution and repeat all calibration levels. It is recommended that all calibration standard 
levels come from tht: same secondary stock solution. 

10.- Manual integration must only be used if the software fails to properly integrate the peak. lf 
manual integration is used for a particular compound, all levels of that compound do not 
have to be manually integrated, but all levels must be integrated in a similar manner. - 

Example: the computer generated integration of a compound in the low level standard is not 
technically sound. A manual integration of the compound is performed (due to baseline 
noise, etc) in order lo achieve a technically sound integration. Other levels of the compound 
are integrated correctly by the computer. The manual integration of the low level must 
match, as best as pojsible, the computer generated integrations for all other levels. 
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1 1 .  If any compound ill the mid-point level is manually integrated, the integration of this 
compound must be reviewed for every continuing calibration standard and QC check 
solution (i.e. LCS, and Matrix Spike) to ensure that the integration is the same as the manual 
integration performed in the initial calibration (ICAL) mid-point. A consistent manner of 
integration must be achieved. 

12. All manual integrations must be reviewed and approved at the supervisory level. 

13.2 Continuing Calibration Verification (CCV) 

13.2.1 A continuing calibration verification (CCV) sample is analyzed before samples and after every 
20 samples during analysis. Different standards are analyzed for the CCV such that a wider range 
of the calibration curve is verified. For example: on successive days analyze the 1 pg/mL, then 
the 5 pg/mL and on the third day, the 7.5 pg/mL standard solution. Compare the response factors 
of the with the following criteria: 

13.2.1.1 Control limits for I he CCC compounds arc rt 20% difference from the TCAI. Response 
Factor (RF) if the .werage RF is used for quantitation, or * 20% drift from the true 
concentration of the CCV compound if 1inez.r regression is used. 

13.2.1.2 If the CCV results obtained are outside the acceptance criteria, corrective actions must be 
perfomled. If routine corrective actions fail to produce an acceptable secotld consecutive 
(immediate) CCV, then either the lab has to demonstrate performance after corrective 
action with two consecutive successful CCVs, or a new ICAL must be performed. If the 
instrument has not demonstrated acceptable performance, sample analyses cannot continue 
until a new ICAL IS established and verified with an ICV. However, sample data 
associated with an unacceptable CCV may be reported as qualified data under the 
following special conditions: 

13.2.1.2.1 When the acceptance criteria for CCV are exceeded high, i.e., high bias, and there 
are associatc:d samples that are non-detects, then those non-detects may be reported. 
Otherwise the samples affected by the unacceptable calibration verification must be 
reanalyzed after a new ICAL has been established, evaluated and accepted. 

13.2.1.2.2 When the acceptance criteria for the CCV are exceeded low, i.e., low bia:;, those 
sample results may be reported if they exceed a maximum regulatory limit/decision 
level. Otheiwise the samples affected by the unacceptable verification must be 
reanalyzed after a new ICAL is established and verified with an ICV. 

13.2.1.2.3 When the acceptance criteria for the CCV are exceeded and it is not possible to 
reanalyze the svnple due to limited sample quantity AND the laboratory cannot 
obtain a new sample, the data may be reported with the appropriate data qualifiers if 
the client hz:s been contacted and agrees, in writing, to accept the qualified data. 
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13.3 Records: 
Initial and Continuing Calibraton Records will contain, at a minimum, the following: 

1) Calibration date. 
2) Test method. 
3) Instrument. 
4) Analysis date. 
5 )  Each analyte name. 
6 )  Analyst's initials or signature. 
7) Standard Concentration (appropriate units) and number of standards. 
8) Response (appropriate units). 
9) Calibration curve or rejponse factor. 
10) Evaluation of and Statistics for ICAL curve fit in order to judge calibration curve acceptance. 
11) Evaluation of and Acceptance Limits for ICV analysis in order to judge calibration curve 

acceptance. 
12) Evaluation of and Acc13ptance Limits for CCV analysis in order to judge continuing calibration 

acceptance. 

13.4 Thermometers 
The thermometers in the sample refrigerators and the standards freezer -must be checked daily. They 
must meet performance criteria. 

14.0 PROCEDURE 

14.1 Sample Preparation 
14.1 . I  Water, soil, sediment and waste samples must be prepared by SOP 3500 Extractions of Samples , 

for Organic Analyses (EPA Methods 3510C, 3520C, 3550B, 3580A, 8151A) prior to HPLC 
analysis. 

14.1.2 Direct hjection: In very limited applications direct injection of the sample into the HPLC 
system with a 10 pL syinge may be appropriate (see SOP 3500 for preparation). The reporting 
limit is very high (approximately 101) to 1000 mg/L); therefore, it is only applicable where 
concentrations in excess of 100 mg/L are expected. 

14.1.3 Extract Preparation: Sainple extracts should be at ambient temperature prior to use. 
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14.2 HPLC Analysis 
14.2.1 Instrument Conditions: 

conditions: 
Detector Wavelength: 
Sample volume: 
Column: 
Guard Colurm~: 
Column Flow: 
Column Temperature: 
Stop Time: 

Solvents: 
Solvent A: 
Solvent B: 
Solvent C: 
Solvent D: 

'The recommended HPLC with Variable Wavelength Detector operating 

225 nm 
10 pL 
Ultra Aqueous C18, 150 x 4.0mm, 5 pm (Restek Catalog # 
Pelliguard LC-1 8 (Supelco Catalog # 59654) 
1.0 muminute 
10 OC 
26.0 minutes 

Water 
Acetonitrile 
0.05% Phosphoric Acid 
Isopropanol 

Gradient Program: 

14.2.2 Access the computer and create a batch sequence file. Refer to section 14.3 for instructions. 

14.2.3 Inject 10 pL of the Continuing Calibration Verification Standards (CCV) and evaluate using 
CCV acceptance criteria. See Section 1 3.2. 

14.2.4 If all criteria are met, ccntinue with sample analysis, injecting 10 pL of each extract, as outlined 
below. 

DILUTION PROCEDIJRE 

1. Clean a Iml syringe eq~ipped with a luer lock needle with rinse and clean solvent. (Acetonitrile) 
Fill syringe with clean solvent such that there is sufficient volume remaining for the dilution 
volume (see Table 4) a ~ d  remove the needle. Place the needle on the counter top such that the tip 
of the syringe is elevated. 

2. Clean an appropriate syringe (see Table 4) with rinse and clean solvent. Expel excess solvent by 
pumping plunger several times. Puncture the sample vial with the syringe needle and withdraw 
the sample into the syringe. 

3. Remove the syringe from the sample vial and insert the needle into the barrel of the lml syringe. 
Inject the sample into the clean solvent. Hold the 1-ml syringe so that the tip is up and gently 
push up on the plunger .:o remove excess air fioni the barrel. 
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4. Replace the needle on the 1-rnl syringe and add sufficient clean solvent to a final volume of 1 ml. 
Transfer the entire contents of the syringe into a labeled sample vial. Cap vial. 

'rable 4 STANDARD DILUTIONS 

Sample Volume Total Volume p , L !  
100 1000 
5n I nnn 

14.2.5 Perform all clualitative ;md quantitative measurements as described in Sections 14.4 and 14.5. 
After analysis, store the zxtracts in the dark at 0.1 - 6°C. 

14.3 Analytical Sequence 

START CHEMSTATION SOFTWARE: 
From NT Desktop: StaflrogramsIMSD ChemStation/Instrument #l/Instrument #1 

The software will locate the irstrument and all peripheral equipment. Once the software is filly loaded 
there will be one window visible. All instrument and sequence controls are accessed through this one 
window. 

Check the solvent bottles on lop of the instrument to ensure that there is sufficient solvent to last for 
the entire sequence. If necessary, fill bottles with appropriate solvent and adjust the bottle level in the "% 

software. In the Method and Run Control panel select InstrumenUMore PumpIBottle Filling.. . and 
adjust the fill levels to the appropriate amount. 

From Method and Run Control panel select InstrumentISystem On to start the pump and the detectors. 

SEQUENCE SETUP 
From menu: SequenceISequence Parameters 

1. Set current date in Prefi:: and Subdirectory space (i.e., 060704) 
2. OK (to save changes) 

From menu: SequenceISequence Table 
1. Set up sequellce order using the fcllowing format: (NOTE: CCVs must always run first) 

LOCATION SAMPLE: NAME 

Vial 1 BLANK ACN r r  
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Vial 18 0405123-012~ ( HERB0330 1 1 I Lpp SAMPLE 1 

Vial 5 1 . . - 

1 1:s-9513-HERB 
Vial 6 0405 123-001 A 

NOTE: The number of' samples, including CCV's that can be analyzed within the 12-hour 
window varies with each analysis. Use this list as a guide but always check that the samples were 
analyzed within 12-hour:; of the first CCV injection. 

2. OK (to save changes) 
3. Save the sequence to thl: current subdirectory by selecting SequenceISave Sequence As ... I and 

renaming the sequence to match the current subdirectory name (i.e., 060704.s). 
4. Save the method to the current subdirectory by selecting SequenceISave Method As ... 1 and 

saving the method to the current subdirectory. 

HERB0330 
HERB0330 
... 

TO START SEQUENCE: 
From Method and Run Control panel click on the "STAR'T -+" button. 

Start of the 12 hour sequence (as documented as the dateitime stamp on the data file for the CCV 
Standard): 

1 
1 
. . . 

The analytical sequence for 1niti.d Calibration is: 
Blank (Solvent Blank) 
Calibration standard-A (S1) 
Calibration standard-A (Ib2) 
Calibration standard-A (S3) , 

Calibration standard-A (S4) 
Calibration standard-A (S5) 
Calibration standard-A (S6) optional 
Calibration standard-A (S7) optional 
Calibration standard-B (I.1) 
Calibration standard-B (S2) 
Calibratiori standard-B (S3) 
Calibration standard-B (S4) 
Calibration standard-B (S5) 
Calibration standard-B (S6) optional 
Calibration standard-B (S7) optional 
Initial Calibration Verification Standard (ICV) 

SAMPLE 
SAMPLE 
. . . 
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The analytical sequence for Sarnp e Analysis is: 
Blank (Solvent Blank) 
Continuing Callbration Ve ification Standard-A (CCV-A) 
Continuing Callbration Veification Standard-B (CCV-B) 
Method Blank (MB) 
LCS 
LCS Duplicate (if applicable) 
Sample #1 
Sample #1 Matrix Spike 04s )  
Sample #1 Matrix Spike Duplicate (MSD) 
Sample #1 Laboratory Duplicate (if applicable) 
Samples #2, #3, etc. until the end of I Zhour period 
Blank (Solvent Blank) 
Continuing Calibration Verification Standard-A (CCV-A) 
Continuing Calibration Verification Standard-B (CCV-B) 
Samples up to #20 
Method Blank (MB) #2 
LCS #2 
LCSD #2 (if applicable) 
Sample #2 1 
Sample #21 Matrix Spike (MS) 
Sample #21 Matrix Spike Duplicate (MSD) 
Sample #21 Laboratory Duplicate (if applicable) 
Samples #22, k23, etc. until the end of 12-hour period 

14.4 Interpretation - Qualitative Analysis 
14.3.1 An analyte is identified based upon the Retention Time (RT) of a standard of the suspected '"* 

compound. 
14.4.2 The RT of the sample conponent is within k 0.06 RT units of the RT of the standard component. 
14.4.3 Identification is hampered when sample components are not resolved chromatographically or 

coelute. When chromatc~graphic peaks obviously represent more than one sample component 
(i.e., a broadened peak with shoulder(s) or a valley between two or more maxima), use SOP 1255 
Manual Integration for guidance in the integration of these two peaks. Use SOP 1255 Manual 
Integration for other situations that may require analyst efforts to correct computer generated 
integrations that are not technically sound. 

14.4.4 Several sets of compounds coelute on this analytical colurnn. The following pairs of compounds 
coelute: 
Bentazon and 2,4-Dichlcrophenylacetic acid (surrogate) 
2,4-D and MCPA 
Dichlorprop and MCPP 

Perform the following st:ps to help identify the correct peak during analysis: 

14.4.4.1The surrogate is present in  every sample analyzed. The peak is assumed to be 2,4- 
Dichloroph~nylacetic acid unless there is an enhanced response as in the case of the analysis of 
an LCSILCSD or MSflYlSD when Bentazon has been spiked in the sample. 
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14.4.4.1 If there is a peak for :!,4-D and MCPA assume that the peak is 2,4-D and not MCPA. In an 
LCSLCSD and an MSMSD both peaks are present. 

14.4.4.1 If there is a peak for Dichloroprop and MCPP the analyst will use best judgement to determine 
the identificatio-n of thc peak. Confer with the Project Manager to determine which compounds 
are -suspected. In an LC S/LCSD and an MS/MSD both peaks are present. 

14.5 Data Interpretation - Quantitative Analysis 
14.5.1 Once a compound has been identified, the quantitation of that compound must be based on the 

integrated abundance. 

14.5.2 If the RSD of a compound's response factor is 20% or less, then the concentration in the extract 
is determined using the average calibration factor (CF) from initial calibration data (13.2). See 
Method 8000, Sec. 7.0, lor the equations describing internal standard calibration and either linear 
or non-linear calibration:;. If the RSD is greater than 20%, refer to section 15.1.2. 

14.6 Logbook Records 
Record the following information in the appropriate logbook or data file. Include any deviations from 
this procedure. Analyst initials, date of analysis, sample number or ID, initial sample volume or weight 
processed, final extract volulne, calibration standard sample or solution identifier, QC sample or 
solution identifier, surrogate solution identifier, any dilution information, readings from support 
equipment, data file name, instrument method name, visual observations, and any other information as 
deemed necessary. 

14.7 Troubleshooting 
The experience of the analyst performing HPLC analyses is invaluable to the success of the methods. 
Each day that the analysis is ~)erFormed, the daily calibration standards (CCV-A and CCV-B) must be 
evaluated to determine if the chromatographic system is operating properly. Questions that must be 
asked: Do the peaks look nonnal? Is the response obtained comparable to the response from previous 
calibrations? Careful examination of the standard chromatogram can indicate whether the column is 
still good, if there IS a leak, the inline filter needs replacing, etc. If any major changes are made to the 
system (e.g. column changed or detector cleaned), recalibration of the system must take place. 

14.8 Routine Maintenance - Record all maintenance 
14.8.1 Daily, or as needed according to sample throughput, change the inline filters andlor rinse the 

column. Alternatively, the use of a guard column helps to protect the analytical column from 
residue buildup. Replacing the guard column may be done to improve column performance. 

14.8.2 Clean the detector windows on an as needed basis (loss of sensitivity). 
14.8.3 Inspect the autosampler syringe for wear; replace as necessary. 
14.8.4 Check the solvent sup~ly;  replace as necessary. 

15.0 DATA REDUCTIONS, CA:LCULATIONS, AND LOADING 

15.1 The data system performs the calculations. 
15.1.1 If the %RSD of a compound's relative response factor is 15% or less, then the concentration in 

the extract may be determined using the average response factor (RF) from the initial calibration 
data (13.2) and the follcwing equation: 
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where C,, is the concentr;ition of the compound in the extract, and the other terms are defined in 
Sec. 13.2. 

15.1.2 Alternatively, linear regrc ssion (Sec. 13.2) may be used for determination of the extract 
concentration. 

15.2 Compute the concentration of tlie analyte in the sample using the equations in Secs. 15.2.1 and 15.2.2 

15.2.1 The concentration of the .malyte in the liquid samples is calculated using the concentration of the 
analyte in the extract and the volume of liquid extracted, as follows: 

Concentration in liqlid (mg/L) = C3 * Vf 
Vi 

or 
Concentration in liquid (pg/L) = C? * VVF*lOOO 

Vi 
where: 
Vf = final extract volume in mL (includes any dilution volumes) 
V, = initial volume of liquid extracted, in mL. 

15.2.2 The concentration of the analyte in the solid sample is calculated using the concentration of the 
analyte in the extract and the weight of the solid extracted, as follows: 

Concentration in solid (~ng/Kg) = CE * V! 
Wi 

or 

Concentration in solid (pgKg) = C-, * Vf * 1000 
, 

w , 
where: 
Vf = final extract volume in mL (includes any dilution volumes) 
Wi = initial sampk: weight, in g. 

For soil samples r1:ported on dry weight basis, divide the Concentration by the decimal 
equivalent of the Percent Solids. For example: a sample contains 90% solids, thus 

Concentration in sclid (mgKg) dry weight = CE * Vf 
Wi * 0.90 

15.3 See Section 1 4.10 of STAT SOP 1040 General Laboratory Practices for calculations. 
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16.0 METHOD PERFORMANCE 

Demonstration of Capabilitv (DOCJ 
All parameters of interest must meet the method acceptance criteria before actual sample analysis begins. 
See SOP 1230 Training for the procedure to perform and document the DOC. The DOCS for the analysts 
performing this method are locaied in the analysts' training form folders located in the QA office files. 

A quality control (QC) referent: concentrate is required containing each analyte at a concentration of 1 
pg/mL in acetone. The QC re:erence sample used is the Herbicides ICV (refer to Section 10.9 for 
composition). The QC reference sample is made using stock standards prepared independently from 
those used for calibration. 

For each analyte calculate the mean recovery (x) and standard deviation (s) and the average % Recovery 
(%R). Compare X and s and %R with the corresponding acceptance criteria for accuracy and precision, 
respectively. Note: x must be within 0.5 and 1.5 pglmL and s must be less than 0.25 pglL and %R must 
he within 50 to 150%. If x ard s and %R for all analytes meet the acceptance criteria, the system 
performance is acceptable and analysis of actual samples can begin. If any individual x or %R falls 
outside the range for accuracy or any individual s exceeds the precision limit, then the system 
performance is unacceptable for that analyte and corrective action must be taken. 

Locate and correct the source of the problem and repeat the test only fbr those analytes that failed to meet 
criteria. Repeated failure, howe-[er, will confirm a general problem with the measurement system. If this 
occurs, locate and correct the source of the problem and repeat the test fur all compounds of interest. 

Comvarison toleference Method Data 
EPA Method 8000B provides guidance for the establishment of control limits for the LCS and MS QC 
samples. Recovery limits of 70% to 130% are provided as initial benchmarks for performance (8000B 
Section 8.5.4). These limits are: designed. for a wide variety of organic test methods. Individual analyte 
performance may vary. 

In-House Cor~trol Lirnits 
Method performance data is on 3le in the laboratory QC department. Comparison of method performance 
data for the laboratory to the reference method criteria occurs when laboratory in-house acceptance limits 
are generated. In-house generated data is compared to the specifications of the reference method. If the 
in-house limits are within the specifications of the reference method, the control limits are updated in 
LMS.  If the in-house limits art: not within specifications, an investigation is performed to determine the 
cause(s) of the problem and a c:orrective action is completed. The analysis may continue until enough 
data points are collected to regenerate new control limits. Any QC data generated outside of reference 
method limits during that time Eame is flagged. 

The laboratory mainlains performance records to document the quality of data that is generated. Method 
accuracy for samples is assessl:d and records maintained. After the analysis of 20 laboratory control 
samples and surrogates, calcu1;lte the average percent recovery (R) and the standard deviation of the 
percent recovery (S). 

SOP 1080 Herbicides by HPLC SW-846 832 la 
Revision 00 

August 16,2004 
Page 20 of 28 

\\Hanison\d\Quality Control\Qualiry M;~nual& SOPs\4000 Anaytical SOPs\SOP 4080 HerbKOP 4080 832 la Herb rev00.doc 



Analysis Corporation: 

Control limits for the method parameters are generated by the QC staff and distributed to the analysts via 
updates to the LIMS control charts. The control limits are calculated based on in-house performance 
data. At a minimum, these limits are reviewed annually. 

17.0 POLLUTION PREVENTIOIq 

The preparation of excessive vohmes of labomtory reagents and standards shall be avoided so that waste 
and potential for pollution are minimized. Samples, reagents and standards shall be disposed in 
compliance with the lab waste disposal program, SOP 1130 Waste Disposal. With the consent of the 
client, the samples may be retumcd to their origin for treatment. 

Uncontaminated paper waste, gliss and cans should be separated for recycling. Laboratory staff are 
required to protect the laboratory's and our clients' business information when disposing recycled paper 
or waste from the facility. 

18.0 DATA ASSESSMENT AND CRITERIA FOR QUALITY CONTROL MEASURES 

Data assessment includes review of: proper sample condition, preservation, and storage; analysis within 
holding time limitations; deviations from the SOP, evaluation of performance based or in-house control 
limits, reference method limits or project specific limits. 

The laboratory must maintain records to document the quality of data that is generated. Ongoing data 
quality checks are cornpared with established performance criteria to determine if the results of analyses 
meet the performance character~stics of the method. When results of sample spikes indicate atypical 
method performance, a calibration verification standard is used to confirm the measurements were 
performed in an in-control mode of operation. The data review is conducted according to SOP 1250 Data 
Review. 

18.1 Blanks 

If the blank exceeds the RL (u:;ually the lowest calibration standard or specifically defined in this test 
method SOP), the source of contamination must be investigated and corrective actions taken. The 
compound-concentrations in the method blank of an extraction batch must be less than the RL's listed in 
Attachment 1 .  If this criteria is exceeded, re-analyze the method blank. If after re-analysis, the blank 
criteria is still exceeded, then the entire extraction batch must be re-extracted. Always refer to a client 
specific QAPP for additional pidance. 

If the surrogate recovery is outside the QA limits as defined in this test method the source of the 
nonconformance must be investigated and corrective actions taken. If this criteria is exceeded, re- 
analyze the method blank. 11' afier re-analysis, the blank criteria is still exceeded, then the entirc 
extraction batch must be re-ext~acted. Always refer to a client specific Q M P  for addit~onal guidance. 

Affected samples must be reprccessed and reanalyzed or Data must be appropriately qualified if: 

1) The concentration of a twseted analyte in the blank is at or above the reporting limit as established 
by the SOP or by regulaticn, AND is greater than 1/10 of the amount measured in any sample. 
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2) The blank contamination oiherwise affects the sample results as per the test method requirements 
or the individual project dala quality objectives. 

18.2 Laboratory Control Samples (LCS) 

The results of the individual Eatch LCS are calculated in percent recovery (%R) and compared to 
established acceptance criteria f-om in house analyses. If the LCS is outside the acceptance criteria, see 
Table 5 for current acceptance criteria, the analytical system is "out-of-control." Any affected samples 
associated with an out-of-contrcbl LCS must be reprocessed and reanalyzed or the results reported with 
appropriate data qualifiers. If alter re-analysis the control criteria has not been met, the entire extraction 
batch must be re-extracted. A l ~ a y s  refer to a client specific QAPP for additional guidance. 

Table 5 LCS 

1 Compound 1 Soil Recovery I Water Recovery 3 

1 Dicamba 50- 150 50- 150 I 

2,4-D 
2,4-DB acid 
Dala~on 

I MCPA I 50-150 I 50- 150 I 

50-150 +------ 50-150 50-150 

18.3 Surrogates 

50-150 

50-150 50-1 50 

1 Bentazon 1 50-150 

18.3.1 The results of the indi-lidual Surrogate compounds are calculated in percent recovery (%R). 
Surrogates outside the acceptance criteria, see Table 6 for current acceptance criteria, must be 
evaluated for the effect indicated for the individual sample results. 

50-150 I 

Table 6 Surrogate 
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If surrogate recoveries are ncst within the established acceptance criteria, proceed as follows (SW-846 
8000B): 

1 )  Check to be sure that there are no errors in the calculations, surrogate solutions or internal 
standards. If errors are found, recalculate the data accordingly. Examine chromatograms for 
interfering peaks and intt:grated peak areas. 

2) Check instrument performance. If an instrument performance problem is identified, correct the 
problem and I-e-analyze the extract (or re-analyze the sample for volatiles). 

3) Some samples may require dilution in order to bring one or more target analytes within the 
calibration range or to oJercome sigmficant interferences with some analytes. This may result in 
the dilution of the surrogate responses to the point that the recoveries cannot be measured. If the 
surrogate recoveries are nailable from a less diluted or undiluted aliquot of the sample or sample 
extract, those recoveries may be used to demonstrate that the surrogates were within the QC 
limits, and no fbther action is required. However, the results of both the diluted and undiluted 
(or lessdiluted) analyse. should be provided to the data user. 

4) If no instrument problem is found and if sufficient sample is available, the sample should be re- 
extracted and re-analyze~i. 

18.3.2 If, upon re-analysis (in *:ither 2 or 4 above), the recovery is again not within limits, report the 
data as an "estimated concentration." If the recovery 1s within the limits in the re-analysis, 
provide the re-analysis data to the data user. If the holding time for the method has expired prior 
to the re-analysis, provide both the original and reanalysis results to the data user, and note the 
holding time problem. 

18.4 Duplicates 

The results from laboratory duplicates are designed to assess the precision of analytical results in a 
given matrix and are expressed as relative percent difference (RPD). See the STAT Quality Assurance 
Manual, Section 5.4 for the calculation for RPD. Results are compared to established acceptance 
criteria as listed in the MS/MSIl Tables 7. For duplicates results outside established criteria, corrective 
action must be documented or fie data reported with appropriate data qualifying codes. 

For this test method, the analysis of the MSMSD pair is used for determinatior~ of method precision. 
For cases where the sample carmot be divided (e.g., wipes, air samples, not enough sample provided by 
customer) and thus a MS/MSD pair cannot be prepared in the preparation batch, an LCSILCSD pair is 
prepared and analyzed to messure precision. Precision data from Tables 7 will be used for RI'D 
acceptance criteria for LCSLC 3D. 

18.5 Matrix Spikes 

18.5.1 T e  results from MSh4SD are primarily designed to assess the precision and accuracy of 
analytical results in a given matrix and are expressed as percent recovery (%R) and relative 
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percent difference (RPCl). See the STAT Quality Assurance Manual, Section 5.4 for the 
calculation for RPD. 

18.5.2 Tables 7 show the compounds spiked, the levels and the current QC criteria for soils and water 
samples. 

Table " Matrix Spike - Soil and Aqueous 

Amount 
added 

I Dalapon 33.3 I 1.0 1 2 5  ) - 50-150 1 
2.4-D 
2.4-DE acid 

% Recovery Amount 
added 

clg/Kg 
33.3 
33.3 

Dicamba 
Dichlorprop 
Dinoseb 

MCPP 

18.6 Other 

RPD 
Limit 

Picloram 
2,4,5-T . 
2,4,5-TP (Silvex) 

Acifluorfen 
Bentazon 
Cldorarnben - 
3,5-Dichlorobenzoic Acid 
4-Nitrophenol 

The laboratory will analyze standard reference materials and participate in relevant performance 
evaluation studies quarterly. 

pg/L 
1 .O 
1 -0 

33.3 
33.3 
33.3 
33.3 
33.3 
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1.0 
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50-1 50 
50-1 50 

1 0  

1 .O 
1 .O 
1 .O 
1 .0 
1 .0 
1 .O 
1 .0 
1 .0 

2 5 
2 5 
2 5 

. 25 
25 

50-1 50 
50-1 50 
50-1 50 
50- 150 
50-1 50 

25 

25 
25 
25 
25 
25 
25 
25 
25 

59-1 59 

50-150 
50- 150 
50-1 50 
50- 150 
50-150 
50-1 50 
50-1 50 
50-1 50 
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f 9.0 CORRECTIVE ACTIONS FOR OUT-OF-CONTROL DATA 
The process for handling unacceptable and out-ofcontrol data is found in SOP 230 Corrective Action. 

If the CCV, MB, LCSILCSD, IdS/MSD, lab duplicate, surrogate, or recovery of any parameter falls 
outside the designated acceptance range, the laboratory performance for that parameter is judged to be 
out-ofcontrol, and the problem must be immediately identified and corrected. The analytical result for 
that parameter in the samples is suspect and is only reported for regulatory compliance purposes with the 
appropriate corrective action form. Immediate corrective action includes reanalyzing all affected 
samples by using any retained si~rnple before the expiration of the holding time. Final data results must 
be qualified in the client report for reported results not meeting the laboratory-defined criteria. 
1) Review standards preparati~n logbooks. Check all calculations and ensure dilution factors are 

properly recorded. 

2) Re-prepare the suspected siandard or QC sample to identify possible preparation errors of the 
standard or QC sample. 

3 )  Re-Analyze the samples when the CCV or LCS is not within acceptable limits. 

4) Perform routine preventative maintenance following manufacturer's specification. Record all 
maintenance in the instrumeilt logbook. 

20.0 CONTINGENCIES FOR HANDLING OUT-OF-CONTROL OR UNACCEPTABLE 
DATA 

Every effort is made to prevent problerns from occurring. When out-of-control or unacceptable data 
occurs the first option is to identify the problem and reanalyze the samples within the holding times. 
When this is not possible, the (!A Manager andlor the Laboratory Director reviews data and discusses 4* 
options with the client. Reanalysis or reporting the data with qualification are alternatives. Out-of- 
control or unacceptable data rep~rted to the client must include the data qualifier, flag and discussion on 
the rationale for reporting. 

Holding time exceedence, imprcper preservation and improper sample condition or storage are noted on 
the corrective action form and included on the final report. 

Review the CCV standard respclnse, LCS result, the surrogate recovery, and internal standard recovery 
for acceptable performance for each batch of samples. Record any trends or unusual performance on a 
corrective action forn~. Final da a results must be qualified in the client report for results not meeting the 
laboratory-defined criteria. 

Manual integration must be minimized for standards, reagent blanks and surrogates. Routine manual 
integration of the same parameters indicates a system performance problem. Correct this problem or note 
in the instrument analysis logbo~~k the suspected causes for routine manual integration. Sign and date all 
manually integrated chromatogrruns. 

20.1 The process for handling unacceptable and out-of-control data is found in the Laboratory QAM 
Section 10. The report:.ng of data that is out-of-control must be approved and documented by 
Quality Assurance Man: ger and either the Technical Manager or the Laboratory Director. 
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20.2 Client Requested Modifcations: 
20.2.1 Clients must request modifications from the laboratory SOP in writing to the lab. 

20.2.2 The lab director, technical manager and quality assurance manager will evaluate the 
requested client deviations, determine the feasibly of the deviation and the potential 
effects on the data. 

20.2.3 If it is determined that the lab will perform the requested deviations, lab director, 
technical manager and quality assurance manager will decide if a method validation 
study is required. 

20.2.4 The designated project manager will retain ail documentation concerning the requested 
deviation, inclutling all correspondence with the client, in the client folder. 

20.2.5 The final ana1:ttical report must include the statement "This report has analyses 
performed using client requested modifications ". 

21.0 WASTE MANAGEMENT 

The STAT Analysis Corporation Waste Disposal SOP 1130 identifies proper waste management 
practices for the chemicals anti biological materials used in this procedure. Samples are stored and 
discarded accordance with SOP 1 130 Waste Disposal. 

22.0 REFERENCES 

Method 8321A, Revisic~n 1, December 1996; U.S. EPA SW-846 "Test Methods for Evaluating 
Solid Waste, PhysicaYChemical Methods" Update 111, December 1996. 
SW-846 8000B Determinative Chromatographic Separations 
"USEPA Contract Laboratory Program Statement of Work for Organic Analysis" Revision 
OLM04.2 May 1999, U. S. Environmental Protection Agency. Office of Solid Waste, 
Washington DC 20460. 
SOP for sample prep: 3.'100 
SAP 003 Chemical Hyg~ene Plan 
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23.0 FORMS, FIGURES, TABLIB, DIAGRAMS, FLOWCHARTS, ATTACHMENTS OR 
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Attachment 1 .  MDL's And Reporting Limits for Herbicide Compounds 
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ATTACHMENT 1. MDL's and REPORTING LIMITS FOR HERBICIDE COMPOUNDS 

I CASN / Compounds 

t 94-75-7 1 2,4-D 
94-82-6 1 2.4-DB acid 

1 88-85-7 / Dinoseb 1 0.204 1 0.6 1 0.0006 1 5.77 1 17.3 0.0173 1 

87-86-5 
19 18-02- 1 
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0.0069 
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1.05 3.2 

0.141 0.4 0.0004 2.30 
51-36-5 3,s-Dichlorobenzoic Acid 0.125 0.4 0.0004 0.87 
100-02-7 4-N~tro henol 0.043 0.4 0.0004 25.30 

8.32 
4.32 

0.0032 1 
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2.6 
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1.0 IDENTIFICATION OF TEST METHOD 

SOP Title: Total Petrcdeum Hydrocarbons (TPH) by GC-FID SW-846 8015B. 

2.0 APPLICABLE MATRICES 

Methylene chloride and organic solvent extracts from soil, sediment, ground and surface water, and 
mobility extracts are analyzed us ng this method. 

3.0 DETECTION LIMITS 

The lab follows the procedure found in 40CFR Part 136B to determine the MDL for each matrix type on 
an annual basis. See the STAT Analysis SOP 1210 for the MDI, procedure, frequency and acceptance 
criteria. The W L ' s  measured by the lab and all supporting documentation are in the laboratory QA files 
for review. 

The laboratory determined MDL must always be less than the reporting limit (RL), which is determined 
by the lowest calibration standard. The RLs will usually range from three to ten times the laboratory 
measured MDLs but this relationship may vary dependent on dilution of sample aliquots, matrix 
interferences, moisture adjustments (in solid samples), or method-specified requirements. Attachment 1 
contains the current MDLs and r,>porting limits (RLs) for this SOP. 

4.0 SCOPE AND APPLICATION 

4.1 This standard operating procedu~e describes in detail the precise methods used at STAT Analysis 
Corporation for the analysis of environmental samples for Total Petroleum Hydrocarbons (TPH) by GC- 
FID. This SOP as written is to bc applied when SW-846 Method 801 5B is requested. This SOP is used to 
determine the concentration of 1 PH in extracts prepared from all types of solid waste matrices, soils, and 
ground water. 

4.2 SOP 4090 can be used to quant tate petroleum hydrocarbons that are soluble in methylene chloride and 
other organic solvents and are capable of being eluted without derivatization as sharp peaks from a gas 
chromatographic column. See A.tachment 1 for a list of ranges that have been evaluated on the specified 
GC-FID system. 

Gasoline Range: C6 - Cl (boiling range 60 OC - 220 "C) 
Diesel Range: Clo - CIB (boiling range 170 OC - 430 OC) 

Oil Range: Cis- Cz8 

4.3 The reporting limits (RLs) for I his SOP are shown in Attachment 1 for soils and water. RLs wiIl be 
proportionately higher for san1f:le extracts and samples that require dilution or reduced sample size to 
avoid saturation of the detector. 
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4.4 This method is restricted to use by or under the supervision of analysts experienced in the use of a Gas 
Chromatograph (GC) and skilled in the interpretation of chromatograms. Each analyst must demonstrate 
the ability to generate acceptable results with this method. 

5.0 SUMMARY OF TEST MEI'HOD 

5.1 Prior to using this niethod, the samples must be prepared for the GC using the appropriate sample 
preparation SOP (Section 14.1:. Solid samples are extracted as received with methylene chloride. 
Aqueous samples are extracted as received with methylene chloride. This method describes 
chromatographic conditions that will allow for the separation of the compound ranges in the extract and 
for their qualitative and quantitative analysis by Gas Chromatography- Flame Ionization Detection. 
Identification of target analytes s accomplished by comparing component retention time ranges to those 
of authentic standards. Quantitalion is accomplished by comparing the response of the peak area using a 
five-point calibration curve. 

5.2 Method Modifications from Reference 
5.2.1 This SOP is based on EPA SW-846 Method 8015B except that the TPH are reported as a range 

of compounds (i.e., gasoline range, diesel range and oil range) and not as individual peaks. 
5.2.2 Samples are extracted ' for all ranges including GRO. hternal Blind samples have shown 

acceptable quality contn)l using' this technique. 
5.2.3 No surrogate or internal standards are used in this method, because they would interfere with 

analyses of the ranges. 

6.0 DEFINITIONS 

The STAT Analysis Quality Manual Section 19.0 contains all the definitions of standard terms used in 
SOPS. 

7.0 INTERFERENCES 

7.1 Raw GC data from all blanks, s.imples, and spikes must be evaluated for interferences. Determine if the 
source of interference is in the preparation and/or cleanup of the samples and take corrective action to 
eliminate the problem. 

7.2 Contamination by canyover C ~ I I  occur whenever high-concentration and low-concentration samples are 
sequentially analyzed. To reduce carryover, the sample syringe must be rinsed out between samples with 
solvent. Whenever an unusua ly concentrated sample is encountered, the sample after it should be 
reanalyzed to check for cross contamination. 
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8.0 SAFETY 

Methylene chloride is a suspect~d carcinogen as are numerous compounds analyzed by this method. 
Proper personal protective equip nent including safety glasses, nitrile gloves and a lab coat are required 
during different parts of this method. Other safety precautions must be conducted in accordance with the 
Chemical Hygiene Plan (STAT (?A SAP 003). Other actions can also be applied if deemed necessary. A 
reference file of Malerial Safeti Data Sheets (MSDS) is available to all personnel involved in this 
method. 

9.0 EQUIPMENT AND SUPPIJES 
The following apparatus is reconmended for performing this procedure. Equivalent items can be used, if 
with their use, the analytical anc QAIQC requirements in this SOP can be met. All catalog numbers in 
this SOP are current as of the effective date and thereafter subject to change. 

9.1 Gas Chromatography System 

9.1.1 Gas Chromatograph (GC) - Hewlett Packard 5890 Series I1 equipped with a Flame Ionization 
Detector (FID) and an Agilent Technologies 18593B autosampler. 

9.1.2 Column - 30n1 x 0.250mm, 0.25 urn film, (Agilent HP-SMS, Catalog # 19091 S-433) 

9.1.4 Data system - A Hewlett Packard Vectra VL computer system using EnviroQuant Chemstation 
G1701AA Version A.03.00 to collect and process the data is attached to the GC. 

9.2 Micro syringes - 10 pL, 25 pL, 100 HI,, 250 pL, 500 pL and 1,000 CLL. 

9.3 Volumetric flasks, Class A - 10 mL, 25 mL, 50 mL with ground glass stoppers. 

9.4 Glass vials - 2-mL, for GC auto sampler with Teflon-lined screw caps or crimp tops. 

9.5 Amber glass vials - 10 rnL with 'Teflon-lined screw caps 

10.0 REAGENTS AND STANDPLRDS 
The following reagents and standards are required to perform this procedure. When instructions are 
gven on how to prepare a specific volunle of a reagent or standard, lager  or smaller volumes can be 
prepared as needed so long as t 1e final concentrations remain the same. Any other deviations from the 
reagents or standards listed in t'iis SOP could be detrimental to the of the data produced. Such 
deviations would have to be approved and documented (see SOP QA 230 Corrective Action). Equivalent 
items can be used, if with their use, the analytical and QAIQC requirements in this SOP can be met. 

Instructions tor labeling and r:cord keeping of reagents and standards are contained in SOP 1010 
Analytical Standards and Reagents Receipt and Preparation. 
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10.1 Analytical reagent grade chern cals shall be used in all tests. Unless otherwise indicated, all reagents 
shall conform to the specificati.ms of the Committee on Analytical Reagents of the American Chemical 
Society, where such specificatil>ns are available. 

10.2 Organic-free reagent water - P.11 references to water in this SOP refers to Type II reagent water (in- 
house system). 

10.3 Stock Standard solutions - Standard solutions can be prepared from pure standard materials or 
purchased as certified solutior~s (e.g. SV standards). The routine laboratory practice is to purchase 
these standards from approved vendors. The standards used are: XHc Unleaded Gasoline Composite 
(Restek Catalog 30205), Diesel Fuel #2 Composite (Restek Catalog 31258) and Motor Oil Composite 
(Restek Catalog 31464). Stock standard solutions and QC solutions are stored at < -10°C and must be 
replaced after six months, or sooner if comparison with quality control check samples indicates a 
problem. Different storage cortditions and expiration dates of other solutions are noted as warranted. 

10.3.1 Secondary Stock Standa-d Solution - This solution is made using the individual Stock Standard 
solutions. Using microliter syringes, the following amounts of each Stock Standard solution is 
injected into three sepaate 10 mL volumetric flasks. The solution is brought to volume with 
methylene chloride. The final concentration of each component is listed in Table 1. Note: this 
Secondary Stock Standard solution is also used as the high-level calibration standard. It is also 
the source solution to prepare the calibration standards in Section 10.4. This standard is stored at 
< -10°C in a 10 rnL ambsr screw cap vial equipped with a Teflon lined cap. It is freshly prepared 
every six months, or sooner if check standards ind~cate a problem. 

Table 1 Secondary Stock Standard Solution 

Stock Solution Conc. Stock Vol. Stock Final Conc. 
( dml)  

Gasoline Composite 
Diesel Fuel #2 Composite 50000 1000 5000 
Motor Oil Com~osite 50000 5000 

10.4 Calibration standards - A rnin~mum of five calibration standards are prepared. The low standard is the 
RL and above the MDL. The 3thers define the working range of the GC system. Calibration standards 
in current use: 20, 100, 500, 1000, 2500 and 5000 pg/ml. (Table 2). Using microliter syringes, the 
following amount of the Secondary Stock solution is injected into a 1 ml syringe. The solution is 
brought to volume with methylene chloride. The final concentration of each component is listed in 
Table 2. Each solution is trsnsferred to an autosampler vial. Storage is as indicated in 10.3. The 
continuing calibration verific:ation standards (CCV) are prepared weekly and stored at 0.1-6 OC. 
Levels 3 , 4  and 5 (500, 1000, 2500 pg/n~L) are used for the CCVs. 

rable 2 Calibration Standards 
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10.5 Laboratory Control Sample/Matrix Spike standards - The LCS/matrix spike compound range is 
composed of all these ranges. Samples will be spiked at 1000 ugtsample, 200 mg/Kg for soil and 1.0 
mg/L for water (see SOP 3500 for LCSMatrix Spike Solution preparation). This standard is stored at 
< -'lO°C in an amber glass vial with a Teflon lined screw cap. 

10.6 Initial Calibration Verification Standard - A standard prepared from a different source at the midpoint 
of the calibration to verify the initial calibration. The solution is made using the following stock 
standards from AccuStandard. Gasoline-Regular Unleaded (Catalog GA-001-D-40X), #2 Diesel Fuel 
(Catalog FU-009-D-40X) and SAE 30W Motor Oil (Catalog FU-018-D-40X). Using microliter 
syringes, 500 p1 of each Stock Standard solution is injected into a separate 10 rnL volumetric flask. 
The solution is brought to volurne with rnethylene chloride. The final concentration of each component 
is listed in Table 3 . This standard is stored at < -lO°C. 

Table 3 1C:V Secondary Stock Standard Solutions 

10.7 Acetone, hexane, methanol, an3 other appropriate solvents, pesticide quality or equivalent. 

Compound Range Conc. Stock 

(pglml) 
20000 

#2 Diesel Fuel 20000 
20000 

11.0 SAMPLE COLLECTION, E'RESERVATION, AND HANDLING 

11.1 Containers used to collect samples for the determination of Total Petroleum Hydrocarbons are glass: 1 
Liter bottles for water samples and various size jars for soil samples. They are equipped with screw 
caps with Teflon liners. Water samples containing residual chlorine should be field treated to remove 
the chlorine prior to collection. Plastic containers or lids may NOT be used for the storage of samples 
due to the possibility of sample: contamination from the phthalate esters and other hydrocarbons within 
the plastic. 

Vol. Stock 

(PL) 
500 
500 
500 

11.2 Samples must be stored under ~efrigeration at between 0.1 and 6.0°C. Extraction must be within 7 days 
from sampling date for water and 14 days for solids. Sample extracts are stored in the dark at between 
0.1 and 6.0°C and must be analyzed within 40 days of extraction. 

Final Conc. 

(pglml) 
1000 
1000 
1000 

11.3 No chemical preservation is recuired for this method. 
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11.4 All samples are stored away from all standards, reagents, food, and other potentially contaminating 
sources in order to prevent cross contamination. 

12.0 QUALITY CONTROL 

The following details the QC requirements that apply to this analysis. Each Quality Control Indicator 
(QCI) provides information pertaining to either method or individual sample performance. Our goal is 
to produce defensible data of laown and documented quality. The results of these Quality Control 
Indicator (QCI) samples are use11 to assess the acceptability of data. 

12.1 Blanks 
Method Blank analysis is performed to determine if any contamination is present in the analytical 
process and is used to evaluate acceptance of the batch of samples. A method blank shall be prepared 
once per preparation batch of :I0 or less samples per matrix type. If more than 20 samples are prepared 
a second blank shall be prepared after the twentieth sample. The method blank shall be processed 
through all preparatory steps wed for the samples, including cleanup procedures. The blank shall be 
analyzed using the same instrulnent and conditions as the samples. 

The Solvent Blank, clean rnethylene chloride injected into the GC, is used to monitor the 
GC system for potential cross-contamination from one sample to another or for residual contamination 
in the system. . . 

12.2 Calibration Verification 
An Initial Calibration Verification (ICV) standard containing all of the target analytes reported in this 
method (refer to 10.6) shall be analyzed immediately after the completion of the initial calibration. The 
ICV shall be purchased from a second source to verify- analyte concentrations. 

12.3 Laboratory Control Sample (LCS) 
The LCS is used to evaluate .he performance of the total analytical system, including all preparation 
and analysis steps. The 1,CS shall be prepared once per preparation batch of 20 or less samples per 
matrix type. If more than 20 samples are prepared a second LCS shall be prepared after the twentieth 
sample. The LCS shall be pl.ocessed through all preparatory steps used for the samples, including 
cleanup procedures. The LCS shall be analyzed using the same instrument and conditions as the 
samples. Refer to section 10.5 for LCS analytes and concentrations. 

12.4 Duplicates 
Duplicates of field samples or of the LCS must be prepared in compliance with the method 
requirements and client dire:tives. Duplicate LCS's are prepared for sample wipes. It would be 
impractical to prepare a matr x spike and matrix spike duplicate. Reproducibility performance would 
be the same as for a matrix splkelmatnx spike duplicate. 

12.5 Matrix Spike and Matrix Spike Duplicate (MSIMSD) 
MSIMSDs indicate the effect of the sample matrix on the precision and accuracy of the results 
generated using the selected method. This informatioil does not determine the validity of the entire 
batch. MSIMSDs must be analyzed at a minimurn of 1 per 20 samples per matrix per preparation 
procedure, or one per prepan,tion batch, or as specified by the required test method. For cases where 
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the sample cannot be divided (:.g., wipes, air samples, not enough sample provided by customer) and 
thus a MS/MSD pair is cannot I)e prepared in the preparation batch, an LCSLCSD pair is prepared and 
analyzed to measure precision. Samples chosen for matrix spiking are rotated among different clients 
and/or different client projects. This is accomplished through communication between the Department 
Manager and the analyst. In zddition, designated samples, as indicated by client request or contract 
requirement, are matrix spiked. The MS/MSD pair shall be processed through all preparatory steps 
used for the samples. They shall be analyzed using the same instrument and conditions as the samples. 
Refer to section 10.5 for MS analytes and concentrations. Some clients may require different spiking 
levels andlor target analytes, th,:se specific needs are documented on the request for analysis forms. 

13.0 CALIBRATION AND STAPI DARDIZATION 
13.1 Initial Calibration (ICAL) 

13.1.1 Analyze 1 pL of each calibration standard and tabulate the area sum of the analyte against 
concentration for each ccmpound range. All compounds are reported as boiling point ranges. All 
peak areas within defined retention times are summed and reported as one peak. Calculate 
calibration factors (CFs) for each range in each calibration standard as follows: 

C F =  
c x  

where: 
Ax = Area of the co~npound range being measured. 
cx = Concentration of the compound range being measured (ng/pL = pg/mL - mg/L). 

- 
13.1.2 Calculate the average calibration factor (CF) for each compound range as follows: 

where: CF = CF for ea:h of the calibration levels (i.e., 5) 
n = Number of CF valuss (i.e., 5 )  

13.1.3 Calibration Check Compound Range (CCC) responses are monitored to check the integrity of the 
system. 

Using the CFs from the initial calibration, calculate the percent relative standard deviation 
(%RSD) for the Calibration Check Compound Ranges (CCC). 

TO calculate %RSD: ~ R S D  = 100% x SDICF 

where: 
%RSD = 76 Relative Stimdard Deviation 

CF = average of initial CFs for a compound range 
SD = standard deviation (n-1) of average CFs for a compound range 
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To calculate Standard Deviation (n-1 degrees of freedom) 

where: CF, =CF for'eacll of the 5 calibration levels 
n = Number of CF values (i.e., 5) 

13.1.4 Linearity - If the %RSD of any range is 20% or less, then the relative calibration factor is 
assumed to be constant over the calibration range, and the average relative calibration factor is 
used for quantitation. If the %RSD is greater than 20%, first order linear regression is used. The 
calibration curve must meet the requirements for curve fitting listed in SW-846 8000B and the 
correlation coefficient is 20.99. The equation is not forced through the origin. 

13.1.5 Before sample analysis can begin, a Initial Calibration Verification (ICV) (see Sec. 10.9) must be 
performed. The ICV results must be within the acceptance criteria as established for the CCV 
ranges (Section 13.2). 

NOTES: 
All calibration curvc:s must have a unique identifier. It is recommended that the calibration 
date be incorporated into the identifier for easy reference. 
Calibration must be completed (all standard levels analyzed) within 24 hours or the entire 
calibration sequence must be repeated. 
All initial calibration standards must be analyzed as a group. No field sample analyses are 
allowed during the calibration sequence. 
Do not add calibration standards and update the curve afier the original calibration date. 
Multiple analyses of the same calibration level are not allowed to be included in the 
calibration curve. 
If more than five calibration levels are analyzed, it is permissible to either drop the low 
compound range ccncentration (poor response) or the high compound range concentration 
(detector saturation). It is not allowed to drop a point in the middle of the curve. 
If more than five ca'.ibration levels are analyzed, it is permissible to drop an entire level if the 
analyst can documznt a specific reason or reasons why that level should be excluded. 
Mechanical failures, significant loss of all analyte responses possibly due to poor technique 
in standard preparztion, or software malhnction during data acquisition (system did not 
acquire all compound range data) are plausible reasons. The reason must be justifiedand 
documented. The slpervisor should review this situation and approve the analyst's decision. 
The need to analyze more than two analyses of the same calibration level indicates a 
potential problem with the secondary stock solutiotl. Prepare a fresh secondary stock 
solution and repeat all calibration levels. It is recommended that all calibration standard 
levels come from the same secondary stock solution. 
Manual integration mwt only be used if the software fails to properly integrate the peak. If 
manual integration is used for a particular compound range, all levels of that compound 
range do not have to be manually integrated, but all levels must be integrated in a similar 
manner. Example: the computer generated integration of a compound range id the low level 
standard is not technically sounct. A manual integration of the compound range is performed 
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(due to baseIine nois,:, etc) in order to achieve a technically sound integration. The computer 
integrates other levels of the compound range correctly. The manual integration of the Iow 
IeveI must match. as oest as possible, the computer generated integrations for all other levels. 

10. If any compound rarge in the mid-point level is manually integrated, the integration of this 
compound range must be reviewed for every continuing calibration standard and QC check 
solution (i.e. LCS, and Matrix Spike) to ensure that the integration is the same as the manual 
integration performed in the initial calibration (ICAL) mid-point. A consistent manner of 
integration must be achieved. 

1 1. All manual integrations must be reviewed and approved at the supervisory level. 

13.2 Continuing Calibration Verification (CCV) 

13.2.1 , All three continuing calibration verification (CCV) samples are analyzed every 20 samples 
during analysis of samp11:s. Different standards are analyzed for the CCV such that a wider range 
of the calibration curve is verified. For example: on successive days analyze the 500 pg/mL, then 
the 1000 pg/mL and on the third day, the 2500 pg/mL standard solution. Compare the calibration 
factors of the CCC's frorn the CCV with the following criteria. 

13.2.2 Control limits for the CCC ranges are * 15% difference from the ICAL Calibration Factor (CF) if 
the average CF is used lor quantitation,'or * 15% drift from the true concentration of the CCV 
range if linear regression is used. 

13.2.3 If the CCV results obtijined are outside the acceptance criteria, corrective actions must be 
performed. If routine corrective actions fail to produce an acceptable second consecutive 
(immediate) CCV, then either the lab has to demonstrate performance after corrective action with 
two consecutive successFu1 CCVs, or a new ICAL must be performed. If the instrument has not 
demonstrated acceptable: performance, sample analyses cannot continue until a new lCAL is 
established and verified with an ICV. However, sample data associated with an unacceptable 
CCV may be reported as qualified data under the following special conditions: . 

13.2.3.1 When the acceptance criteria for CCV are exceeded high, i.e., high bias, and there are 
associated samp1r:s that are nondetects, then those non-detects may be reported. 
Otherwise the samples affected by the unacceptable calibration verification must be 
reanalyzed after a new ICAL has been established, evaluated and accepted. 

13.2.3.2 When the accepta:lce criteria for the CCV are exceeded low, i.e., low bias, those sample 
results may be reported if they exceed a maximum regulatory 1imiUdecision level. 
Otherwise the samples affected by the unacceptable verification must be reanalyzed after a 
new ICAL is established and verified with an ICV. 

13.2.3.3 When the acceptance criteria. for the CCV are exceeded and it is not possible to reanalyze 
the sample due to limited sample quantity AND a new sample cannot be obtained by the 
laboratory, the da1.a may be reported with the appropriate data qualifiers if the client has 
been contacted and agrees, in writing, to accept the qualified data. 

13.3 Records: Initial and Continu .ng Calibration Records will contain, at a minimum, the following: 

1) Calibration date 
2) Test method 
3) hstrument 
4) Analysis date 
5) Each analyte name 
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6) Analyst's initials or signahire 
7) Standard Concentration (appropriate units) and number of standards 
8) Response (appropriate units) 
9) Calibration curve or calibration factor 
10) Evaluation of and Statistics for ICAL curve fit in order to judge calibration curve acceptance 
11) Evaluation of and Acceptance Limits for ICV analysis in order to judge calibration curve 

acceptance 
12) Evaluation of and Acceptance Limits for CCV analysis in order to judge continuing calibration 

acceptance 

13.4 Thermometers - The thermometers in the sample refrigerators and the standards freezer must be 
checked daily. They must rnee.: performance criteria. 

14.0 PROCEDURE 

14.1 Sample Preparation 
14.1.1 Water, soil, sediment and waste samples must be prepared by SOP 3500 Extractions of Samples 

for Semi-volatile Organic Analyses (EPA Methods 3510C, 3520C, 3550B, 3580A) prior to 
GC/FID analysis. 

14.1.2 Extract Preparation: Sample extracts should be at ambient temperature prior to use. 

14.2 GC Analysis 
14.2.1 Instrument Conditions: The recommended GC with Flame Ionization Detector (FID) operating 

conditions: 

Sample volume: I @  
Column Head Pressure: I0 psig Helium 
Oven Temperature Program: 

Initial Temperature 40 "C 
Initial Time 4 minutes 
Temperature Ramp 20 "Clminute 
Final Temperature 300 "C 
Final Time 13 minutes 

Injection Port (B) 250 "C 
Detector (B) 300 "C 
Flame Ionization Detectx Fuel Flowrates: 
Hydrogen 30 muminute 
Zero Air 300 muminute 
Makeup (Helium) 30 muminute 

14.2.2 Access the computer and create a batch sequence file. Refer to section 14.3 for instructions. 

14.2.3 Inject 1 pL of the Contiming Calibration Verification Standards (CCV) and evaluate using CCV 
acceptance criteria. See Section 13.2. 

14.2.4 If all criteria are met, continue with sample analysis, injecting 1 pL of each extract, as outlined 
below. 
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Dilution Procedure 

1. Clean a lrnl syringe equipped with a luer lock needle with rinse and clean solvent (methylene 
chloride). Fill syringe w th clean solvent such that there is sufficient volume remaining for the 
dilution volume (see Tatlle 4) and remove the needle. Place the needle on the counter top such 
that the tip of the syringe is elevated. 

2. Clean an appropriate syr nge (see Table 4) with rinse and clean solvent. Expel excess solvent by 
pumping plunger several times. Puncture the sample vial with the syringe needle and withdraw 
the sample into the syringe. 

3. Remove the syringe frorr. the sample vial and insert the needle into the barrel of the lrnl syringe. 
Inject the sample into the clean solvent. Hold the lml syringe so that the tip is up and gently push 
up on the plunger to remove excess air from the barrel. 

4. Replace the needle on thz lrnl syringe and add sufficient clean solvent to a final volume of lml. 
Transfer the entire contr:nts of the syringe into a labeled sample vial. Consult Table 4 for the 
appropriate volumes for :;tandard dilutions. Cap vial. 

Table 4 STANDARD DILUTIONS 

i Dilution 
Sample Volume Total Volume 

mL 

14.2.5 Perfom all qualitative 2nd quantitative measurements as described in Sections 14.4 and 14.5. 
After analysis, store the extracts in the dark at 0.1- 6°C. 

14.3 Analytical Sequence 

START CHEMSTATION SOFTWARE: 

From Win95 Desktop: Start/Programs/GC-MS Instrument #l/GC-MS Instrument #1 

The software will locate the instrument and all peripheral equipment. Once the software is fully loaded 
there will be two windows visible. Window one is the instrument control window. Instrument 
parameters are readily viewed From this window. The second window is the sequence control window. 
No instrument parameters are viewable from this window. 

SEQUENCE SETUP 

From menu: Sequence/Run 
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1. Set current date in Data File Directory space (i.e., C:\HPCHEM\l\DATA\060702\) 
2. OK (lo save changes) 

From menu: SequenceIEdit Sarlple Log Table 
1. Set data file name using current date using the following format MMDDW## (e.g., 06070201) 
2. Set up sequence order us ng the following format: (NOTE: CCV must always run first) 

SAMPLE NAME 
BLANK 

TPH 02 1 9 CCV TPHDIESEL-500 

5 I TPHH 0219 L- -- 
I MBLK MB-1234-TPH 

LCS LCS-1234-TPH 
SAMP 020600 1-00 1 A 
. . . 

-- 
I SAMP 020600 1-01 0A 

I TPH 0219 I BLANK002 I 
CCV TPHDIESEL-500-2 
CCV TPHGAS-500 

NOTE: The CCV must ?e, run after every 20 samples. 

TPH 0219 
'&-02 19 

3. OK (to save changes) 

CCV TPHOIL-500 
SAMP 0206001 -01 1A 

From menu: MethodlSet New Default Paths 
1.Update the method and data file paths using the current date (i.e., 

C:\MSDCHEM\ 1 \DATA\060702\) 
2. OK (to save changes) 

Use Windows Explorer to copy all of the method files from the previous day's folder into the current 
day's folder, 

T O  START SEQXTENCE: 
From menu: Sequence/Run/Kun Sequence 

The analytical sequence for Initic. 1 Calibration is: 

Solvent Blank 
Calibration standard (Sl) (Gasoliue) 
Calibration standard (S2) (Gasoline) 
Calibration standard (S3) (Gasoline) 
Calibmtion standard (S4) (Gasoline) 
Calibration standard (S5) (Gasoline) 
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Calibration standard (S6) (Gasoline) 
Calibration standard (S7) optional 
Initial Calibration Verification Standard (ICV) (Gasoline) 
Calibration standard (Sl) (Diesel) 
Calibration standard (S2) (Diesel) 
Calibration standard (S3) (Diesel) 
Calibration standard (S4) (Diesel) 
Calibration standard (S5) (Diesel) 
Calibration standard (S6) (Diesel) 
Calibration standard (S7) optional 
Initial Calibration Verification Standard (ICV) (Diesel) 
Calibration standard (S 1) (Motor Oil) 
Calibration standard (S2) (Motax Oil) 
Calibration standard (S3) (Motor Oil) 
Calibration standard (S4) (Motor Oil) 
Calibration standard (S5) (Motor Oil) 
Calibration standard (S6) (Motow Oil) 
Calibration standard (S7) optional 
Lnitial Calibration Verification Standard (ICV) (Motor Oil) 

The analytical sequence for Sample Analysis is: 

Solvent Blank 
Continuing Calibration Verification Standard (CCV (oil, gas, diesel)) 
Method Blank (MB) 
LCS 
LCS Duplicate (if applicable) 
Sample # 1 
Sample #I Matrix Spike (MS) 
Sample #1 Matrix Spike Duplicate (MSD) 
Sample #I  Laboratory Duplicate (if applicable) 
Samples #2, #3, etc. until the 20Ih injection from the last CCV 

Solvent Blank 
CCV (oil, gas, diesel) 
Samples #21 
Method Blank (MB) #2 
LCS #2 
LCSD #2 (if applicable) 
Sample #21 
Sample #21 Matrix Spike (MS) 
Sample #21 Matrix Spike Duplicate (MSD) 
Sample #21 Laboratory Duplicate (if applicable) 
Samples #22, #23: etc. until the 20" injection from the last CCV 
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14.4 Data Interpretation - Qualitative Analysis 
34.4.1 An analyte is identified based upon the Retention Time (KT) range of a standard of the suspected 

compounds, unless requested otherwise by the client. 
14.4.2 Identification is determined by retention time of the area summed peaks. Use SOP 1255 Manual 

Integration for other situations that may require analyst efforts to correct computer generated 
integrations that are not technically sound. 

14.4.3 The following area sum ;tart and stop times are to be used as a guide. Determine the appropriate 
stop and start times by overlaying the chromatograms of the three different standards at the 5000 
ppm level. 
Gasoline Range 3.6 - 10.0 minutes (gasoline start time - after MeC12 peak) 
Diesel Range 10.0 - 16.5 minutes (gasldiesel stoplstart - at lowest intersection) 
Oil Range 16.5 - 30 minutes (diesevoil) stoplstart - at lowest intersection) 

14.5 Data Interpretation - Quantitative Analysis 
14.5.1 Once a compound range has been identified, the quantitation of that compound range must be 

based on the integrated abundance. 
14.5.2 If the RSD of a range's response factor is 20 % or less, then the concentration in the extract is 

determined using the average calibration factor (CF) from initial calibration data (1 3.2). See 
Method 8000, Sec. 7.0, for the equations describing internal standard calibration and either linear 
or non-linear calibration:;. 

14.6 Records 
Record the following information in the appropriate logbook or data file. Include any deviations from 
this procedure. Analyst initials, date of analysis, sample number or ID, initial sample volume or weight 
processed, final extract volume, calibration standard sample or solution identifier, QC sample or 
solution identifier, surrogate solution identifier, any dilution information, readings from support 
equipment, data file name, ins;rument method name, visual observations, and any other information as 
deemed necessary. 

14.7 Troubleshooting 
The experience of the analyst performing GC analyses is invaluable to the success of the methods. 
Each day that the analysis is performed, the daily calibration standards must be evaluated to determine 
if the chromatographic system is operating properly. Questions that must be asked: Do the peaks look 
normal? Is the response obtained comparable to the response from previous calibrations? Carehl 
examination of the standard chromatogram can indicate whether the column is still good, if the 
injector is leaking, the injector septum needs replacing, etc. If any major changes are made to the 
system (e.g. column changed cr  detector cleaned), recalibration of the system must take place. 

14.8 Routine Maintenance - Record all maintenance 
14.8.1 Daily, or as needed according to sample throughput, change the septum and or the injection port 

liner. Trim a short section from the analytical column as necessary. Alternatively, the use of a 
guard column helps to protect the analytical column from residue buildup. A short section, 10 
to 20 cm, of the guard 2olumn may be trimmed as to improve column performance. Replace the 
column on an as needed basis (loss of resolution). 

14.8.2 Clean the detector on an as needed basis (loss of sensitivity). 
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14.8.3 Inspect the autosampler syringe for wear; replace as necessary. 
14.8.4 Check the carrier gas supply; replace as necessary. 

15.0 DATA REDUCTIONS, CAI. CULATIONS, AND LOADING 

15.1 The data system performs the calculations. 

15.1 .I If the %RSD of a range':; relative calibration factor is 20% or less, then the concentration in the 
extract may be detenninzd using the average calibration factor (CF) from the initial calibration 
data (13.2) and the following equation: 

where C,, is the concentration of the compound range in the extract, and the other terms are 
defined in Sec. 13.2. 

15.1.2 Alternatively, linear re;;ression (Sec. 13.2) may be used for determination of the extract 
concentration. 

15.2 Con~pute the concentration of the anal.yte in the sample using the equations in Secs. 15.2.1 and 15.2.2. 

15.2.1 The colicentration of the analyte in the liquid samples is calcuIated using the concentration of the 
analyte in the extract antl the volume of liquid extracted, as follows: 

Concentration in liquid (mg/L) = CE * Vr 
V i 

or 
Concentratio11 in liquid (pg/L) = &, * Vf * 1000 

v, 
where. 
V, = final extract ~~o lume  in mL (includes any dilution volumes) 
V, = initial volumc of liquid extracted, in mL. 

15.2.2 The concentration of tht: analyte in the solid sample is calculated using the concentration of the 
analyte in the extract antl the weight of the solid extracted, as follows: 

Concentration in sclid (mg/Kg) = Crr * Vf 
Wi 

Concentration in sclid (pg/Kg) = Csz * Vf * 1000 
Wi 

where: 
Vf = final extract ./olume in mL (includes any dilution volumes) 
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Wi = initial sample weight, in g. 

For soil samples reported on dry weight basis, divide the Concentration by the decimal 
equivalent of the Pe--cent Solids. For example: a sample contains 90% solids, thus 

Concentration in solid (mg/Kg) dry weight = C, * Vf 
W i  * 0.90 

15.3 See SOP 1040 General Laboratary Practices for additional calculations. 

16.0 METHOD PERFORMANCIS 

Demonstration of Capability (DOQ 

All parameters of interest must rreet the method acceptance criteria before actual sample analysis begins. 
See SOP 1230 Training for the procedure to perform and document the DOC. The DOCS for the analysts 
performing this method are 1ocatt:d in the analysts' training fbrm folders located in the QA office files. 

A quality control (QC) reference: concentrate is required containing each analyte at a concentration of 
1000 pg/mL io acetone. The QC reference sample used is tht: IC\' Spike solutions (refer to Section 10.6 
for composition). The QC reference sa~~iple is made using stock standards prepared independently from 
those used for calibration. 

For each analyte calculate the mean recovery (x) and standard deviation (s) and the average % Recovery 
(9hR). Compare X and s and %I: with the corresponding acceptance criteria for accuracy and precision, 
respectively. Note: x must be withn 25% (750 and 1250 pg/mL) and s must be less than 250 pg/L and 
%R must be within 50 to 1500/il. If x and s and %R for all analytes meet the acceptance criteria, the 
system perfomlance is acceptable and analysis of actual samples can begin. If any individual x or %R 
falls outside the range for accuracy or any individual s exceeds the precision limit, then the system 
performance is unacceptable for .hat analyte and corrective action must be taken. 

Locate and correct the source of the problem and repeat the test only for those analytes that failed to meet 
criteria. Repeated failure, however, will confirm a general problem with the measurement system. If this 
occurs, locate and correct the source of the problem and repeat the test for all compound ranges of 
interest. 

Com~arison to Reference Method Data 
EPA Method 8000B provides guidance for the establishment of control limits for the LCS and MS QC 
samples. Recovery limits of 70% to 130% are provided as initial benchmarks for performance (8000B 
Section 8.5.4). These limits are designed for a wide variety of organic test methods. Individual analyte 
performance may vary. 

In-House Control Limits 
Method performance data is on file in the laboratory QC department. Comparison of method performance 
data for the laboratory to the reference method criteria occurs when laboratory in-house acceptance limits 
are generated. In-house generatad data is compared to the specifications of the reference method. If the 
in-house limits are within tlle s?ecificstions of the reference method, the control limits are updated in 
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LIMS. If the in-house limits are not w i t h  specifications, an investigation is performed to determine the 
cause(s) of the problem and a corrective action is completed. The analysis may continue until enough 
data points are collected to regenerate new control limits. Any QC data generated outside of reference 
method limits during that time frzme is flagged. 

The laboratory maintains perfomlance records to document the quality of data that is generated. Method 
accuracy for samples is assessed and records maintained. AAer the analysis of 20 laboratory control 
samples, calculate the average pzrcent recovery (R) and the standard deviation of the percent recovery 

(S). 

Control limits for the method parameters are generated by the QC staff and distributed to the analysts via 
updates to the LIMS control ch:irts. The control limits are calculated based on in-house performance 
data. At a minimum, these limits are reviewed annually. 

17.0 POLLUTION PREVENTION 

The preparation of excessive vol-lmes of laboratory reagents and standards shall be avoided so that waste 
and potential for pollution are minimized. Samples, reagents and standards shall be disposed in 
compliance with the lab waste tlisposal program, SOP 1130 Waste Disposal. With the consent of the 
client, the samples may be return:d to their origin for treatment. 

Uncontaminated paper waste, glass and cans should be separated for recycling. Laboratory staff are 
required to protect the laborator\l's and our clients' business information when disposing recycled paper 
or waste from the facility. 

18.0 DATA ASSESSMENT AND CRITERIA FOR QUALITY CONTROL MEASURES 

Data assessment includes revieu of: proper sample condition, preservation, and storage; analysis within 
holding time limitations; deviatims from the SOP, evaluation of performance based or in-house control 
limits, reference method limits 01- project specific limits. 

The laboratory must maintain rt:cords to document the quality of data that is generated. Ongoing data 
quality checks are compared with established performance criteria to determine if the results of analyses 
meet the performance characteristics of the method. When results of sample spikes indicate atypical 
method performance, a calibration verification standard is used to confirm the measurements were 
performed in an in-control mode of operation. The data review is conducted according to SOP 1250 Data 
Review. 
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18.1 Blanks 

If the blank exceeds the RL, the lowest calibration standard, the source of contamination must be 
investigated and corrective actions taken. The range concentrations in the method blank of an extraction 
batch must be less than the RL's listed in Attachment 1. If this .criteria is exceeded, re-analyze the 
method blank. If after re-analysis, the blank criteria is still exceeded, then the entire extraction batch 
must be re-extracted. Always rt:fer to a client specific QAPP for additional guidance. 

Affected samples must be repro~essed and reanalyzed o r  Data must be appropriately qualified if: 

1) l'he concentration of a tarl;eted analyte in the blank is at or above the reporting limit as established 
by the SOP or by regulation, is greater than 111 0 of the amount measured in any sample. 

2) The blank contamination otherwise affects the sample results as per the test method requirements 
or the individual project data quality objectives. 

18.2 Laboratory Control Samples (LCS) 

The results of the individual batch LCS are calculated in percent recovery (%R) and compared to 
established acceptance criteria from in house analyses. If the LCS is outside the acceptance criteria, see 
Table 5 for current acceptance criteria, the analytical system is "out of control." Any affected samples 
associated with an out of control LCS must be reprocessed and reanalyzed or the results reported with 
appropriate data qualifiers. If after re-analysis the control criteria has not been met, the entire extraction 
batch must be re-extracted. Always refer to a client specitic QAPP for additional guidance. 

Table 5 LCS 

I Compound range ( Soil Recovery 1 Water Recovery 1 

18.3 Duplicates 

The results from laboratory dilplicates are designed to assess the precision of analytical results in a 
given matrix and are expressed as relative percent difference (RPD). See the STAT Quality Assurance 
Manual, Section 5.4 for the c:alculation for RPD. Results are compared to establ~shed acceptance 
criteria as listed in the MSIM3D Tables 7 and 8. For duplicates results outside established criteria, 
corrective action must be documented or the data reported with appropriate data qualifying codes. 

For this test method, the anal3sis of the MS/MSD pail- is used for determination of method precision. 
For cases where the sample cannot be divided (e.g., wipes, air samples, not enough sample provided by 
customer) and thus a MSIMSD pair is cannot be prepared in the preparation batch, an LCSkCSD pair is 
prepared and analyzed to measure precision. Precision data from Tables 7 and 8 will be used for RPD 
acceptance criteria for LCSILCSD. 
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18.4 Matrix Spikes 

18.4.1 The results from MSIMSD are primarily designed to assess the precision and accuracy of 
analytical results in a given matrix and are expressed as percent recovery (%R) and relative 
percent difference (RPD). See the STAT Quality Assurance Manual, Section 5.4 for the 
calculation for RPD. For matrix spike results outside established criteria corrective action must 
be documented or the data reported with appropriate data qualifying codes. 

18.4.2 Table 7 shows the compound ranges spiked, the levels and the current QC criteria for soils and 
water samples. 

Table 7 Matrix S ~ i k e  - Soil and Aaueous 
Compound range Amount Atnount RPD % Recovery I added I added I Limit / 
Gas Range 

18.5 Other 

Diesel Range 1. 200 ] 1000 1 25 1 30-1 50 

The laboratory will analyze standard reference materizls and participate in relevant Internal Blind QC 
studies semi-annually. 

200 

Oil Range 

19.0 CORRECTIVE ACTIONS FOR OUT-OF-CONTROL DATA 

200 1 1000 1 25 1 30- 150 

The process for handling uriacce~table and out of control data is found in SOP 230 Corrective Action. 

pg/L 
1000 

If the CCV, MB, LCSLCSD, bIS/iMSD, lab duplicate, or recovery of any parameter falls outside the 
designated acceptance range, the laboratory performance for that parameter is judged to be out of control, 
and the problem must be immediately identified and corrected. The analytical result for that parameter in 
the samples is suspect and is olly repofied for regulatory compliance purposes with the appropriate 
corrective action form. Immediste corrective action includes reanalyzing all affected samples by using 
any retained sample before the e:;piration of the holding time. Final data results must be qualified in the 
client report for reported results not meeting the laboratorydefmed criteria. 

1) Review standards preparation logboaks. Check all calculatic?ns and ensure dilution factors are 
properly recorded. 

2) Re-prepare the suspected standard or QC sample to identify possible preparation errors of the 
standard or QC sample. 

25 

3) Re-Analyze the samples whel the CCV or LCS is not within acceptable limits. 

30-1 50 

4) Perform routine preventati-/e maintenance following manufacturer's specification. Record all 
maintenance in the instrumer t logbook. 
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20.0 CONTINGENCIES FOR IHANDLING OUT-OF-CONTROL OR UNACCEPTABLE 
DATA 

Every effort is made to prevent problems from occurring. When out of control or unacceptable data 
occurs the first option is to iderltifl the problem and reanalyze the samples within the holding times. 
When this is not possible, the QA Manager andlor the Laboratory Director reviews data and discusses 
options with the client. Reanalysis or reporting the data with qualification are alternatives. Out of 
control or unacceptable data repcbrted to the client must include the data qualifier, flag and discussion on 
the rationale for reporting. 

Holding time exceedence, improper preservation and improper sample condition or storage are noted on 
the corrective action form and included on the final report. 

Review the CCV standard response and LCS result for acceptable performance for each batch of 
samples. Record any trends or unusual performance on a corrective action form. Final data results must 
be qualified in the client report for results not meeting the laboratory-defined criteria. 

Manual integration must be rninjmized for standards and reagent blanks. Routine manual integration of 
the same parameters indicates it system performance problem. Correct this problem or note in the 
instrument analysis logbook the suspected causes for routine manual integration. Sign and date all 
manually integrated chromatograms. 

20.1 The process for handlint: unacceptable and out of control data is found in the Laboratory QAM 
Section 1 1 .  The reportilg of data that is out of control must be approved and documented by 
Quality Assurance Manazer and either the Technical Manager or the Laboratory Director. 

20.2 Client Requested Modifi,:ations: 

20.2.1 Clients must request modifications from the laboratory SOP in writing to the lab. 

20.2.2 The lab directol, technical manager and quality assurance manager will evaluate the 
requested client deviations, determine the feasibly of the deviation and the potential 
effects on the da a. 

20.2.3 If it is determined that the lab will perform the requested deviations, lab director, 
technical manager and quality assurance manager will decide if a method validation 
study is required. 

20.2.4 The designated .xoject manager will retain all documentation concerning the requested 
deviation, including all correspondence with the client, in the client folder. 

20.2.5 The final analj~ical report must include the statement "This report has analyses 
per-formed using client requested modifications ". 
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21.0 WASTE MANAGEMENT 

The STAT Analysis Corporaticn Waste Disposal SOP 1130 identifies proper waste management 
practices for the chemicals and biological materials used in this procedure. Samples are stored and 
discarded accordance with SOP 1 130 Waste Disposal. 

22.0 REFERENCES 

Method 8015B, Revision 1, December 1996; U.S. EPA SW-846 "Test Methods for Evaluating 
Solid Waste. PhysicaVCh:mical Methods" Update In, December 1996. 
SW-846 8000B Determinative Chromatographic Separations 
"USEPA Contract Laboatory Program Statement of Work for Organic Analysis" Revision' 
OLM04.2 May 1999, J. S. Environmental Protection Agency. Office of Solid Waste, 
Washington DC 20460. 
SAP 003 Chemical Hygiene Plan 
SOP QA 230 Corrective Actions 
SOP 1000 Control and Use of Laboratory Notebooks 
SOP 10 10 Analytical Standards and Reagents Receipt and Preparation 
SOP 1040 General Laboratory Practices 
SOP 1 130 Waste Disposal 
SOP 12 10 Method Detec ion Limit 
SOP 1230 Training 
SOP 1250 Data Review 
SOP 1255 Manual Intepdion 
SOP 1400 LIMS 
SOP 3500 Extractions of Samples for Semi-volatile Organic Analysis 
Manufacturers' Equipment Instruction Manuals 

23.0 FORMS, FIGURES, TABLES, DIAGRAMS, FLOWCHARTS, ATTACHMENTS OR 
VALIDATION DATA 
Attachment 1 : MDL's and RE 'ORTING LIMITS FOR TPH COMPOUND RANGES 
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Water 
Compound ranges I MDL 

(wk) 
Gasoline Range 
Diesel Range 
Oil Ranee 0.01 

Soil 

0.1 1.1 
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1.0 Identification of Test Method 

SOP Title: pH of Aqueous, Soil, and Waste Samples by EPA 9040B, 9045C, 150.1 is also known as pH in 
the laboratory records. 

2.0 Applicable Matrix or Matrices 

The applicable matrices for this analysis are water, soils and non-aqueous wastes Multiphasic aqueous 
wastes must contain at least 20% aqueous content for this test to be effective. Soils and non-aqueous 
waste must contain less than 20% aqueous content for this test to be effective. The method is not 
applicable to organic liquids and concentrated acids and bases. 

3.0 Detection Limits 

There is no laboratory Reporting Limit (RL) for this method. This method measures a property of the 
tested sample and is based upon the instrument used to perform the analysis. The theoretical range for pH 
measurement is 0 to14 pH units. MDL is not applicable for this test. However, the laboratory uses a 
reporting range of 2 to 12.4 pH units. 

4.0 Scope and Application 

This method is used to measure the pH or hydrogen ion content of aqueous liquids and aqueous extracts of 
solid samples. pH is a measure of the acidic (increased hydrogen ion content), neutral, or basic (decreased 
hydrogen ion content) nature of the tested material. A reading of 7 indicates a neutral solution. pH 
readings less than 7 indicate an acidic nature. The lower the pH reading, the more acidic the solution. pH 
readings greater than 7 indicate a basic nature. The higher the pH reading, the more basic the solution. 

Note: Each analyst/ work cell must demonstrate the ability to generate acceptable results with this method. 

5.0 Summary of Method 

5.1 The pH of the sample is determined electrometrically using either a glass electrode in combination with a 
reference potential or a combination electrode. 

5.2 The pH of a sample is measured using a pH meter calibrated using a series of standard solutions of 
known pH. 

5.3 Whenever possible, samples are analyzed @ 25°C. Unless a temperature correction routine is used by 
the instrument, samples.of different temperatures must be equilibrated to and results reported @ 25°C. 

5.4 The instrument used for this test has an automatic temperature compensation routine to correct pH 
readings at various temperatures. The reported result is stated as pH @ 25OC. 

5.5 For solid samples and non-aqueous sludges, the sample is mixed with laboratory reagent water. The pH 
of the water extract is then measured. 
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Method Modifications fiom Reference 
a) The method recommends that the sample pH measurement be determined as soon as possible. The 

laboratory endeavors to perform this test as soon as is reasonably possible after sample receipt. 
b) The laboratory measures reagent water used in 9040 B and 9045C in grams instead of milliliters. 

6.0 Definitions 

The STAT Analysis Corporation Quality Assurance Manual (QAM) contains the definitions of standard 
terms used in this SOP. 

7.0 Interferences 

7.1 The glass electrode, in general, is not subject to solution interferences from color, turbidity, colloidal 
matter, oxidants, reductants, or moderate ( ~ 0 . 1  molar solution) salinity. 

7.2 Sodium error at pH levels >I0 can be reduced or eliminated by using a low-sodium-error electrode. 

7.3 Coatings of oily material or particulate matter can impair electrode response. These coatings can usually 
be removed by gentle wiping or detergent washing followed by rinsing with reagent water. An additional 
treatment with hydrochloric acid (I:  10) may be necessary to remove any remaining film. 

7.4 Temperature effects on the electrometric determination of pH arise fiom two sources. The first is caused 
by the change in electrode output at various temperatures. This interference should be controlled with 
instruments having temperature compensation or by calibrating the electrode-instrument system at the 
temperature of the samples. 'The second source of temperature effects is the change of pH due to changes 
in the sample as the temperature changes. This error is sampledependent and cannot be controlled. 

8.0 Safety 

8.1 All samples must be assumed as hazardous and appropriate precautions taken during handling. 

8.2 Safety glasses, gloves, lab coats and closed toe shoes are to be worn. 

8.3 Other safety precautions must be conducted in accordance with the Chemical Hygiene Plan. Other 
actions can also be applied if deemed necessary. A reference file of material safety data sheets (MSDS) 
is available in each room for personnel involved in an analysis using chemicals. 

9.0 Equipment and Supplies 

9.1 Model 340 pH meters with electrode (a combination electrode that incorporates both measuring and 
referenced functions with solid, gel-type filling materials that require minimal maintenance). 

9.2 Top loading balance, capable of weighing to 0.01 g 

9.3 Glass Beaker, 50 mL, I00 mL and 250 mL 

9.4 Magnetic stirrer with stir bar 
SOP 4210 pH of Aqueous, Soils, and Wasle Samples by EPA 9404B,9045C, 150.1 
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9.5 Disposable plastic beakers 

9.6 Glass or plastic storage bottles with caps 

9.7 Metal or wooden spatulas 

10.0 Reagents and Standards 

The following reagents and standards are required to perform this procedure. When instructions are given 
on how to prepare a specific volume of a reagent or standard, larger or smaller volumes can be prepared as 
needed so long as the final concentrations remain the same. Any other deviations from the reagents or 
standards listed in this SOP could be detrimental to the quality of the data produced. Such deviations 
would have to be approved and documented (see SOP 230 Corrective Action). 

10.1 Instructions for labeling and record keeping of reagents and standards are contained in SOP 1010 
Analytical Standards and Reagents Receipt and Preparation. 

10.2 Reagents - In methods where the purity of reagents is not specified, analytical reagent grade shall be 
used. Reagents of lesser purity than those specified by the test method shall not be used. 

1 0.3 Standards 

10.3.1 At least one of the standards must be traceable to a NlST traceable source when available. The 
manufacturer should include a certificate of analysis for each standard. If one is not provided, 
contact the manufacturer. Retain all certificates in the designated binder (see SOP 10 10 Analytical 
Standards and Reagents Receipt and Preparation ). 

10.3.2 pH buffer solutions: Commercially purchased used for the ICAL. Buffers at pH 4 and 10. The 
solutions can be stored in the origina1 container at room temperature for 1 year or as indicated per 
the manufacturer's instructions. 

10.3.3 pH buffer solutions: Commercially purchased used for the ICVICCV. These must be from a 
second source or different lot number from the ICAL buffer solutions. Buffers are at pH 2, 4, 7, 
10, and 12.45. The solutions can be stored in the original container at room temperature for 1 year 
or as indicated per the manufacturer's instructions. 

10.3.4 pH buffers may be transferred from the original container and stored in small plastic or glass vials 
for up to one week. The electrode may be placed directly in the vial for pH determination. Cap the 
vial after each use. Label each vial accordingly. 

11.0 Sample Collection, Shipment, Preservation and Storage 

Sample Collection 

Samples should be collected in plastic (preferable) or glass bottles. All bottles must be thoroughly 
cleaned and rinsed with reagent water. The volume collected (minimum 100 rnL or 4 oz) should be 
sufficient to insure a representative sample, allow for replicate analysis (if required), and minimize waste 
disposal. 
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1 1.2 Sample Preservation 
Aqueous samples must be analyzed as soon as possible upon receipt at the laboratory. Store samples at 
0.1 to 6 OC. Non-aqueous samples must be analyzed as soon as is reasonably possible upon receipt at the 
laboratory or when requested by the client. Store samples at 0.1 to 6 OC. 

1 1.3 Sample Shipment and Handling 
Samples should be received by the laboratory on ice (preferably in a cooler) 

1 1.4 Sample Storage 
Samples are stored refrigerated at 0.1 - 6OC. Sample analysis cannot be performed within holding time 
(1 5 minutes). See Section 5, Method Modifications. 

12.0 Quality Control 

The following details the QC requirements that apply to this analysis. Each Quality Control Indicator 
(QCI) provides information pertaining to either method or individual sample performance. 

The results of these QCI samples are used to assess the acceptability of data. 

Duplicates 
Duplicates are defined as replicate aliquots of the same sample taken through the entire analytical 
procedure. The results from this analysis indicate the precision of the results for the specific sample using 
the selected method. The duplicate provides a usable measure of precision only when target analytes are 
found in the sample chosen for duplication. 

Duplicates are analyzed at one per batch of 20 samples or fewer. Duplicates are performed on replicate 
aliquots of actual samples. 

Samples chosen for duplicate analyses are rotated among different clients andlor different client projects. 
This is accomplished through communication between the Department Manager and the analyst. In 
addition, designated samples, as indicated by client request or contract requirement, are analyzed as 
laboratory duplicates. 

13.0 Calibration and Standardization 

Initial Calibration (ICAL) 
In addition to achieving the reference method requirements for the minimum number of calibration 
standards and the acceptance criteria (statistics) for calibration curve fit, the following ICAL criteria also 
apply: 

13.1 The ICAL must be a minimum of 2 standards. 

13.2 The ICAL must be verified with a second source standard (ICV) prior to the analysis of samples. 

13.3 The theoretical range of measurement for the instrument is 0 to 14 pH units. 
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13.4 MDL is not applicable for this test. 

Initial Calibration Verification (ICVL 
The following ICV criteria also apply: 

13.5 Must be a second source standard from the ICAL standards or from a different manufacturer lot number. 

13.6 Must be traceable to NIST when available. 

Continuing Calibration Verification (CCV) 
In addition to the method requirements, the following CCV criteria also apply: 

13.7 May be repeated at the beginning of each analytical batch. 

13.8 Must be repeated every 10 samples and at the end of each analytical batch. 

13.9 If the CCV results obtained are outside the acceptance criteria, routine corrective actions must be 
performed. If routine corrective actions fail to produce an acceptable second consecutive (immediate) 
CCV, then either the lab has to demonstrate performance after corrective action with two consecutive 
successful CCVs, or a new ICAL must be performed. If the instrument has not demonstrated acceptable 
performance, sample analyses cannot continue until a new ICAL is established and verified with an ICV. 

13.10 Records: Initial and Continuing Calibration Records will contain, at a minimum, the following: 

Calibration date 
Test method 
Instrument 
Analysis date 
Analyst's initials or signature 
Standard pH and number of standards 
Response (appropriate units) 
Evaluation of and Acceptance Limits for 1CV analysis in order to judge calibration curve acceptance 
Evaluation of and Acceptance Limits for CCV analysis in order to judge continuing calibration 
acceptance 
Calibration Standards Solutions IDS 

SOP 4210 pH of Aqueous, Soils, and Wasle Samples by EPA 9404B, 9045C, 150.1 
Revision 0 1 

Effective Date: July 15,2005 
Page 7 of 13 

File Name: ',\Hamson\,D\Quality ControlQuality Manual & SOPs\4000 Anaylical SOPs\SOP 42 10 pH\4210 pH 101 .doc 



Analysis Corporation 

Table 13.1 Quick reference of Instrument Calibration Requirements 

QcI 

ICAL 

ICV 

CCV 

1 10 I applicable to the test range I units* I CCV or repeat initial calibration I 
* The 12.45 buffers is temperature sensitive. Record the test conditions (i.e., temperature) for comparison 

CCV 

CCV 

purposes to the certified value. 

Frequency 

Daily, or as needed 

After ICAL 

Beginning (optional), every 10 

Balances - Be sure the balance is checked prior to use and performance criteria are met (see SOP 1040 General 
Laboratory Practices for Calibration of Balances). 

sample and end of batch 
Beginning (optional) and after 
samples < 4 
After any sample with pH > 

14.0 Procedure 

Standards 

pH 4 and 10 buffers 

pH 7 buffer, 

pH 7 buffer, as applicable 

14.1 Instrument Set-Up (General) 

to the 4 to 10 test A g e  
pH 2 buffer, as applicable 
to the test range 
pH 12.45 buffer, as 

14.1.1 Connect the electrode to the meter 

Control 
Limits 

N/ A 

* 0.05 
pH unlt 
* 0.1 pH 

14.1.2 Plug the AC power connector into the back of the unit and plug the adaptor into the AC power 
source. 

Corrective Action 

Correct problem then repeat 
mltial calibration 
Correct problem then repeat 
initla1 callbration 
Correct problem then repeat 

unit 
+ 0.1 pH 
unit 
* 0.1 pH 

14.1.3 Turn on the pH meter - onloff bunon. 

CCV or repeat initial calibration 
Correct problem then repeat 
CCV or repeat initial calibration 
Correct problem then repeat 

14.1.4 Place the electrode in the solution, stir electrode in solution or use magnetic stirrer, allow meter to 
stabilize and read answer on display. 

14.1.5 Turn off pH meter - onloff button. 

14.2 Calibration 

14.2.1 Erase any existing calibration data. 

14.2.1 . l .  Press the "cal" bunon, then the "clear" button to remove the existing calibration. 

14.2.1.2. The message "clr" appears in the numeric display. To confirm the removal of the 
calibration, press "clear" again. 

14.2.2 Pour the ICAL solution (first pH buffer) into a clean beaker with stir-bar and place on magnetic 
stirrer. 

14.2.3 Insert the electrode completely into the ICAL solution. 
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14.2.4 Press "read" key. Wait until the Auto-eye stops flashing, indicative of a stable reading. 

14.2.5 Repeat the above steps 14.2.2 through 14.2.4 for the additionalcalibration buffers. 

14.2.6 Press "cal" to complete calibration. 

14.2.7 The instrument is now calibrated. 

14.2.8 Analyze the ICVICCV buffer according to Table 13.1. Take corrective action if sample acceptance 
criteria are not met. 

14.3 pH Measurement - Aqueous Samples 

14.3.1 Allow samples to come to room temperature (23 to 27OC) if possible. 

14.3.2 Place the electrode in the sample solution ( 1  5 to 50 mL of sample in a clean beaker or disposable 
plastic cup with stir-bar) and place ,on magnetic stirrer. Swirling the electrode, instead of using a 
magnetic stir bar, in the solution is permitted provided that the solution is well mixed and a steady 
reading is obtained. 

14.3.3 Read the answer on the digital display while stirring the electrode in the solution. Record the pH 
value in the logbook. Ensure that the temperature compensation is in effect. 

14.3.4 Set the ONIOFF toggle switch to the OFF position when fmished. 

NOTE: For samples containing multiple phases, where the aqueous content is greater than 20%, remove 
approximately 20 mL of the aqueous phase. From the subsampled portion, follow the above procedure 
(1 4.3) 

14.4 pH Measurement - Soil Samples 

14.4.1 Weigh 20 g of soil (to the nearest 0.5 g) in a 50-mL beaker, record weight in logbook, add 20 g of 
reagent water, add a stir bar, and continuously stir the suspension for 5 minutes on the magnetic 
stirrer. Be sure to break up solid material as much as possible in order to obtain a homogeneous 
sample while stirring. Additional dilutions are allowed if working with hygroscopic soils and salts 
or other problematic matrices. 

14.4.1.1 NOTE: There is a pH test for soil samples that is called "10% p H .  This is a specific 
request and has its own test code in LIMS. For this test, perfom the following: Weigh 
10 g of soil (to the nearest 0.1 g) in a 250-mL beaker, add 100 g of reagent water, add a 
stir bar, and continuously stir the suspension for 5 minutes on the magnetic stirrer. 
Record the weight of the sample in the logbook. 

14.4.2 Let the soil suspension stand for about 30 minutes to allow most of the suspended clay to settle out 
from the suspension or filter or centrifuge off the aqueous phase for pH measurement. 
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14.4.3 Place the electrode in the sample solution, immerse just below the suspension to obtain good 
contact. 

14.4.4 Read the answer on the digital display. Record the pH value in the logbook. 

14.4.5 Set the ON/OFF toggle switch located on the back of the unit to the OFF position when finished. 

14.5 pH Measurement - Non-Aqueous Waste Samples 

14.5.1 Weigh 20 g of waste sample (to the nearest 0.5 g) in a 50-mL beaker, add 20g of reagent water, add 
a stir bar, and continuously stir the suspension for 5 minutes on the magnetic stirrer. Record the 
weight of the sample in the logbook. Additional dilutions are allowed if working with hygroscopic 
wastes and salts or other problematic matrices. 

14.5.2 Let the waste suspension stand for about 15 minutes to allow most of the suspended waste to settle 
out from the suspension or filter or centrifuge off aqueous phase for pH measurement. NOTE: If 
the waste is hygroscopic and absorbs all the reagent water, begin the determination again using 20 
g of waste and 40 g of reagent water. NOTE: If the supernatant is multiphasic, decant the oily 
phase and measure the pH of the aqueous phase. The electrode may need to be cleaned if it 
becomes coated with an oily material. 

14.5.3 Place the electrode in the sample solution, immerse just below the suspension to obtain good 
contact. 

14.5.4 Read the answer on the digital display. Record the pH value. 

14.5.5 Set the ON/OFF toggle switch located on the back of the unit to the OFF position when finished. 

14.6 General Operating Techniques 

14.6.1 Use very clean beakers or disposable cups. 

14.6.2 Avoid cross-contamination between measurements by rinsing the electrode in reagent water and by 
rinsing the electrode and the beaker in the solution to be tested. 

14.6.3 For best resuIts, the solution temperature should remain constant during the readings. The ideal 
temperature is 25.0°C (77.0°F). 

14.6.4 Make certain to sustain flow through the electrode while making your readings. Stirring helps 
prevent polarization, ensures that the solution is well mixed, and helps to maintain a uniform 
temperature within the solution. 

14.6.5 When finished using the electrode, always rinse it in reagent water and store dry or in reagent 
water. Solutions which are allowed to dry on the electrode wiIl eventually block the membrane and 
the surface area will be reduced. A new electrode may be required. 

14.7 Troubleshooting and cleaning procedures can be found in the instrument manual. 
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15.0 Data Reduction, Calculations and Loading 

15.1 The procedure for uploading data into the LIMS system is detailed in SOP 1400 LIMS. 

15.2 Temperature correction: All readings displayed are automatically temperature compensated and 
corrected to the internationally accepted standard of 25°C. 

15.3 Report results as pH @ 25°C. 

16.0 Method Performance 

Demonstration of Capability (DOC) 
All parameters of interest must meet the method acceptance criteria before actual sample analyses begin. 
See SOP 1230 Training for the procedure to perform and document the DOC. The DOCS for the analysts 
performing this method are located in the analysts' training form folders located in the QA ofice files. 

The ICV/CCV solution, pH 7 @ 25"C, may be used for calculating the DOC. 

For each determination, calculate the mean recovery (x) and standard deviation (s). Compare x and s with 
the corresponding acceptance criteria for accuracy and precision, respectively. Note: x must be within 0.1 
pH units @ 25°C and s must be. less than 0.1 pH units @ 25°C. These limits are based upon the reference 
method. If x and s for the determinations meet the acceptance criteria, the system performance is 
acceptable and analysis of actual samples can begin. If any individual x falls outside the range for 
accuracy, or s exceeds the precision limit, then the system performance is unacceptable for the 
determination and corrective action must be taken. 

Com~arison to Reference ~e t ' hod  Data 
There is no reference method data for laboratory duplicate analyses of environmental test sample matrices. 

In-House Control Limits 
Method performance data is on file in the laboratory QC department. Comparison of method performance 
data for the laboratory to the reference method criteria occurs when laboratory in-house acceptance limits 
are generated. In-house generated data is compared to the specifications of the reference method. If the in- 
house limits are within the specifications of the reference method, the control limits are updated in LIMS. 
If the in-house limits are not within specifications, an investigation is performed to determine the cause(s) 
of the problem and a corrective action is completed. The analysis may continue until enough data points 
are collected to regenerate new control limits. Any QC data generated outside of reference method limits 
during that time frame is flagged. 

The laboratory maintains performance records to document the quality of data that is generated. Method 
accuracy for samples is assessed and records maintained. 
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17.0 Pollution Prevention 

The preparation of excessive volumes of laboratory reagents and standards shall be avoided so that waste 
and potential for pollution are minimized. Samples, reagents and standards shall be disposed in compliance 
with the laboratory waste disposal program and applicable waste disposal regulations. With the consent of 
the client, the samples may be returned to their origin for treatment: 

Uncontaminated paper waste, glass and cans should be separated for recycling. Laboratory staff are 
required to protect the laboratory's and our clients' business information when disposing of recycling or 
waste from the facility. 

18.0 Data Assessment and Criteria for Quality Control Measures 

The laboratory must maintain records to document the quality of data that is generated. Ongoing quality 
checks are compared with established performance criteria to determine if the results of analyses meet the 
performance characteristics of the method. The data review is conducted according to SOP 1250 Data 
Review. 

Duplicates 

The results from laboratory Duplicates are designed to assess the precision of analytical results in a given 
matrix and are expressed as relative percent difference (RPD). See the STAT QAM, Section 5.4 for the 
calculation for RPD. 

Results are compared to established acceptance criteria (in-house limits); Duplicate RPD limits are 10% for 
water samples and 20% for solid or waste samples. 

For duplicates results outside established criteria corrective action must be documented, or the data for the 
duplicate sample is reported with appropriate data qualifying codes. 

19.0 Corrective Actions for Out-of-Control Data 

The process for handling corrective actions is found in SOP 230 Corrective Action. 

If the CCV or lab duplicate recovery falls outside the designated acceptance range, the laboratory 
performance for that parameter is judged to be out of control, and the problem must be immediately 
identified and corrected. The analytical result for that parameter in the samples is suspect and is only 
reported for regulatory compliance purposes with the appropriate corrective action fonn. Immediate 
corrective action includes reanalyzing all affected samples by using any retained sample before the 
expiration of the holding time. Final data results must be qualified in the client report for reported results 
not meeting the laboratory-defined criteria. 

1) Review standards preparation logbooks. Check all calculations and ensure dilution factors are properly 
recorded. 
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2) Re-prepare the suspected standard or QC sample to identify possible preparation errors of the standard 
or QC sample. 

3) Re-Analyze the samples when the CCV is not within acceptable limits. 

4) Perform routine preventative maintenance following manufacturer's specification. Record all 
maintenance in the logbook. 

20.0 Contingencies for Handling Out-of-Control Or Unacceptable Data 

Every effort is made to prevent problems from occumng. When out of control or unacceptable data occurs 
the first option is to identify the problem and reanalyze the samples within the holding times. When this is 
not possible, the QA Manager andlor the Laboratory Director reviews data and discusses options with the 
client. Reanalysis or reporting the data with qualification are alternatives. Out of control or unacceptable 
data reported to the client must include the data qualifier, flag and discussion on the rationale for reporting. 

20.1 The process for handling unacceptable and out of control data is found in the Laboratory QAM Section 
1 1. The reporting of data that is out of control must be approved and documented by Quality Assurance 
Manager and either the Technical Manager or the Laboratory Director. 

21.0 Waste Management 

The STAT Analysis Corporation SOP 1 130 Waste Disposal identifies proper waste management practices 
for the chemicals and biological materials used in this procedure. Samples are stored and discarded 
accordance with SOP 1130 Waste Disposal. Buffer solutions may be disposed of in the sink. 

22.0 References 

Methods 9040B and 9045C, U.S. EPA SW-846 "Test Methods for Evaluating Solid Waste, 
PhysicaliChemical Methods" Update 111, December 1996 
Method 150.1, EPA Manual 60014-079-020, Revised March 1983 
Instruction Manual for Bench pH Meter 
STAT Analysis Corporation Quality Assurance Manual 
STAT SOP 003 Chemical Hygiene Plan 
STAT SOP 230 Corrective Actions 
STAT SOP 1000 Control and Use of Laboratory Notebooks 
STAT SOP 101 0 Standard and Reagent Preparation 
STAT SOP 1040 General Laboratory Procedures 
STAT SOP 1130 Waste Disposal 
STAT SOP 1 230 Training 
STAT SOP 1250 Data Review 
STAT SOP 1400 LlMS 

23.0 Forms, Figures, Tables, Diagrams, Flowcharts, Attachments or Validation 
Data 

Not applicable to the SOP. 
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1.0 IDENTIFICATION OF TEST METHOD 

SOP Title: Metals Analysis by Inductively Coupled Plasma - Mass Spectrometry (EPA Method 
6020 and EPA Method 10-3.5) is abbreviated as ICP-MS in the laboratory records. 

2.0 APPLICABLE MATRICES 

Inductively coupled plasma-mass spectrometry (ICP-MS) is applicable to the determination of 
pg/L and sub- pg/L concentrations of a large number of elements in water samples and in waste 
extracts or digests. When dissolved constituents are required, samples must be filtered and acid- 
preserved prior to analysis. No digestion is required prior to analysis for dissolved elements in 
water samples. Acid digestion prior to filtration and analysis is required for aqueous, solids, and 
air filters for which total (acid-leachable) elements are required. 

3.0 DETECTION LIMITS 

The lab follows the procedure found in 40CFR Part 136B to determine the MDL for each matrix 
type on an annual basis. See the STAT Analysis SOP 1210 Method Detection Limits for the 
MDL procedure, frequency, and acceptance criteria. The MDLs measured by the lab and all 
supporting documentation are in the laboratory QA files for review. 

The laboratory determined method detection limit (MDL) must always be less than the reporting 
limit (RL). The RLs will usually range fiom three to ten times the laboratory measured MDLs 
but this relationship may vary dependent on dilution, reduced sample size to avoid saturation of 
the detector, matrix interferences, moisture adjustments (in solid samples), or method-specified 
requirements. Attachment 1 contains the current MDLs and reporting limits (RLs) for soils, 
waters and air filters. 

4.0 SCOPE AND APPLICATION 

4.1 Inductively coupled plasma-mass spectrometry (ICP -MS) is applicable to the determination 
of sub-pg/L concentrations of a large number of elements in water samples and in waste 
extracts or digests. When dissolved constituents are required, samples must be filtered and 
acid-preserved prior to analysis. No digestion is required prior to analysis for dissolved 
elements in water samples. Acid digestion prior to filtration and analysis is required for 
groundwater, aqueous samples, industrial wastes, soils, sludges, sediments, air filters, wipes, 
and other solid wastes for which total (acid-leachable) elements are required. 

4.2 ICP-MS has been historically applied to the determination of over 60 elements in various 
matrices. Analytes determined at this laboratory for this method are listed in Attachment 1 
(along with the masses used for determination). If Method 6020 is used to determine any 
analyte not listed in Attachment 1, it is the responsibility of the laboratory to demonstrate the 
accuracy and precision of this method in the material b be analyzed. The analyst is always 
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required to monitor potential sources of interferences and take appropriate action to ensure 
data of known quality (see Section 14.4 Qualitative Analysis). 

4.3 This method is restricted to use by or under the supervisbn of analysts experienced in the use 
of ICP-MS and knowledgeable in the recognition and correction of spectral, chemical, and 
physical interferences in ICP-MS. Each analyst must demonstrate the ability to generate 
acceptable results with this method. 

5.0 SUMMARY OF TEST METHOD 

5.1 Samples that require total "acid-leachable" values must be digested using appropriate sample 
preparation methods prior to analysis. 

5.2 EPA methods 6020 and 10-3.5 describes the multi-elemental determination of analytes by 
ICP-MS. The method measures ions produced by a radio frequency inductively coupled 
plasma. Analyte species originating in a liquid are nebulized and the resulting aerosol 
transported by argon gas into the plasma. The ions produced are entrained in the plasma gas 
and introduced, by means of an interface, into a mass spectrometer. The ions are sorted 
according to their mass-to-charge ratios and quantified with a channel electron multiplier. 
Interferences must be assessed and valid corrections applied or the data flagged to indicate 
problems. Interference correction must include compensation for background ions 
contributed by the plasma gas, reagents, and constituents of the sample matrix. An 
appropriate internal standard is required for each analyte determined by ICP-MS. 

5.3 Method Modifications fiom Reference - This SOP is based on EPA Method 6020 and 
incorporates 10-3.5 for TSPPNI10 hlghvolume filters except that: 1) polypropylene 
volumetric flasks are used since analysis for boron is occasionally required, 2) the instrument 
resolution is set for 1 amu peak width at 10% peak height according to 6020 but is less 
stringent than 10-3.5, 3) samples which fail high or low for one or more internal standards are 
diluted as needed to bring within range for the internal standard, 4) A matrix sp~ke and 
matrix spike duplicate are digested and analyzed, since a duplicate sample is not typically 
analyzed, 5) Dilution test may be performed on aqueous matrices. Non-aqueous matrices are 
already diluted before analysis 6) eagent water must be at least Type I1 (ASTM) for all 
standards, solutions, and sample preparation according to 6020 but is less stringent than IO- 
3.5, 7) internal standards and tuning solutions cover the entire mass range of analysis, but the 
elements used vary slightly fiom 10-3.5, 8) the MDLs are determined annually according to 
the requirements described in SOP 1210 Method Detection Limits 9) the ICBICCB 
acceptance limit is the lower reporting limit and not the MDL per 10-3.5, since we do not 
report down to the MDL. 10) Germanium instead of yttrium is used as an internal standard, 
since yttrium is found in environmental samples. 

6.0 DEFLNITIONS 

The STAT Analysis Quality Assurance Manual Section 19.0 contans all the definitions of 
standard terms used in SOPS. 
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7.0 INTERFERENCES 

7.1 Isobaric elemental interferences in ICP-MS are caused by isotopes of different elements 
forming atomic ions with the same nominal mass-to-charge ratio (mlz). A data system must 
be used to correct for these interferences. This involves determining the signal for another 
isotope of the interfering element and subtracting the appropriate signal from the analyte 
isotope signal. Since compercial ICP-MS instruments nominally provide unit resolution at 
10% of the peak height, very high ion currents at adjacent masses can also contribute to ion 
signals at the mass of interest. Although this type of interference is uncommon, it is not 
easily corrected, and samples exhibiting a significant poblem of this type could require 
resolution improvement, matrix separation, or analysis using another verified and 
documented isotope, or use of another method. 

7.2 Isobaric molecular and doubly charged ion interferences in ICP-MS are caused by ions 
consisting of more than one atom or charge, respectively. Most isobaric interferences that 
could affect ICP-MS determinations have been identified in the literature. Examples 
include ArCl' ions on the 75As signal and MOO' ions on the cadmium isotopes. While the 
approach used to correct for molecular isobaric interferences is demonstrated below using 
the natural isotope abundances fiom the literature, the most precise coefficients for an 
instrument can be determined fiom the ratio of the net isotope signals observed for a 
standard solution at a concentration providing suitable (<1 percent) counting statistics. 
Because the 3 5 ~ 1  natural abundance of 75.77 percent is 3.13 times the 3 7 ~ 1  abundance of 
24.23 percent, the chloride correction for arsenic can be calculated (approximately) as 
follows (where the 38Ar 3 7 ~ 1  contribution at m/z 75 is a negligible 0.06 percent of the * ~ r  
3 5 C1 signal): corrected arsenic signal (using natural isotopes abundances for coefficient 
approximations) = (m/z 75 signal) - (3.13) (m/z 77 signal) + (2.73) (m/z 82 signal), (where 

. the final term adjusts for any selenium contribution at 77 m/z). 

NOTE: Arsenic values can be biased high by this type of equation when the net signal at 
8 1 m/z 82 is caused by ions other than '*~e', (e.g., BrH' from brmine wastes. Similarly, 

corrected cadmium signal (using natural isotopes abundances for coefficient 
approximations) = (m/z 114 signal) - (0.027)(m/z 118 signal) - (1.63)(m/z 108 signal), 
(where last 2 terms adjust for any tin or MOO' contributions at m/z 1 14). 

NOTE: Cadmium values will be biased low by this type of equation when 9 2 ~ ~ '  ions 
contribute at m/z 108, but use of m/z 11 1 for Cd is even subject to direct ~ z ~ o H ' )  and 
indirect ( 9 0 ~ ' )  additive interferences when Zr is present. 

NOTE: As for the arsenic equation above, the coefficients in the Cd equation are ONLY 
illustrative. The most appropriate coefficients for an instrument can be determined from the 
ratio of the net isotope signals observed for a standard solution at a concentration providing 
suitable (<1 percent) counting precision. The accuracy of these types of equations is based 
upon the constancy of the OBSERVED isotopic ratios for the interfering species. 
Corrections that presume a constant fiaction of a molecular ion relative to the "parent" ion 
have not been found to be reliable, e.g., oxide levels can vary. If a correction for an oxide 
ion is based upon the ratio of parent-teoxide ion intensities, the correction must be 
adjusted for the degree of oxide formation by the use of an appropriate oxide internal 
standard previously demonstrated to form a similar level of oxide as the interferent. T h s  
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type of correction has been reported for oxide-ion corrections using Tho' /Th' for the 
determination of rare earth elements. The use of aerosol, desolvation, andlor mixed plasmas 
has been shown to greatly reduce molecular interferences. These techniques can be used 
provided that method detection limits, accuracy, and precision requirements for analysis of 
the samples can be met. 

7.3 Physical interferences are associated with the sample nebulization and transport processes 
as well as with ion-transmission efficiencies. Nebulization and transport processes can be 
affected if a matrix component causes a change in surface tension or viscosity. Changes in 
matrix composition can cause significant signal suppression or enhancement. Dissolved 
solids can deposit on the nebulizer tip of a pneumatic nebulizer and on the interface 
skimmers (reducing the orifice size and the instrument performance). Total solid levels 
below 0.2% (2,000 m a )  have been currently recommended to minimize solid deposition. 
An internal standard can be used to correct for physical interferences, if it is carefully 
matched to the analyte so that the two elements are similarly affected by matrix changes. 
When the intensity level of an internal standard is less than 30 percent or greater than 120 
percent of the intensity of the first standard used during calibration, the sample must be 
reanalyzed after a fivefold (1+4) or greater dilution has been performed. 

7.4 Memory interferences can occur when there are large concentration differences between 
samples or standards which are analyzed sequentially, deposition on the sampler and 
skimmer cones, spray chamber design, and the type of nebulizer affect the extent of the 
memory interferences which are observed. The rinse period between samples must be long 
enough to eliminate significant memory interference. Whenever an unusually concentrated 
sample is encountered, the sample after it may need to te reanalyzed to check for cross 
contamination. 

8.0 SAFETY 

Proper personal protective equipment including safety glasses, gloves and a lab coat are required 
during different parts of this method. Other safety precautions must be conducted in accordance 
with the Chemical Hygiene Plan. Other actions can also be applied if deemed necessary. A 
reference file of Material Safety Data Sheets (MSDS) for all reagents/chemical involved in this 
method is available to all personnel 

Stock metal standards and acid solutions (strong oxidizers) may pose potential health risks. 
Extreme care should be utilized when handling these solutions. 

9.0 EQUIPMENT AND SUPPLIES 

The following apparatus is recommended for performing this procedure. Equivalent items can be 
used, if with their use, the analytical and QAIQC requirements in this SOP can be met. 

9.1 Inductively coupled plasma-mass spectrometer: Aglient 7500i or equivalent. 
9.1.1 A system capable of providing resolution, better than or equal to 1.0 m u  at 10% peak 

height is required. The system must have a mass range from at least 6 to 240 m u  and 
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a data system that allows corrections for isobaric interferences and the application of 
the internal standard technique. Use of a massflow controller for the nebulizer argon 
and a peristaltic pump for the sample solution are recommended. 

9.1.2 Chiller - Neslab CT 100 or equivilent 
9.1.3 Argon gas supply - high purity grade (99.99%). 
9.1.4 Data system - An Agilent Kayak computer system using 3365 Chemstation Version 

C.OO.O1 to interpret spectral data is attached to the ICP-MS. 
9.1.5 Autosampler - Cetac ASX-450 or equivalent. 

9.2 Autopipettes - 0.01 to 0.10 mL, 0.1 to 1.0 mL, 1.0 to 5.0 mL. 

9.3 Dispensing pipettes - 1 to 10 mL 

9.4 Polypropylene Volumetric Flasks, - 50 mL, 100 mL, 250 mL, and 500 mL with screw caps. 
See section 14.8 for the procedure of checking the flask volume. 

9.5 Plastic Tubes - 14 mL culture tubes and 50-mL graduated with screw caps. 

9.6 Plastic bottles - 250 mL, 500 mL and one liter with Teflon screw caps 

10.0 REAGENTS AND STANDARDS 
The following reagents and standards are required to perform this procedure. When instructions 
are given on how to prepare a specific volume of a reagent or standard, larger or smaller volumes 
can be prepared as needed so long as the final concentrations remain the same. Any other 
deviations fiom the reagents or standards listed in this SOP could be detrimental to the quality of 
the data produced. Such deviations would have to be approved and documented (see SOP 230 
Corrective Action). 
Instructions for labeling and record keeping of reagents and standards are contained in SOP 1010 
Analytical Standards and Reagents Receipt and Preparation. All standards solutions and QC 
solutions are stored at room temperature in plastic bottles. 

10.1 Analytical reagent grade chemicals shall be used in all tests. Unless otherwise indicated, all 
reagents shall conform to the specifications of the Committee on Analytical Reagents of the 
American Chemical Society, where such specifications are available. 

10.2 Reagent water - All references to water in this SOP refers to Type II reagent water (in- 
house system). 

10.3 Calibration Stock Standard - Standard solutions can be prepared fiom pure standard 
materials or purchased as certified solutions. The routine laboratory practice is to purchase 
these standards fiom approved vendors. These stock standard solutions are purchased or 
prepared fiom ultra-high purity grade chemicals or metals (99.99 or greater purity) for most 
elements. The stock standards for individual elements are usually at concentrations of 1000 
or 10,000 mglL in solution. Custom blend stock standard solutions may also be purchased 
and used. Stock standard solutions and QC solutions are stored at room temperature in 
their original containers. 
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10.3.1 Secondary Calibration Stock Standard - These solutions are made using the 
individual Stock Standard solutions. Three secondary solutions are prepared by 
combining and diluting the individual stock standard solutions to levels in the 
linear range for the instrument in a matrix consisting of 2% (vlv) HNOl in reagent 
water. When preparing the secondary stock standards, each stock solution must be 
initially verified to determine correct preparation andlor the presence of impurities. 
Care must be taken when preparing the mixed standards that the elements are 
compatible and stable. The following amounts of each Stock Standard solution are 
pipetted into a 250 mL volumetric flask. The solution is brought to volume with 
2% nitric acid (HN03). The final concentration of each component is listed in 
Table 1. These Secondary Stock Standard solutions are the source solutions to 
prepare the calibration standards in Section 10.4. Fresh mixed standards must be 
prepared as ~ e d e d  with the realization that concentrations can change on aging. 
Calibration standards must be initially verified using a quality control standard and 
monitored weekly for stability. 

Table 1 Secondary Calibration Stock Standard Solutions 

10.4 Calibration standards - Four calibration standards are prepared. Calibration standards in 
current use: 1, 10, 100, and 200 mg/L (for all elements except Ca, Fe, K, Mg, Mo, Na, Sb, 
Sn , and Ti (see Table 2). The following amounts of Secondary Stock Standard Solutions A, 
B, and C are pipetted into a 50 mL volumetric flask. Each calibration standard solution is 
brought to volume with 2% nitric acid (HNQ). The final concentration of each component is 
listed in Table 2. Level 1 Calibration standard can be prepared by taking 5 mL of level 2 and 
diluting to 50 mL. 

Secondary 
Stock 

Solution 
A 

B 
C 
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Elements 

Al, As, B, Ba Be, Cd, Cr, 
Co, Cu, Pb, Mn,Ni, Se, TI, 

V, Zn 

Sb, Mo, Sn, Ti 
Ag 

Na, Ca, Mg, K, Fe 

Conc. Stock 
(mg/L) 

1000 each 

1000 each 
10,000 each 

Final 
Conc. 
(mg/L) 

10 

5 

10 
100 

Vol. Stock 
(mL) 

2.5 mL each 

1.25 mL 
each 

2.5 mL each 
2.5 mL each 

Final 
Volume 

250 

250 
250 
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Table 2 Calibration Standards 

10.5 ICP-MS Internal Standard Stock Solutions: A solution containing 100 pg/rnL 6 ~ i ,  4 5 ~ ~ ,  
'"Tb, 8 9 ~ ,  "'In and 'O%i. Single element Germanium Standard 1000 mg/L. These 
solutions are purchased commercially. 

Level 

1 
2 
3 
4 

10.5.1. Working Internal Standard Solution (1 m&): Pipette 1.0 mL of the mixed ICP- 
MS Internal Standard Stock Solution and 0.10 rnL of the Germanium Standard into 
a 100 mL volumetric flask and bring to volume with 2% nitric acid (HN03). The 
working internal standard solution is added to a reservoir and will be added on-line 
to each standard, QC sample, and test sample at the time of analysis using a second 
channel of the peristaltic pump and an appropriate mixing manifold. This will 
deliver approximately 40 m& at the instrument for every samplelstandard 
analyzed. Generally, an internal standard should be no more than 50 amu removed 
fiom the analyte. 

10.6 ICP-MS Tuning Solution Stock 10 m&: Commercially purchased. This solution contains 
10 m& each of Ce, T1, Li and Y. 

* Except Sb, Mo, Sn, and Ti. 

Volume (pL) 
Secondary Stock 

A and B 

10.6.1. Working ICP-MS Tuning Solution 10 p a :  Pipette 0.25 mL of the ICP-MS 
Tuning Stock Solution into a 250 mL volumetric flask and bring to volume with 
2% nitric acid (HNQ). 

10.7 Stock 6020 Tune Check Solution: A solution containing elements representing all of the 
. mass regions of interest (10 mg/L each of Li, Co, In, and T1) must be prepared to verify 

that the resolution and mass calibration of the instrument are within the required 
specifications. This solution is also used to verify that the instrument has reached thermal 
stability. Purchased commercially. 

Volume (pL) 
Secondary Stock 

C 

10.7.1. Working 6020 Tune Check Solution 100 p a :  Pipette 1.0 mL of the Stock 6020 
Tune Check Solution into a 100 mL volumetric flask and bring to volume with 2% 
nitric acid (HN03). 

10.8 Stock PIA Factor Tuning Solution (10 mg/L): Using multi-element Standards prepare a 10 
m a  Standard in 2% Nitric Acid. 

Final 
Volume 

(mL) 

5mL of level 2 standard 
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Final Conc. 
Trace 

Elements * 
(pg/L) 

50 
500 
5000 

1 
10 
100 
200 

Final 
Conc. of  Sb, 

Mo, Sn, & 
Ti 

Final Conc. 
Major Elements 

(P&> 
Na, Ca, Mg, K, Fe 

0.5 
5 
50 
100 

10 
100 

1000 
10000 
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10.8.1. Working PIA Factor Tuning solution 100 pg/L: Pipette 1.0 mL of the Stock 6020 
Tune Check Solution into a 100 mL volumetric flask and bring to volume with 2% 
nitric acid (HNO,). 

NOTE: Working Calibration Standards 1, 2, 3, and 4 may also be used to 
determine PIA Factors. 

10.9 ICP-MS Interference Check Solutions A and AB: Purchased commercially. See 
Attachment 2 for concentrations. 

Working ICS Solutions: 
10.9.1. ICS-A: Pipette 20.0 mL of ICP-MS Interference Check Solution A and 2 mL of 

concentrated Nitric Acid into a 100 mL volumetric flask and bring to volume with 
reagent water. ICS solution A must be prepared fresh weekly. 

10.9.2. ICS-AB: Pipette 20.0 mL of ICP-MS Interference Check Solution AB and 2 mL of 
concentrated Nitric Acid into a 100 mL volumetric flask and bring to volume with 
reagent water. ICS solution AB must be prepared fresh weekly. The analyst should 
be aware that the solution might precipitate silver more quickly. 

10.10 Laboratory Control SampleMatrix Spike Stock - The LCSImatrix spike is prepared fiom 
individually purchased elements or custom blend stock standards. The Calibration 
Verification Stock Standards or Independent Stock Standards may be used to prepare the 
solution. The LCSMatrix Spike Stock is prepared according to Table 3 below. Fill a 
1000 mL volumetric flask with 400 rnL of 2% vlv nitric acid. Pipette the appropriate 
volume of each analyte into the flask and bring to volume with 2% vlv nitric acid. This 
solution has a shelf life of six months. 

Table 3 Laboratory Control Sample/Matrix Spike Stock 

Spike with one milliliter of this stock solution per 50 ml digestate when preparing the LCS, 
LCSD, MS, MSD. For the Post Digestion Spike (PDS) samples, spike in the ratio of 1 mL 
per 50 mL digestate. 

10.10.1 If ambient air filters are to be analyzed for Barium or Zinc, additional spike will 
need to be added The additional spike should have a concentration of 24 mg/L of 
Barium and 0.5 mg/L of Zinc. Spike with 1 mL of the Barium and Zinc splke. To 
prepare this solution, add 100 mL of 2% HN03 to a 250 mL volumetric flask. 

Final 
Conc. 
(mgn) 

25 

12.5 
10 

100 

Elements 

Al, As, B, Ba Be, Cd, Cr, 
Co, Cu, Pb, Mn, Ni, Se, 

T1, V, Zn 
Sb, Mo, Sn, Ti 

Ag 
Na, Ca, Mg, K, Fe 
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Conc. Stock 
(mgk) 

1000 each 

1000 each 
1000 each 

10,000 each 

Vol. Stock 

25 mL each 

12.5 mL ea. 
10 mL each 
10 rnL each 

Final 
Volume 
(mg/L) 

1000 
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Pipette 6 mL of 1000 mg/L Ba standard and 0.125 rnL of 1000 g/mL Zn standard. 
Dilute to volume. 

10.11 Calibration Verification Stock Standard Solutions (ICV/CCV) - The Calibration 
Verification Stock Standard Solutions A and B are prepared from 1000mg/L single element 
standards. These solutions are prepared by combining and diluting individual stock 
standard to levels in the linear range for the instrument in a matrix consisting of 2 percent 
(v/v) HN03 in reagent water. Prior to preparing the calibration verification stock standards, 
each stock solution must be analyzed to determine correct preparation andlor the presence 
of impurities. Care must be taken when preparing the mixed standards that the elements are 
compatible and stable. The following amounts of each Stock Standard solution are pipetted 
into a 250 mL volumetric flask. The solution is brought to volume with 2 percent (vlv) 
H N Q  in reagent water. The final concentration of each component is listed in Table 4. 
These Calibration Verification Stock Standard Solutions are the source solutions to prepare 
the Initial Calibration Verification (ICV), and Continuing Calibration Verification (CCV) 
standards. Fresh mixed standards must be prepared as needed with the realization that 
concentrations can change on aging. Calibration standards must be initially verified using a 
quality control standard and monitored for stability. 

Table 4. Calibration Verification Stock Standard Solutions (ICVICCV) 

10.1 1.1 Initial Calibration Verification Standard (ICV) - To a 100-mL volumetric flask 
. add about 80 mL of 2% Nitric Acid (HNO,). Pipette 0.5 ml of secondary stock 

solutions A and B into this flask and dilute to the mark with 2 percent (v/v) 
HNo3 . 

10.1 1.2 Continuing Calibration Verification Standard (CCV) - To a 250-mL volumetric 
flask add about 200 mL of 2% Nitric Acid HN03). Pipette 2.5 ml of secondary 
stock solutions A and B into a 250-ml flask and dilute to the mark with 2 percent 
(vIv) HN03. 

Secondary 
Stock 

Solution 

A 

B 

10.12 Blanks: Three types of blanks are required for the analysis. The calibration blank is used in 
establishing the calibration curve. The method blank is used to monitor for possible 
contamination resulting fiom the sample preparation procedure. The rinse blank is used to 
flush the system between all samples and standards. 

10.12.1 The calibration blank consists of the same concentration(s) of the same acid(s) used 
to prepare the calibration standard solutions of the analytes (usually 2 % HN03in 
reagent water). 

Elements 

Al, As, B, Ba Be, Cd, Cr, 
Co, Cu, Pb, Mn, Ni, Se, 

Tl, V, Zn 
Sb, Mo, Sn, Ti 

Na, Ca, Mg, K, Fe 

Ag 
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Conc. Stock 
(m&) 

1000 each 

1000 each 
10,000 each 
1000 each 

Vol. Stock 
(mL) 

2.5 mL each 

1.25 
2.5 mL each 
2.5 mL each 

Final 
Volume 

(mL) 
250 

250 
250 
250 

Final 
Conc. 
(mg/L) 

10 

5 
100 
10 
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10.12.2 The method (or digestion) blank must be camed through the complete digestion 
procedure and contain the same volumes of reagents as the sample solutions. 

10.12.3 The rinse blank consists of 2% HN03 in reagent water. Prepare a sufficient 
quantity to flush the system between standards and samples. 

10.13 Nitric Acid : Acids used in the preparation of standards and for sample processing must be 
of high purity. Redistilled acids are recommended because of the high sensitivity of ICP- 
MS. Many more molecular-ion interferences are observed on the analytes when 
hydrochloric and sulfimc acids are used. 

10.13.1 1:l FINO3: Cautiously and slowly add 100 mL concentrated HN03 to 100 mL of 
reagent water. 

10.13.2 2% v/v HN03: Cautiously and slowly add 20 mL concentrated HNQ to a 1000 
mL volumetric flask and bring to volume with reagent water and mix. 

10.14 Argon gas supply: high- purity grade (99.99%). 

11.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING 

11.1 The recommended containers used to collect samples for the determination of metals are 
polyethylene or fluorocarbon (TFE or PFA): 500 rnL for water samples and 4 to 8 oz jars 
for soil samples. 

11.2 Samples may be transported to the laboratory and stored at room temperature. Solid 
samples may be stored under refiigeration at between 0.1 and 6.0°C until time of digestion. 
Digestion and analysis must be within 180 days fiom sampling date. Sample digestates are 
stored at room temperature. 

1 1.3 Aqueous samples must be preserved with 1 : 1 HN03 to a pH < 2. 

11.4 For proper handling and storage of the PMlOISPM filters, see SOP 31 15 Extraction of High 
Volume Filters. 

12.0 QUALITY CONTROL 

The following details the QC requirements that apply to this analysis. Each Quality Control 
Indicator (QCI) provides information pertaining to either method or individual sample 
performance. Our goal is to produce defensible data of known and documented quality. The 
results of these QCI samples are used to assess the acceptability of data. 

12.1 Blanks 
Method Blank analysis is performed to determine if any contamination is present in the 
analytical process and is used to evaluate acceptance of the batch of samples. A method 
blank shall be prepared once per preparation batch of 20 or less samples per matrix type. If 
more than 20 samples are prepared a second blank shall be prepared afier the twentieth 
sample. The method blank shall be processed through all preparatory steps used for the 
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samples, including cleanup procedures. The blank shall be analyzed using the same 
instrument and conditions as the samples. 

The Calibration Blank is used to monitor the initial level of contamination in the reagent 
solutions prior to initial calibration. 

The Rinse Blank is used to monitor the ICP-MS system for potential cross-contamination 
fi-om one sample to another or for residual contamination in the system. 

12.2 Initial Calibration Verification (ICV) 
An Initial Calibration Verification (ICV) standard containing all of the target analytes 
reported in this method (refer to section 10.1 1.1) shall be analyzed immediately after the 
completion of the initial calibration. The ICV shall be purchased from or prepared fi-om 
second source standards to verify analyte concentrations. 

12.3 Continuing Calibration Verification (CCV) 
A CCV standard containing all of the target analytes reported in this method (refer to 
section 10.11.2) shall be analyzed after every tenth sample. The CCV standard shall be at a 
different concentration than the ICV, and shall be used to c o n f m  the system is in 
calibration. 

12.4 Laboratory Control Sample (LCS) 
The LCS is used to evaluate the performance of the total analytical system, including all 
preparation and analysis steps. The LCS shall be prepared once per preparation batch of 20 
or less samples per matrix type. If more than 20 samples are prepared a second LCS shall 
be prepared after the twentieth sample. The LCS shall be processed through all preparatory 
steps used for the samples, including cleanup procedures. The, LCS shall be analyzed using 
the same instrument and conditions as the samples. Refer to section 10.10 for LCS analytes 
and concentrations. 

12.5 Duplicates 
Duplicates of field samples or of the LCS must be prepared in compliance with the method 
requirements and client directives. Note: the analysis of the Matrix Spike Duplicate 
(MSD) is used as a substitute for the laboratory duplicate. In those cases when there is 
insufficient sample to perform either a duplicate analysis or MSD analysis or the sample 
cannot be divided (e.g., wipes), the duplicate analysis of the LCS (LCSILCSD) is used to 
judge the precision of the analytical results. 

12.6 Matrix Spike and Matrix Spike Duplicate (MS/MSD) 
MSMSDs indicate the effect of the sample matrix on the precision and accuracy of the 
results generated using the selected method. This information does not determine the 
validity of the entire batch. MSMSDs must be analyzed at a minimum of 1 per 20 samples 
per matrix per preparation procedure, or as specified by the required test method. If an 
MSMSD pair is not analyzed in the preparation batch, an LCStLCSD pair is analyzed. 
Samples chosen for matrix spiking are rotated among different clients and/or different 
client projects. This is accomplished through communication between the Department 
Manager and the analyst. In addition, designated samples, as indicated by client request or 
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contract requirement, are matrix spiked. The MS/MSD pair shall be processed through all 
preparatory steps used for the samples. They shall be analyzed using the same instrument 
and conditions as the samples. Refer to section 10.10 for MS analytes and concentrations. 
Some clients may require different spiking levels andlor target analytes. These specific 
needs are documented on the request for analysis forms. 

12.7 Internal Standards 
The internal standards for this method are used to monitor physical and matrix interferences 
and they are added to all samples, standards, and blanks. Refer to section 10.5 for 
preparation and concentration instructions. 

12.8 Interference Check Solutions 
The interference check solution (ICS) is prepared to contain known concentrations of 
i n t e r f e ~ g  elements that will demonstrate the magnitude of interferences and provide an 
adequate test of any corrections. Chloride in the ICS provides a means to evaluate software 
corrections for chloride-related interferences such as 3 5 ~ 1 1 6 ~ +  on 5 1 ~  and 4 0 ~ r 3 5 ~ f  on 
75As+. Iron is used to demonstrate adequate resolution of the spectrometer for the 
determination of manganese. Molybdenum serves to indicate oxide effects on cadmium 
isotopes. The other components are present to evaluate the ability of the measurement 
system to correct for various molecular-ion isobaric interferences. The ICS is used to verify 
that the interference levels are corrected by the data system within quality control limits. 
The ICS pair, solutions A and AB, is analyzed after calibration, every twelve hours of 
analysis, and at the end of the analytical batch. Refer to Section 10.9 for the preparation of 
these solutions. 

Note: For ambient air filters, the ICS pair is analyzed every eight hours of analysis, and at 
the end of the analytical batch. 

12.9 Serial Dilutions 
If the analyte concentration is within the linear .dynamic range of the instrument and 
sufficiently high (minimally, a factor of at least 100 times greater than the concentration in 
the reagent blank, an analysis of a fivefold (1+4) dilution must agree within 10% of the 
original determination. If not, an interference effect must be suspected. One dilution test 
may be included for each twenty samples (or less) in a batch. 

12.10 Post-Digestion Spike 
This test may be applied for new or unusual matrices. An analyte spike added to a portion 
of a prepared sample, or its dilution, should be recovered to within 75 to 125 %R of the 
known value or within the laboratory derived acceptance criteria. The spike addition should 
be based on the indigenous concentration of each element of interest in the sample. If the 
spike is not recovered within the specified limits, the sample must be diluted and 
reanalyzed to compensate for the matrix effect. Results must agree to within 10% of the 
original determination. The use of a standard-addition analysis procedure may also be used 
to compensate for *is effect. 
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13.0 CALIBRATION AND STANDARDIZATION 

Calibrate the instrument after tuning to generate an acceptable Tune Report (section 14.2.1), and 
setting the Pulse/Analog factors for each analyte. 

Note: Generating a tune report and setting the Pulse/Analog factors needs to be done only once 
each day. After calibration the s o h a r e  goes immediately into sample analysis. Step by step 
instructions to calibrate are listed in the procedure in section 14. 

Initial Calibration (ICAL) 
In addition to achieving the reference method requirements for the minimum number of 
calibration standards and the acceptance criteria (statistics) for calibration c w e  fit, the following 
ICAL criteria also apply: 

13.1 The ICAL must be a minimum of two standards, not including a blank. Flush the system 
with the rinse blank between each standard solution. Use the average of at least three 
integrations for both calibration and sample analyses. All masses that could affect data 
quality should be monitored to determine potential effects from matrix components on the 
analyte peaks. 

13.2 The ICAL must be verified with a second source standard (ICV) prior to the analysis of 
samples. 

13.3 Results of samples not within the linear range of the instrument must be qualified on the 
final report. Dilute the sample and reanalyze in order to achieve a result within the linear 
range of the instrument. 

13.4 The lowest calibration standard may establish the reporting limit: see Attachment 1 for 
analyte reporting limits (RL). The RL must be greater than the detection limit. 

Initial. Calibration Verification (ICV) 
In addition to the method requirements, the following ICV criteria also apply: 

13.5 Must be a second source standard f7om the ICAL standards or from a different 
manufacturer lot number. 

13.6 Must be traceable to NIST when available. 

13.7 Initial Calibration Blank (ICB): (2% HNQ) Analyzed immediately after the ICV 
Acceptance limits are f RL. 

Continuing Calibration Verification (CCV) 
In addition to,the method requirements, the following CCV criteria also apply: 

13.8 Must be analyzed every 10 samples and at the end of each analytical batch. 
13.9 Continuing Calibration Blank (CCB): (2% HN03 Analyze immediately after the CCV. 

Acceptance limits are f RL. 
13.10 If the CCV results obtained are outside the acceptance criteria, corrective actions must be 

performed. If routine corrective actions fail to produce an acceptable second consecutive 
CCV, then sample analyses cannot continue until a new ICAL is established and verified 
with an ICV. 
NOTE: For calibration verification purposes, the CCV/CCB is analyzed as a set. 
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However, sample data associated with an unacceptable CCV may be reported as qualified 
data under the following special conditions: 
13.10.1 When the acceptance criteria for CCV are exceeded high, i.e., high bias, and there 

are associated samples that are non-detects, then those non-detects may be 
reported. Otherwise the samples affected by the unacceptable calibration 
verification must be reanalyzed after a new ICAL has k e n  established, evaluated 
and accepted. 

13.10.2 When the acceptance criteria for the CCV are exceeded low, i.e., low bias, those 
sample results may be reported if they exceed a maximum regulatory limitfdecision 
level. Otherwise the samples affected by the unacceptable verification must be 
reanalyzed after a new ICAL is established and verified with an ICV. 

13.10.3 When the acceptance criteria for the CCV are exceeded and it is not possible to 
reanalyze the sample due to limited sample quantity AND a new sample cannot be 
obtained by the laboratory, the data may be reported with the appropriate data 
qualifiers if the client has been contacted and agrees, in writing, to accept the 
qualified data. 

13.11 Records: Initial and Continuing Calibration Records will contain, at a minimum, the 
following: 

1. Calibration date 
2. Test method 
3. Lnstrument 
4. Analysis date 
5. Each analyte name 
6. Analyst's initials or signature 
7. Standard Concentration (appropriate units) and number of standards 
8. Response (appropriate units) 
9. Calibration curve or response factor 
10. Statistics for ICAL curve fit in order to judge calibration curve acceptance 
11. Acceptance Limits for ICV analysis in order to judge calibration curve acceptance 
12. Acceptance Limits for CCV analysis in order to judge continuing calibration acceptance 
13. Calibration Standards and Reagent Solutions ID'S 

Table 5 Calibration Requirements 
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Support Equipment 
Autopipettes - Check autopipette to ensure standardization is within control limits (see SOP 1040 
General Laboratory Practices for Pipette Calibration). 

Dispensing Pipettes Check pipette to ensure standardization is within control limits (see SOP 
1040 General Laboratory Practices for Pipette Calibration 

14.0 PROCEDURE 
14.1 Sample Preparation 

14.1.1 Acid Digestion: Samples requiring digestion must be prepared by one of the 
following methods prior to ICP-MS analysis. 
Matrix SOPS 
Water 3005 
SoiVsediment/Waste 3 1 10 
TSPPM 10 filters 3115 

14.1.2 Direct Analysis 
For Dissolved Metals Analysis : 
Filtering the Sample Through a 0.45 Micron Filter. 
Wash the filter paper or filter disk with 5 mL of 2% nitric acid followed by 2-3 mL 
of sample before filtering the aliquot to be tested. Record this procedure in the 
comments section of the ICP-MS Preparations logbook. Take a 10 ml aliquot of 
the filtered sample and acidifj with 0.2 mL of concentrated HNO,. Filter a MB 
and LCS to be analyzed with the batch. 

Also prepare a MS/MSD (if sample amount permits, otherwise prepare an 
LCSILCSD), by spiking 10 mL of the filtered sample with 0.2 mL of LCS/MS 
stock (section 10.10) and analyze with the samples. Report results as dissolved 
metals. 

For Drinking Water Analysis - Take a 10 ml aliquot of the sample and acidifj with 
0.4 mL of 1:l HNO,. Report results as total metals. 

14.2 ICP-MS Analysis 
Turn on the argon flow (100 psi minimum) from the Dewar, Turn on the water chiller. 
Connect all pump tubing. Double click ICP-MS Top icon. A message will appear "Is ISIS 
power on?, Turn it on if not already on. Click <yes>, <instrument>, <instrument control>, 
<plasma>, and <plasma on> to ignite the plasma and allow at least 30 minutes for warm up. 

14.2.1 TUNING: 
Click <ALS> in the instrument control screen, and <Go To>, to move the sipper 
probe to the tune solution. Put the internal standard tubing into reagent water. 
Close the Instrument Control Window. Open the tune screen by clicking 
<Instrument> and a u n e > .  The tune window will open. Click <stam to monitor 
the counts per 0.1 seconds, and give a visual display of the RSD for counts for 
7 Lithium, 89~ttr ium and 205Thallium. The tune screen also displays the settings for 
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the Plasma Orientation, Gas Flows, Peripump RPMs, Lens settings, Q-Pole settings 
and Detector Parameters. 

Tune the Agilent 7500 for sensitivity to ensure that the instrument produces the 
best results for the masses being analyzed. Achieve good sensitivity by running a 
recommended tuning solution of 10 parts per billion (ppb) of Li, Y, Ce and T1. 
[ICP-MS Working Tuning Solution, 10.61. If necessary adjust the tune parameters 
for maximum sensitivity, reducing Oxide Ions, and Doubly Charged Ions. 

Operating conditions: Attachment 4 lists the affects of adjusting the parameters in 
the tune window on the tune of the instrument. Once you have adjusted the 
parameters satisfactorily, generate a Tune Report. 

NOTE: A Tune Report MUST be generated prior to analyzing samples every day, 
whether the parameters have been changed or not. 

TUNE SPECIFICATIONS: 
Sensitivity: 
Li > 5,000 ctsI0.l sec @ 10 ppb concentration 
Y > 10,000 cts10.1 sec @ 10 ppb concentration 
T1 > 5,000 cts10.l sec @ 1 Oppb concentration 

Precision: 
Li < 15% RSD (0.1 sec integration time) 
Y < 10% RSD (0.1 sec integration time) 
T1 < 10% RSD (0.1 sec integration time) 

Oxides: < 1.2 % 

Double Charged: Ce ++Ice+ < 5.0% 

Background: 
Li < 30 cps 
Y 115 cps 
T1 < 15 cps 

Mass Resolution: W-10% 0.65 - 0.8 AMU 

Mass Axis: nominal mass +I- 0.1 AMU for ' ~ i ,  8 9 ~  and 2 0 5 ~ 1  

After an acceptabIe tune report insert the sample tube for internal 
standards into the Internal Standard working solution and place the sipper probe for 
the sample line into 2% vlv HN03 rinse solution. Allow the system to rinse out the 
Iines for at Ieast five minutes. 

14.2.2 SETTING PIA FACTORS: 
ChemStation automatically switches between pulse and analog mode. For linear 
calibration curves, these kvo modes should be adjusted by using PIA Factor tuning. 
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The counts of each element must range fiom 400,000 to 4,000,000 cps to get 
accurate PIA Factors. The PIA factor adjustment must be performed everyday to 
get accurate results in a sample with a wide concentration range where both the 
pulse and analog mode are used. 

Determine the PIA Factors by 
1. Moving the sipper probe in the lowest concentration PIA solution. 
2. After the solution has rinsed through into the plasma, click <tune> <adjust PIA 

factors>. 3. Click on <Load masses from acq. method> in the window that 
pops up.4. Click <run>. After about 20 seconds a message appears saying, 
"accept current PIA factors?" Check the clipboard window behind the 
message. Either a number (the PIA factor) or a message that states "sensitivity 
is too low" appears next to each mass. Click <yes, to accept the PIA factors 
and close out the clipboard window. If a message appears that states 
"sensitivity is too hgh" you can accept the PIA factor but will need to PIA with 
a lower concentration solution to get the PIA factor for the mass that gave 
"sensitivity too high." 

Repeat steps 1, 2, and 4 for successively higher analyte concentrations until you 
have PIA factors for all masses of interest. Check the box "Merge in the current 
data" if not already checked. This will add in successive PIA factors without 
deleting the PIA factors for the masses, which have P/A factors already. 

DO NOT REPEAT STEP 3 (click on <Load masses fiom acq. method> for each 
successive solution). This clears out all your PIA factors and should only be 
clicked on before you first start to PIA. 

14.2.3 Load the appropriate method. (IO35.M for ambient airs samples, or 6020G.M for 
all other analyses. 

14.2.4 TUNE CHECK: 
Prior to calibration and analysis the tune conditions must be verified by analyzing a 
Tune Check Solution at least five times with relative standard deviations aF < 5% 
for the analytes contained in the tuning solution. 

Conduct mass calibration and resolution checks in the mass regions of interest. The 
mass calibration and resolution parameters are required criteria, which must be met 
prior to any samples being analyzed. If the mass calibration differs more than 0.1 
arnu fiom the true value, then the mass calibration must be adjusted to the correct 
value. The resolution must also be verified to be less than 0.9 amu full-width at 10 
percent peak height. 
14.2.4.1 After tuning and PIA adjustments go to ICPMS top and click on 

<sequence>, <edit>, in the dropdown box on the left select TUNE, CCV, 
CALIB, or ICS, to edit the comment section in each of these screens. 
Enter any new solution preparation numbers for standards, ICV, CCV, 
ICB, ICS A, etc. in the comment column. Click <OK> at the bottom to 
save changes. 

SOP 45 10 ICPMS SW-846 6020 and EPA 10-3.5 
Revision 05 

May 16,2005 
Page 19 of 34 

FILE: \\Harrison\dQuality ControhQuality Manual & SOPA4000 Anaytical SOPASOP 451 0 ICP-Ma4510 ICP -MS RO5.doc 



Analysis Corporation: 

14.2.4.2 Click on <sequence>, <edit> again and select "SMPL" fiom the 
dropdown box to open up the sample sequence table. Edit inserting 
information under the column headings, VIAL (vial position), METHOD, 
SAMPLE (sample ID), COMMENT (sample test code), and DilILv 
(dilution factor) for all samples to be analyzed. Click <print> to print out 
the list to refer to when placing the 'sample tubes in the racks and 
checking the order for cmectness before starting analysis. Then click 
<save> to save the sample table. Samples are analyzed in order as they 
appear in the sample table. 

14.2.4.3 Uncap and place all standards, tune check, and check standards in their 
proper places in rack # l .  Racks #2-4 are for sample tubes. 

14.2.4.4 Start the calibration and running of samples by clicking <sequence>, 
<run>. "Full Method"' and "Overwrite Existing Data Files," should be 
checked. Enter the instrument ID and your initials in the box for operator 
name and click a sequence>. The software will run a blank, tune 
check, then the calibration followed by samples. After all samples have 
run the software will analyze a final ICS A, ICS AB, blank, CCV, and 
CCB. The plasma will then shut off and the ISIS program will stop. If 
additional samples will be analyzed later it will be necessary to insert 
blanks into the sample table to keep the instrument running. 

14.2.4.5 Verify the Tune Check when complete. RSDs for Li, Co, In, and T1 must 
be < 5% and the mass calibration for each mass must be within 0.1 AMU 
of the mass number and ~ 0 . 9  AMU at 10% peak height. If not abort the 
run and restart to rerun the Tune Check. 

14.2.5 Initial Calibration and Quality Control Checks 
14.2.5.1 Check each standard to determine if all internal standard cps are within 

20% of the calibration blank's cps. If not abort the run and restart. 
14.2.5.2 Check the ICV and ICB to determine if masses of interest are within 

tolerance. If they are continue with sample analysis. Rinse time before 
and after the samples are programmed into the method as well as 
analysis of CCV and CCB after every ten samples. 

14.2.5.3 If an internal standard fails for any mass in a sample the system will run 
a blank before proceeding with analysis. 

14.2.5.4 Perform all qualitative and quantitative masurements as described in 
Sections 14.4 and 14.5. After analysis, store the digests at room 
temperature. 

14.2.6 The analytical sequence for Initial Calibration is: 
(Tune Check) 
Blank 
Calibration Blank 
Calibration standard (Sl) 
Calibration standard (S2) 
Calibration standard (S3) 
Calibration standard (S4) 
Blank 
Initial Calibration Verification Standard (ICV). 
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Initial Calibration Blank (ICB) 
Interference Check Solution A (ICS A) 
Interference Check Solution AB (ICS AB) 
Blank 

A typical analytical sequence for Sample Analysis is: 
Method Blank (MB) 
LCS 
(LCS Duplicate optional) 
Sample #1 
Sample #1 Matrix Spike (MS) 
Sample #1 Matrix Spike Duplicate (MSD) 
Samples #2, #3, etc. up to 10 analytical samples 
ccv 
CCB 
10 analytical samples (which may include, N B ,  LCS, MS, MSD, samples) 
ccv 
CCB 
. . .. 
ICS A 
ICS AB 
blank 
ccv 
CCB 

14.3 Data Interpretation - Qualitative Analysis 

To obtain analyte data of known quality, it is necessary to measure more than the analytes 
of interest in order to apply corrections or to determine whether interference corrections are 
necessary. If the concentrations of interference sources (such as C, C1, Mo, Zr, W) are such 
that, at the correction factor, the analyte is less than the limit of quantification and the 
concentration of interferents are insignificant, then the data may go uncorrected. Note that 
monitoring the interference sources does not necessarily require monitoring the interferent 
itself, but that a molecular species may be monitored to indicate the presence of the 
interferent. When correction equations are used, all QC criteria must also be met. Extensive 
QC for interference corrections are required at all times. The monitored masses must 
include those elements whose hydrogen, oxygen, hydroxyl, chlorine, nitrogen, carbon and 
sulfur molecular ions could impact the anaIytes of interest. Unsuspected interferences may 
be detected by adding pure major matrix components to a sample to observe any impact on 
the analyte signals. When an interference source is present, the sample elements impacted 
must be flagged to indicate (a) the percentage interference correction applied to the data or 
(b) an uncorrected interference by virtue of the elemental equation used for quantitation. 
The isotope proportions for an element or molecular-ion cluster provide information useful 
for quality assurance. 

NOTE: Only isobaric elemental, molecular, and doubly charged interference corrections 
that use the observed isotopic-response ratios or parent-to-oxide ratios are acceptable 
corrections for use in this method. 
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14.4 Data Interpretation - Quantitative Analysis 

Calculations including appropriate interference corrections, intemal-standard 
normalization, and the summation of signals at 206, 207, and 208 m/z for lead (to 
compensate for any differences in the abundances of these isotopes between samples and 
standards), are performed automatically by the instrument during analysis. 

14.5 Records 
Record the following information in the appropriate logbook or data file. Include any 
deviations from this procedure. Analyst initials, date of analysis, sample number or ID, 
initial sample volume or weight processed, calibration standard, sample, or solution 
identifier, QC sample or solution identifier, internal standard solution identifier, any 
dilution information, readings fiom support equipment, data file name, instrument method 
name, visual observations, and any other information as deemed necessary. 

14.6 Troubleshooting 
The sample line tubing and internal standard tubing should be checked for even flow when 
the instrument is first started by observing and air bubble passing through the line. Adjust 
the tension on the tubing so that it is just tight enough to allow the air to evenly move 
through the tubing without any pulsing. 

Check for leaks and air bubbles at tubing connections, tee connectors and fittings. The 
majority of problems you encounter occur somewhere along the sample introduction path. 

Ensure that the argon Dewar has enough argon to maintain a pressure of 100 psi throughout 
the run. 

14.7 Routine Mainte nance 
Record all maintenance in the instrument logbook. For non-routine maintenance record the 
problem, what was done to correct it and whether the correction solved the problem. 
14.7.1 Daily, or as needed according to sample throughput, examine the tubing 
14.7.2 Clean the sample and skunmer cones on an as needed basis (loss of sensitivity). 
14.7.3 Inspect the pump tubing for wear and replace as necessary. Check the Argon gas 

supply; replace as necessary. 

14.8 Calibration of the Polypropylene Volumetric Flasks 
(Yearly, independently check flask volume with reagent water using a balance to monitor 
weight of water volume: tolerance is stated volume * 0.1%). Perform this check every 
year. 
14.8.1 Initially check the volume of each flask. Using an analytical balance, record the 

weight of the empty and dry flask. 
14.8.2 Add room temperature de-ionized reagent water. 
14.8.3 Fill to mark and re-weigh. 
14.8.4 Subtract initial weight fiom final weight. 
14.8.5 Divide the result by the volume of the flask and multiply by 100. 
14.8.6 The percent recovery should be *0.1%. 
14.8.7 Record this information and label the flask for reference. 
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15.0 DATA REDUCTIONS, CALCULATIONS, AND LOADING 

15.1 The data system prepares a calibration curve by plotting response versus standard 
concentration. Sample concentration is calculated from the regression equation. 

NOTE: The LIMS program will convert pg/L to the appropriate reporting units. 

15.2 Report only those values that fall between the lowest calibration standard and the linear 
range of the instrument. Samples exceeding the linear range must be diluted and 
reanalyzed. 

15.3 For sample results greater than the linear range, dilute the sample in a 15 mL centrifuge 
tube using 2% HN03. Pipette in the appropriate volume of sample into the tube and dilute 
to volume with 2% HNQ. Dilution Factor = (10 mL/ digestate volume analyzed in mL). 
Use the dilution factor and calculate the concentration in the digestate as follows: 

Concentration in mg/L = readout * 0.001 (10 mW digestate volume analyzed in mL) 

15.4 Air Samples: calculate the concentration as follows: 

Conc. in pg/m3 = readout in pg/L * (10 mW initial sample air volume in m3) * 1 L11000 mL 

NOTE: lm3 = 1000 Liters 

15.5 TSPI PMlO Ambient Air Samples 
15.5.1 Each filter should have an associated volume of air sampled, average temperature 

and pressure. This value is corrected to the EPA standard volume using the 
equation listed below. 

Where: 
Vavg is the calculated average flow rate during the elapsed sampling time (field data) 
Pa,, is the average barometric pressure in mm Hg during the sample run (field data) 
Tavg is the average temperature in K during the sample run (field data) 

15.5.2 Metals concentration in the air samples can then be calculated as follows: 

C = [(pg metam) x (Digestion volume, L/strip)(9) - Fm]Ns,d 

where: 
C = concentration, pg metaVm3. 
pg metam =determined metal concentration determined 
final extract volume (L)/strip = total sample extraction volume from extraction 
procedure 
9 = Useable filter area, [20 cm x 23 cm (8" x 9")] 
Exposed area of one strip, [2.5 cm x 20 cm (1" x 8'91. 
F, = average concentration of blank filters, pg. 
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Vstd = standard air volume pulled through filter, std. m3 (@2j°C and 760 rnrn Hg). 

15.5.3 When corrected average volume, average pressure and average temperature are 
NOT provided for a given filter, calculate pg metaufilter using the following 
equation 

pg metall filter =[(pg metalil) x (Digestion volume, L/strip)(9) - F J 

15.5.4 Reported values should be blank subtracted for filters that STAT Analysis supplies 
to the client. 

15.6 Wipe Samples: calculate the concentration as follows: 

Conc. in ~lg / f l?  = readout in pg/L * (50 mW initial wipe area in fi2) * 1 L11000 mL 

15.7 Aqueous Samples: The concentration readout for aqueous sample digestates is pgL. It 
does not need further data reduction unless the initial sample volume was less than 50 mL. 
If less than 50 mL sample was digested, calculate the concentration as follows: 

Concentration in mg /L = readout *0.001 *(50rnL/ initial sample volume digested in mL) 

15.8 Soil Samples: The concentration readout for soil samples must be multiplied by the 
following factor: Factor = (50 / sample weight in g). Calculate the concentration in soil 
samples as follows: 

Conc. in mg/Kg = readout * 0.001 (50 mC1 sample weight in g) * 1 LI1000 mL * 1000 g I1 Kg 

15.9 Soil samples reported on a dry weight basis: The concentration is divided by the decimal 
equivalent of the percent residue of the soil after oven dryng at 105 "C. 

15.10 Report results in the appropriate units. 

15.1 1 The procedure for uploading data into the LIMS system is detailed in SOP 1400 LIMS. 

16.0 METHOD PERFORMANCE 

Demonstration of Capability (DOC) 
All parameters of interest must meet the method acceptance criteria before actual sample analysis 
begins. See SOP 1230 Training for the procedure to perform and document the DOC. The 
DOCS for the analysts performing this method are located in the analysts' training form folders 
located in the QA office files. 

A QC reference concentrate is required containing each analyte at a concentration of either 10 or 
100 mgL. The QC reference sample used is a ten-fold dilution of the CCV solution. The QC 
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reference sample is made using stock standards prepared independently from those used for 
calibration. 

For each analyte calculate the mean recovery (X) and standard deviation (s) and the average % 
Recovery (%R). Compare X and s and %R with the corresponding acceptance criteria for 
accuracy and precision, respectively. X must be within 9/90 and 1 111 10 pg/L, respectively, and s 
must be less than 1.011 0.0 pg/L, respectively, and %R must be within 100 * 10%. 

These limits are taken fiom established in-house criteria. If X and s and %R for all analytes meet 
the acceptance criteria, the system performance is acceptable and analysis of actual samples can 
begin. If any individual X or %R falls outside the range for accuracy or any individual s exceeds 
the precision limit, then the system performance is unacceptable for that analyte and corrective 
action must be taken. 

Comparison to Reference Method Data: 
EPA Method 6020 Table 4, aqueous samples, ~rovides guidance for the establishment of control 
limits for the LCS samples. 

EPA Method 6020 Table 5, solid samples, provides guidance for the establishment of control 
limits for the LCS samples. 

EPA Method 10-3.5, Table 7, solid samples, provides guidance for the establishment of control 
limits for the LCS samples. 

In-House Control Limits: Method performance data is on file in the laboratory QC department. 
Comparison of method performance data for the laboratory to the reference method criteria 
occurs when laboratory in-house acceptance limits are gnerated. In-house generated data is % 

compared to the specifications of the reference method. If the in-house limits are within the 
specifications of the reference method, the control limits are updated in LIMS. If the in-house 
limits are not within specifications, an investigation is performed to determine the cause(s) of the 
problem and a corrective action is completed. The analysis may continue until enough data 
points are collected to regenerate new control limits. Any QC data generated outside of reference 
method Iimits during that time fiame is flagged. 

The laboratory maintains performance records to document the quality of data that is generated. 
Method accuracy for samples is assessed and records maintained. 

Control limits for the method parameters are generated by the QC staff and distributed to the 
analysts via updates to the LIMS control charts. The control limits are calculated based on in- 
house performance data. At a minimum, these limits are reviewed annually. 

17.0 POLLUTION PREVENTION 

The preparation of excessive volumes of laboratory reagents and standards shall be avoided so 
that waste and potential for pollution are minimized. Samples, reagents and standards shall be 
disposed in compliance with the lab waste disposal program, SOP 1130 Waste Disposal. With 
the consent of the client, the samples may be returned to their origin for treatment. 
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Uncontaminated paper waste, glass and cans shouldbe separated for recycling. Laboratory staff 
is required to protect the laboratory and our clients' business information when disposing of 
recycled paper or waste from the facility. 

18.0 DATA ASSESSMENT AND CRITERIA FOR QUALITY CONTROL hlEASlJRES 

Data assessment includes review of proper sample condition, preservation, and storage; analysk 
within holding time limitations; deviations from the SOP, evaluation of performance based on in- 
house control limits, reference method limits or project specific limits. 

The laboratory must maintain records to document the quality of data that is generated. Ongoing 
data quality checks are compared with established performance criteria to determine if the results 
of analyses meet the performance characteristics of the method. When results of sample spikes 
indicate atypical method performance, a calibration verification standard is used to c o n f m  the 
measurements were performed in an in-control mode of operation. The data review is conducted 
according to SOP 1250 Data Review. 

18.1 Blanks 
If the Method Blank, ICB or CCB exceeds the RL the source of contamination must be 
investigated and corrective actions taken. The analyte concentrations in the method blank 
of a digestion batch must be less than the RLs listed in Attachment 1. If these criteria are 
exceeded, re-analyze the method blank. If after re-analysis, the blank criteria are still 
exceeded, then the entire digestion batch must be re-digested or qualified. Always refer to a 
client specific QAPP for additional guidance. 

Affected samples must be reprocessed and reanalyzed or Data must be appropriately 
qualified if: 
1) The concentration of a targeted analyte in the blank is at or above the reporting limit as 

established by the SOP or by regulation, AND is greater than 1/10 of the amount 
measured in any sample. 

2) The blank contamination otherwise affects the sample results as per the test method 
requirements or the individual project data quality objectives. 

18.2 Laboratory Control Samples (LCS) 
The results of the individual batch LCS are calculated in percent recovery (%R). Results 
are compared to established acceptance criteria: 100 * 20% for all samples. If the LCS is 
outside the acceptance criteria the analytical system is "out-of-control." Any affected 
samples associated with an out of control LCS must be reprocessed and reanalyzed or the 
results reported with appropriate data qualifiers. If after re-analysis the control criteria have 
not been met, the entire digestion batch must be redigested for the out of control analytes of 
interest. Always refer to a client specific QAPP for additional gudance. 

18.3 Duplicates 
The results from laboratory duplicates are designed to assess the precision of analytical 
results in a given matrix and are expressed as relative percent difference (RF'D). See the 
STAT QAM, Section 5.4 for the calculation for RF'D. Results are compared to established 
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acceptance criteria as listed in the MSMSD. For duplicates results outside established 
criteria corrective action must be documented or the data reported with appropriate data 
qualifying codes. 

For this test method, the analysis of the MSMSD pair is used for determination of method 
precision. Duplicate LCS samples will be analyzed for all matrices where it would be 
impractical to perform a MSMSD, such as wipe samples. Precision limits of 20% will be 
used for RPD acceptance criteria for MSMSD and LCSLCSD. 

18.4 Matrix Spikes 
The results fiom MSMSD are primarily designed to assess the precision and accuracy of 
analytical results in a given matrix and are expressed as percent recovery (%R) and relative 
percent difference (RPD). See the STAT QAM, Section 5.4 for the calculation for RPD. 
Results are compared to established acceptance criteria: 100 + 25%R and 20% RPD for all 
samples. For mahix spike results outside established criteria corrective action must be 
documented or the data reported with appropriate data quali@ing codes. The RPD control 
limits are for analyte values greater than 100 times the instrumental detection limit. If this 
limit is exceeded, the reason for the out-of-control situation must be found and corrected. 

NOTE: The O/oR limits will not apply to samples with analyte concentrations that are 
greater than four times the spike level. 

Post Digestion Spike (PDS): This test may be applied for new or unusual matrices. An 
analyte spike added to a portion of a prepared sample, or its dilution, should be recovered to 
within 75 to 125 %R of the known value or within the laboratory derived acceptance 
criteria. The'spike addition should be based on the indigenous concentration of each 
element of interest in the sample. If the spike is not recovered within the specified limits, 
the sample must be diluted and reanalyzed to compensate for the matrix effect. Results 
must agree to within 10% of the original determination. The use of a standard-addition 
analysis procedure may also be used to compensate for this effect. 

18.5 Internal Standards 
The results of the individual Internal Standard compounds on all samples, blanks, and 
spikes are calculated in percent recovery (%R) and ire compared to established acceptance 
criteria. For instrument method 6020G.M, if the Internal Standard recovery in the test 
sample is outside the acceptance criteria, 30 to 120% of the response of the applicable 
internal standard in the ICAL Blank, corrective action must be taken. For ambient air 
samples, instrument method I035.M, this limit is 6@125 %R., A dilution test (1+4) may be 
performed to minimize the mahix effect. Report the results fiom the diluted sample if 
internal standard recovery is acceptable. 

NOTE: If the Internal Standard recovery in the calibration standards, ICV, ICB, CCV, or 
CCB is outside the acceptance criteria, 80 to 120% of the response of the applicable 
internal standard in the ICAL Blank, corrective action must be taken and affected samples 
must be reanalyzed. 
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18.6 Dilution Test 
If the analyte concentration is within the linear dynamic range of the instrument and 
sufficiently high (minimaIly, a factor of at least 100 times greater than the concentration in 
the reagent blank, an analysis of a fivefold (1+4) dilution must agree within 10% of the 
original determination. If not, an interference effect must be suspected. One dilution test 
may be included for each twenty samples (or less) in a batch. 

18.7 ICS 
Verify the magnitude of elemental and molecular-ion isobaric interferences and the 
adequacy of any corrections at the beginning of an analytical, run and once every 12 hours 
for instrument method 6020G.M. For ambient air sample, instrument method I035.M, the 
ICS pair is analyzed at the beginning of the analytical run and once every eight hours. The 
ICS pair is analyzed at the end of the run as well for both methods. Do this by analyzing 
the interference check solutions A and AB. The analyst should be aware that precipitation 
from solution AB may occur with some elements, specifically silver. The recovery of each 
element in the ICS solution should be 100 * 20%. 

18.8 Instrument Detection Limits 
IDLs in pg/L can be estimated by calculating the average of the standard deviations of the 
three runs on three non-consecutive days from the analysis of a reagent.blank solution with 
seven consecutive measurements per day. Each measurement must be performed as though 
it were a separate analytical sample (i.e., each measurement must be followed by a rinse 
andlor any other procedure normally performed between the analysis of separate samples). 
,DLs must be determined at least every three months and kept on file. 

19.0 CORRECTIVE ACTIONS FOR OUT-OF-CONTROL DATA 

The process for handling unacceptable and out of control data is found in SOP 230 Corrective 
Action. 

If the ICV, ICB, CCV, CCB, MB, LCSLCSD, MSMSD, PDS, lab duplicate, or internal 
standard recovery of any parameter falls outside the designated acceptance range, the laboratory 
performance for that parameter is judged to be out of control, and the problem must be 
immediately identified and corrective action taken. The analytical result for that parameter in the 
samples is suspect and is only reported for regulatory compliance purposes with the appropriate 
corrective action. Immediate corrective action includes reanalyzing all affected samples by using 
any retained sample before the expiration of the holding time. Final data results must be 
qualified in the client report for reported results not meeting the laboratory-defined criteria. 
1) Review standards preparation logbooks. Check all calculations and ensure dilution factors are 

properly recorded. 
2) Re-prepare the suspected standard or QC sample to identify possibIe preparation errors of the 

standard or QC sample. 
3) Re-Analyze the samples when the CCV or LCS is not within acceptable limits. 
4) Perform routine preventative maintenance following manufacturer's specification. Record all 

maintenance in the instrument logbook. 
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20.0 CONTINGENCIES FOR HANDLING OUT-OF-CONTROL OR 
UNACCEPTABLE DATA 

Every effort is made to prevent problems from occurring. When out of control or unacceptable 
data occurs the f i t  option is to identify the problem and reanalyze the samples within the 
holding times. When thls is not possible, the QA Manager andlor the Laboratory Director will 
review data and discuss options with the client. Reanalysis or reporting the data with 
qualification are alternatives. Out of control or unacceptable data reported to the client must 
include the data qualifier, flag and discussion on the rationale for reporting. 
Holding time exceedence, improper preservation and improper sample condition or storage are 
noted on the corrective action form and included on the final report. 
Review the CCV standard response, LCS result, ICS results, and internal standard recovery for 
acceptable performance for each batch of samples. Record any trends or unusual performance on 
a corrective action form. Final data results must be qualified in the client report fbr results not 
meeting the laboratory-defined criteria. 

20.1 The process for handling unacceptable and out of control data is found in the Laboratory 
QAM Section 11. The reporting of data that is out of control must be approved and 
documented by Quality Assurance Manager and either the Technical Manager or the 
Laboratory Director. 

20.2 Client Requested Modifications: 
20.2.1 Clients must request modifications fiom the laboratory SOP in writing to the lab. 
20.2.2 The lab director, technical manager and quality assurance manager will evaluate 

the requested client deviations, determine the feasibly of the deviation and the 
potential effects on the data. 

20.2.3 If it is determined that the lab will perform the requested deviations, lab director, 
technical manager and quality assurance manager will decide if a method validation 
study is required. 

20.2.4 The designated project manager will retain all documentation concerning the 
requested deviation, including all correspondence with the client, in the client 
folder. 

20.2.5 The final analytical report must include the statement "This report has analyses 
performed using client requested modifications." 

21.0 WASTE MANAGEMENT 

The STAT Analysis Corporation Waste Disposal SOP 1130 identifies proper waste management 
practices for the chemicals and biological materials used in this procedure. Samples are stored 
and discarded accordance with SOP 1 130 Waste Disposal. 

22.0 REFERENCES 
22.1 Method 6020, Revision 0, December 1996; U.S. EPA SW-846 "Test Methods for 

Evaluating Solid Waste, PhysicaVChemical Methods" Update 111, December 1996 
22.2 Compendium Method 10-3.5 Compendium of Methods for the Determination of 

Inorganic Compounds in Ambient Air: Determination of Metals in Ambient Particulate 
Matter Using Inductively Coupled Plasma, Mass Spectrometry (ICPJMS), U.S. EPA, 
June 1999. 
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STAT Analysis Corporation Quality Assurance Manual 
STAT SAP 003 Chemical Hygiene Plan 
STAT SOP 230 Corrective Actions 
STAT SOP 1000 Control and Use of Laboratory Notebooks 
STAT SOP 101 0 Standard and Reagent Preparation 
STAT SOP 1040 General Laboratory Procedures 
STAT SOP 1130 Waste Disposal 
STAT SOP 12 10 Method Detection Limits (MDLs) 
STAT SOP 1230 Training 
STAT SOP 1250 Data Review 
STAT SOP 1400 L,IMS 
STAT SOP 3005 SW846 3005A Acid Digestion of Waters for Total Recoverable or 
Dissolved Metals for Analysis by F L M ,  ICP, or ICP-MS 
STAT SOP 31 10 SW846 3050B Acid Digestion of Sediments, Sludges, and Soils for 
Metals Analysis by F L M ,  ICP, or ICP-MS 
STAT SOP 3 1 15 Acid Digestion of High Volume Filters 
Manufacturers' Equipment Instruction Manuals 

23.0 FORMS, FIGURES, TABLES, DIAGRAMS, FLOWCHARTS, ATTACHMENTS 
OR VALIDATION DATA 
Attachment 1 : MDLs and Reporting Limits 
Attachment 2: Concentrations of ICS Solutions 
Attachment 3: Concentrations of Spike Solutions 
Attachment 4: Tune adjustment Parameters 
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ATTACHMENT 1: MDLs and REPORTING LIMITS FOR ELEMENTS 

1 I I I Aoueous 1 Soil I Air 
Mass IDL MDL RL MDL RL MDL RL 

CAS# Element (Isotope) *, 
** Cgn) ( m g n )  ( m g n )  (mglKg) ( m t w g )  filter) 

7429-90-5 Aluminum 27 0.235 0.00309 0.02 0.3271 2 N A N A 
7440-36-0 Antimony 121*, 123 0.606 0.00249 0.003 0.1099 0.2 0.75 5 
7440-38-2 Arsenic 75 0.063 0.00097 0.002 0.0429 0.1 0.69 5 
7440-39-3 Barium 135, 137* 0.007 0.00140 0.002 0.0260 0.1 27 200 
7440-41 -7 Beryllium 9 0.004 0.00027 0.001 0.0074 0.05 0.25 5 
7440-43-9 Cadmium I l l * ,  114 0.015 0.00021 0.001 0.0078 0.05 0.20 5 
7440-47-3 Chromium 52 *, 53 0.027 0.00054 0.002 0.0260 0.1 1.4 10 
7440-48-4 Cobalt 59 0.019 0.0001 1 0.002 0.0051 0.1 0.18 5 
7440-50-8 Copper 63*, 65 0.080 0.00158 0.005 0.0404 0.25 0.52 5 
7439-92- 1 Lead 206,207, 

208** 
0.019 0.00059 0.001 0.0065 0.05 0.40 5 

7439-96-5 Manganese 55 0.020 0.00029 0.002 0.01 14 0.1 0.82 10 

7440-02-0 . Nickel 60*, 62 0.186 0.00107 0.002 0.0434 0.1 0.54 10 
7782-49-2 Selenium 82 0.210 0.00172 0.002 0.0646 0.1 0.44 5 
7440-22-4 Silver 107*. 109 0.050 0.00079 0.002 0.0278 0.1 0.071 5 
744@28-0 Thallium 205,203* 0.096 0.00026 0.002 0.0080 0.1 0.17 5 
744@32-6 Titanium 46,47* 0.00057 0.005 .0261 0.25 1.1 10 
744@66-6 Zinc 66*, 67,68 0.080 0.00160 0.01 0.1 157 0.5 2.2 . 25 

NOTES: 

* Primary mass used for quantitation. Other masses are optionally used if proper instrument QC is 
available. 

** The summation of all three lead masses is used for quantitation. 
NA = not applicable 
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ATTACHMENT 2: CONCENTRATIONS of ICS SOLUTIONS 

Solution A: Concentration in mg/L 

Solution AB: Concentration in mg/L 
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ATTACHMENT 3: CONCENTRATIONS OF LCSIMS SPIKING SOLCTTION 

1 Concentration 

Arsenic 
Barium 

Boron 

Aluminum 
Antimony 

1 Cadmium I 2 5 I 

- 

25 

12.5 

Molybdenum 
Nickel 

Selenium 
Silver 

Vanadium I 2 5 

I Calcium I 100 

Thallium 
Titanium 

Tin 

Zinc 

I Tron I 100 

2 5 
12.5 
12.5 

2 5 
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ATTACHMENT 4: Tune Adjustment Parameters 

Plasma conditions: 
Higher RF Power generally increases the sensitivity. 

Sample Depth 
Shortening sample depth increases sensitivity and raises oxide levels. 

To reduce Oxide lons 4 . 2 %  
lncrease the sampling depth 
Decrease the carrier gas flow 
lncrease the RF power 
Decrease the sample flow rate 

To Reduce the Doubly Charged lons < 5% 
Increase the sampling depth 
Decrease the carrier gas flow 
lncrease the RF power 
Decrease the sample flow rate 

Resolution and Mass Axis 
Peak width at 10 % should be 0.65 - 0.8 AMU 
Mass Axis should be within +/- 0.1 AMU of the selected mass 

AMU Gain -Adjusts the peak width. The higher the value the narrower the peak width for heaver masses 

AMU Offset -Adjusts the peak width. The higher the value the narrower the peak width for ALL masses 

Axis Gain -Adjusts mass calibration. Higher value shifts the peak of heavier masses towards higher mass 

Axis Offset -Adjusts mass calibration. Higher value shifts the peak of ALL masses towards higher mass 

QP Bias - Controls the speed of ions as they pass through the Q-Pole. 
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1.0 Identification of Test Method 

Mercury In Water, Solid Or Semisolid Water (Manual DigestionlAutomated Analysis Cold-Vapor 
Technique) - EPA METHODS 7~-70A & 747 1 A 

2.0 Applicable Matrix or Matrices 

This method is applicable to the following matrices: non-potable water, solid and chemical waste. 

3.0 Detection Limits 

The lab follows the procedure found in 40CFR Part 136B to determine the MDL for each matrix type on 
an annual basis. See the STAT Analysis SOP 12 10 for the MDL Procedure, frequency and acceptance 
criteria. The MDLs measured by the laboratory and all supporting documentation are in the laboratory 
QA files for review. 

The laboratory determined MDL must always be less than the reporting limit (RL). The RLs will usually 
range from three to ten times the laboratory measured MDLs, but this relationship may vary dependent on 
dilution of sample aliquots, matrix interferences, moisture adjustments (in solid samples), or method 
specific requirements. 

The reporting limits for this method is 0.00025 mg/L for waters and 0.025 mglkg for soils. The method 
detection limits for these method:; are 0.000015 mg/L for waters and 0.0022 mglkg for soils. Reporting 
lirnits are based upon the lowest c:alibntion standard 

4.0 Scope and Application 

Th~s method is a cold-vapor atomic absorption procedure for determining the concentration of mercury in 
mobility-procedure extracts, aqueous wastes, and ground waters (EPA Method 7470A) as well as 
measuring total mercury (organic and inorganic) in soils, sediments, bottom deposits, and sludge-type 
materials (EPA Method 7471A). All samples must be subjected to an appropriate dissolution step prior to 
analysis. If this dissolution procedure is not sufficient to dissolve a specific matrix type or sample, then 
this method is npt applicable for .hat matrix. 

NOTE: Each analyst must deononstrate the ability to generate acceptable results with this method. 

5.0 Summary of Test ]Method 

5.1 Prior to analysis, the ' iquid samples and the solid or semi-solid samples must be prepared 
according to the procedures discussed in this method. 

5.2 The cold-vapor absorption method is based on the absorption of radiation at the 253.7-run 
wavelength by mercury vapor. The mercury is reduced to the elemental state and aerated from 
solution in a closed s:~stem. The mercury vapor passes through a cell positioned in the light path 
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of an atomic absorpticu spectrophotometer. Absorbance (peak height) is measured as a b c t i o n  
of mercury concentration. 

5.3 Method modifications from Reference - 'Rus procedure utilizes an automated cord-vapor 
technique, mixing stannous chloride with an aliquot of the sample digestion at the instrument. 
Digestiot~s take place in graduated 50-1111 tubes. 

6.0 Definitions 

The STAT Analysis Corporation t)uality Assurance Manual (QAM) contains the definitions of standard 
terms used in this SOP. 

7.0 Interferences 

7.1 Potassium permanganlte is added to eliminate possible interference from sulfide. 
Concentrations as high as 20 ppm of sulfide as sodium sulfide do not interfere with the recovery 
of added inorganic mercury from reagent water. 

7.2 Copper has also been :eported to interfere; however, copper concentrations as high as 10 ppm 
had no effect on recocery of mercury from spiked samples. 

7.3 For liquid analysis: scawaters, brines, and industrial effluents high in chlorides require 
additional permangan.3te (as much as 25 mL) because, during the oxidation step, chlorides are 
converted to ffee chlorine, which also absorbs radiation of 253 nm. Care must therefore be taken 
to ensure that free ch11)rine js absent before the mercury is reduced and swept into the cell. This 
may be accomplished by using an excess of hydroxylamine hydrochloride reagent. Both 

' 

inorganic and organic mercury spikes have been quantitatively recovered from seawater by using 
this technique. 

7.4 For solid analysis: sanples high in chlorides require additional permanganate (as much as 25 
mL) because, during the oxidations step, chlorides are converted to free chlorine, which also 
absorbs radiation of 253 nm. Care must therefore be taken to ensure that free chlorine is absent 
before the mercury is reduced and swept into the cell. This may be accomplished by using an 
excess of hydroxylanine sulfate reagent (25 ml,). In addition, the dead air space in the digestion 
vessel must be purged before adding stannous chloride. 

7.5 Certain volatile organic materials that absorb at this wavelength may also cause interference. A 
preliminary run withcut reagents should determine if this type of interference is present. 

8.0 Safety 

8.1 General laboratory protection (safety glasses, lab coat, disposal latexhitrile gloves) should be 
worn at all times when handling samples or reagents. 
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8.2 The digestion, and all reagent additions, must be performed in a hme  hood. 

8.3 The potential health llazards from the samples cannot be determined. Therefore, exposure to 
the samples should b: minimized to the extent possible. Other safety precautions must be 
conducted in accordance with the Chemical Hygiene Plan. Other actions can also be applied 
if deemed necessary. 

8.4 A reference file of material safety data sheets (MSDS) is available in each room for personnel 
involved in an analysis using chemicals. 

9.0 Equipment and Supplies 

The following apparatus is reconmended for performing this procedure. Equivalent items can be used, if 
with their use, the analytical and QAIQC requirements in this SOP can be met. 

9.1 Cetac M-6OOOA Mercury Analyzer with ASX-500 autosampler. This instrument utilizes cold 
vapor atomic absorption to measure mercury concentration. Manufacturer recommended 
settings are used during operation. 

9.2 Water Bath or Hot plide - adjustable and capable of maintaining a temperature of 9 0 - 9 5 ° C .  

9.3 Analytical balance, capable of measui-ing 0.00 1 g. 

9.4 Argon gas supply: high-purity grade (99.99%). 

9.5 Graduated 50 mL centrifuge tubes, with screw caps 

9.6 Thermometer capable of measuring 90-100 O C  with suitable precision and accuracy. 

9.7 Disposable tubes, ap ?roximately 14 mL 

9.8 Autopipettor: 0.010 lo 0.10 mL, 0.10 to 1.0 nlL, 1 . 0  to 5.0 mL 

9.9 Dispensing pipets: 1-5 mL, 1-10 mL, I -20 mL 

10.0 Reagents and Standards 

The following reagents and stancards are required to perform this procedure. When instructions are given 
on how to prepare a specific voh me of a reagent or standard, larger or smaller volumes can be prepared 
as needed so long as the final concentrations remain the same. Any other deviations from the reagents or 
standards listed in this SOP coultl be detrimental to the quality of the data produced. Such deviations 
would have to be approved and cocumented. 

10.1 Instructions for labeling and record keeping of reagents and standards are contained in SOP 
10 10 Standard and Reagent Preparation. 
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10.2 Reagents - In methods where the purity of reagents is not specified, analytical reagent grade 
shall be used. Reagents of lesser purity than those specified by the test method shall not be 
used. 

10.3 Standards 

10.3.1 At least one of the standards must be traceable to a NIST traceable source when 
available The mirnufacturer should include a certificate of analysis for each 
standard. If one is not provided, contact the manufacturer. Retain all certificates 
in the de: ignated binder (see SOP 10 10 Reagent Receiving). 

10.3.2 Intermekate and Working standards (Sections 10.20 - 10.23) must be prepared 
volumetr cally using class A volumetric glassware, calibrated micro-pipettes, or 
gas tight jynnges. Do not use disposable pipettes to prepare standards. 

10.3.3 The use c~f  alternative standards will be allowed as long as the analytical and 
quality oljectives of the SOP can be met. 

10.4 Reagent Water: Reagent water will be interference free. All references to water in this 
method will refer to r-agent water unless otherwise specified. 

10.5 Sulfuric acid (H2SO4:, concentrated: Trace Metal grade. 

10.6 Hydrochloric Acid (ILCl), concentrated: Trace Metal grade. 

10.7 Nitric Acid (FINO3), concentrated: Trace Metal grade. 

10.8 Aqua Regia: Prepare immediately before use by carefully adding three volumes of 
concentrated HC1 to one volur~e of concentrated HN03. 

10.9 Stannous Chloride, Llihydrate (SnCI2.2H20): Reagent Grade 

10.10 Stannous chloride, 10% solution (wtv): Dissolve 100 g of SnC12 in 70 mL of concentrated 
HC1 and dilute to 1 liter with reagent water. 

10.1 1 Sodium Chloride (NriCl): Reagent Grade. 

10.12 Hydroxylarnine Hydl-ochloride: Reagent Grade, "Suitable for Mercury Determination". 

10.13 Sodium chloride - hlrdroxylatnine hydrochloride solution: dissolve 120 g of sodium chloride 
and 120 g of hydroxlllarnine hydrochloride in reagent water and dilute to 1 liter. 

10.14 Potassium Permanganate (KMn04): Reagent Grade, "Suitable for Mercury Determination". 

10.15 Potassium permanganate (KMn04), 5% solution (wlv): Dissolve 50 g of KMn04 in 1 liter of 
reagent water. 
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10.16 Potassium persulfate (K2S2O8): Reagent Grade. 

10.17 Potassium persulfate (K2S2O8), 5% solution (wlv): Dissolve 50 g of K2S2O8 in I liter of 
reagent water. 

10.1 8 2%HN03/2%HC1 rinse: Add 40mL of concentrated HN03 and 40 mL of concentrated WCI in 
reagent water and dill te to 2 liters. 

10.1 9 Ottawa Sand 

10.20 Stock Standard Solutions: 1000 mg/L mercury standards are purchased commercially. Standards 
from two separate sources are purchased, one to be used for calibration and the second to be used 
for calibration veri ficaiion. 

10.21 Intermediate Calibration Standard Solution: (CAL STD 10 mg/L) Add approximately 80 mL 
of reagent water to a 00 mL volumetric flask, add 0.500 mL of Nitric Acid, add 1.00 mL of 
Stock Standard Solution (1000 mg/L), dilute to final volume. Prepare fresh every 28 Days. 

10.22 Intermediate Calibrat on Verification Standard Solution: (ICVICCV 10 mg/L) Add 
approximately 80 mL of reagent water to a 100 mL volumetric flask, add 0.500 mL of Nitric 
Acid, add 1 .OO mL of the second source Stock Standard Solution (1 000 mg/L), dilute to final 
volume. Prepare fresh every 28 Days. 

10.23 Working Calibration Standard Solution: (100.0 pg/L) Add approximately 80 mL of reagent 
water to a 100 rnL volumetric flask, add 0.500 mL of Nitric Acid, add l .OO mL of 
Intermediate Calibration Standard Solution (10.0 mg/L, Section 10.20), dilute to final 
volume. Prepare fresh weekly (Expires in 7 days). 

10.24 Working Calibration Verification Standard Solution: (ICVICCV 100.0 pg/L) Add 
approxiinately 80 mL, of reagent water to a 100 mL volumetric flask, add 0.500 mL of Nitric 
Acid, add 1 .OO rnL ol'lntermediate Calibration Verification Standard Solution (10.0 mg/L, 
Section 10.21), dilute to final volume. Prepare fresh weekly (Expires in 7 days). 

10.25 ICV Standard: Into :. 50.0 mL centrifuge tube spike 0.30 mL of Worlung Calibration 
Verification Standart1 Solution: (ICVICCV 100 pgL, Section 10.23). Dilute to 30 mL with 
reagent water, TV= I .O pg&. 

10.26 CCV Standard: Into a 50.0 mL centrihge tube spike 0.750 mL of Working Calibration 
Verification Standml Solution: (ICVICCV 100 WL, Section 10.23). Dilute to 30 mL with 
reagent water, TV= :!SO pgk. 

10.27 LCSMSMSD Spiking Solution: Spike 0.750 mL of Working Calibration Verification 
Standard Solution: (ICVICCV 100 pg/L, Section 10.23) per sample. 

10.28 Prepare Calibration !itandards in 50.0 mL centrifuge tubes from the Working Calibration 
Standard Solution (100 pg/L Section 10.21) by dilution to 30.0 rnL as follows: 
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Table 1 Mercury Calibratior: Standards 

11.0 Sample Collection, Preservation, Shipment and Storage 

1 1.1 All samples are ston:d away from all standards, reagents, food, and other potentially 
contaminating sourc:s in order to prevent cross contamination. 

1 1.2 The following table 3ummarizes the requirements for proper sample collection, preservation, 
shipment and storage. 

Matrix 

Solid 

Liquid 

Bottle / Preservation Shipping & I I Minimum PrepIAnalysis I 
T Y P ~  I I Storage 1 Sample I Hold Time 

Chill to 4°C 

Acic ify with 250 mL 28 days 

[P= Polyethylene, G = Glass, AG = Amber Glass, etc.]. 

1 1.3 All sample containe~s should be pre-washed with detergents, acids, and reagent water. Plastic 
and glass containers are both suitable. 

1 1.4 Aqueous samples mwt be acidified to a pII < 2 with HN03. 

11.5 The ~naximum holding time for mercury is 28 days. 

1 1.6 Non-aqueous samp11:s shall be refrigerated, when possible, and analyzed as soon as possible. 

1 1.7 It can be difficult to obtain a representative sample with wet or damp materials. Wet samples 
may be dried, crusht:d, and ground to reduce sub-sample variability as long as drying does not 
affect the extraction of the analytes of interest in the sample. 
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1 1.8 Sample Storage 

1 1.8.1 Non-aquzous samples must be chilled to 4OC. 

12.0 Quality Control 

The following details the QC requirements that apply to this analysis. Each Quality Control Indicator 
(QCI) provides information pertaming to either method or individual sample performance. Our goal is to 
produce defensible data of knowr, and documented quality. 

The results of these QCI samples are used to assess the acceptability of data. 

12.1 Blanks 

The Method Blank alialysis is performed to dete~mine if any contamination is present in the 
analytical process and is used to evaluate acceptance of the batch of samples. The method 
blank must be processed along and under the same conditions as the associated samples, 
including cleanup prtcedures. The method blank must be analyzed at a minimum of 1 per 
preparation batch (set: Section 8 for definition of a prep batch). The method blank is of a 
similar matrix (e.g., reagent water, Ottawa sand, glass beads, etc.) to the associated samples 
and is known to be frze of the analytes of interest. 

12.2 1,aboratory Control Sample (LCS) 

The LCS is used to e-laluate the performance of the total analytical system, including all 
preparation and anallsis steps. The LCS is a controlled matrix (e.g., reagent water, Ottawa 
sand; glass beads, etc.), known to be free of analytes of interest, spiked with known and 
verified concentntio~~s of analytes. Alternatively the LCS may consist of a media containing 
known and verified c wcentrations of analytes or as Certified Reference Material (CRM). All 
LCS analyte concenhations must be within the calibration range. The LCS must be analyzed 
at a minimum of 1 per preparation batch (see Section 8 for definition of a prep batch). 

12.3 Matrix Spike and Matrix Spike Duplicate (MSIMSD) 

MSMSDs indicate tke effect of the sample matrix on the precision and accuracy of the 
results generated using the selected method. This information does not determine the validity 
of the entire batch. h[S/MSDs must be analyzed at a minimum of 1 per 20 samples per 
matrix per preparatio~l procedure, or as specified by the required test method. If an MSMSD 
pair is not analyzed iri the preparation batch, an LCSLCSD pair is analyzed. 

Samples chosen for matrix spiking are rotated among different clients andlor different client 
projects. This is acccmplished through communication between the Department Manager 
and the analyst. In acdition, designated samples, as indicated by client request or contract 
requirement, are matrix spiked. 
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12.4 Duplicates 

Duplicates are defineli as replicate aliquots of the same sample taken through the entire 
analytical procedure. The resuits from this analysis indicate the precision of the results for 
the specific sample wing the selected method. The duplicate provides a usable measure of 
precision only when target analytes are found in the sample chosen for duplication. 
Duplicates are perfonned on replicate aliquots of actual samples. The duplicate analysis may 
be analyzed at a frequency of 1 per 20 samples per matrix per preparation procedure. 

Sanlples chosen for duplicate analyses are rotated among different clients and/or different 
client projects. This s accoruplished through communication between the Department 
Manager and the ana! yst. 

Note: For this test mt:thod, the analysis of the Matrix Spike Duplicate (MSD) is used as a 
substitute for the laboratory duplicate. In those cases when there is insufficient sample to 
perform a MS and MSD analysis, the duplicate analysis is used to judge the precision of the 
analytical results. In those cases when there is insufficient sample to perform either a 
duplicate analysis or MSD analysis, the duplicate analysis of the LCS (LCSILCSD) is used to 
judge the precision of the analytical results. 

12.5 Post Digestion Spikes (PDS) 

Post Digestion Spikes are used to check for matrix interference on a given matrix. Added 
after sample prepara!ion, they provide a measure of recovery for every sample matrix. They 
may be analyzed at a frequency of 1 per 20 samples per matrix per preparation procedure. 

13.0 Calibration and Standardization 

Initial Calibration (ICAL) 

In addition to achieving the reference method requirements for the minimum number of calibration 
standards and the acceptance criteria (statistics) for calibration curve fit, the following ICAL criteria also 
apply: 

13.1 The lCAL must be a minimum of 5 standard$, not incluhng a blank. 

13.2 The ICAL must be ~erified with a second source standard (ICV) prior to the analysis of 
samples. 

13.3 Results of samples rot bracketed by the ICAL range must be qualified on the final report. If 
possible, dilute the sample or extract and reanalyze in order to achieve a result within the . 

calibrated range oft he instrument. 

13.4 The lowest calibration standard may establish the reporting limit. The reporting limit may 
also be based upon imothe~ point in the calibration curvc. It must be greater than the 
detection limit. 
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13.5 The ICAL is digested weekly, and analyzed daily with the preparation batch. The digested 
standards are stored rear the instrument and are labeled with the standard concentration, the 
matrix (S or W), and the date the standard was digested. 

Initial Calibration Verification (I(X 

In addition to the method requirements, the following ICV criteria also apply: 

13.6 Must be a second source standard from the ICAL standards or from a different manufacturer 
lot number. 

13.7 Must be traceable to NIST when available. 

13.8 Must be digestedhnalyzed every day a preparation batch is performed. 

Continuing Calibration Verification (CCV) 

In addition to the method requirenents, the following CCV criteria also apply: 

1 3.9 Must be digestedJan2lyzed every day a preparation batch is petiormed. 

13.1 0 Must be analyzed afier every 10 samples and at the end of each analytical batch, 

13.1 1 If the CCV results obtained are outside the acceptance criteria, corrective actions must be 
performed. If routinl: corrective actions fail to produce an acceptable second consecutive 
(immediate) CCV, tfen either the lab has to demonstrate performance afier corrective action 
with two consecutive: successful CCVs, or a new ICAL must be performed. If the instrument 
has not demonstratetl acceptable performance, sample analyses cannot continue until a new 
ICM, is established md verified with an ICV. However, sample data associated with an 
unacceptable CCV may be reported as qualified data under the following special conditions: 

13.1 1.1 When the acceptance criteria for CCV are exceeded high, i.e., high bias, and there are 
associated simples that are nondetects, then those nondetects may be reported. 
Otherwise the samples affected by the unacceptable calibration verification must be 
reanalyzed after a new lCAL has been established, evaluated and accepted. 

13.1 1.2 When the acceptance criteria for the CCV are exceeded low, i.e., low bias, those 
sample results may be reported if they exceed a maximum regulatory limit/decision 
level. Otherwise the samples affected by the unacceptable verification must be 
reanalyzed efter a new ICAL is established and verified with an ICV. 

13.1 1.3 When thc acceptance criteria for the CCV are exceeded and it is not possible to 
reanalyze thz sample due to limited sample quantity AND a new sample cannot be 
obtained by the laboratory, the data may be reported with the appropriate data 
qualifiers if the client has been contacted and agrees, in writing, to accept the 
qualified da a. 
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13.12 Records: Initial and Continuing Calibration Records will contain, at a minimum, the 
following: 

Calibration date 
Instrument 
Analysis date 
Analyst's initials or signature 
Standard Concentrat on (appropriate units) and number of standards 
Response (appropria .e units) 
Calibration curve 
Evaluation of and St.itistics for ICAL curve fit in order to judge calibration curve acceptance 

InitialiContinuin~ Calibration Bl,~nk (ICBICCB - Reagent Blank) 

In addition to the method requirements, the following ICBICCB criteria also apply: 

13.13 Must be digestedan:[lyzed every day a preparation batch is performed. 

Note: For aqueous digestions, the Method Blank may act as the ICBICCB. 

13.14 Must be analyzed after Initial Calibration Verification (ICV). 

13.1 5 Must be analyzed afler every Continuing Calibration Verification (CCV). 

Calibration Acceptance Summary (see Table 2): 

Table 2 Quick reference of instrument Calibration Kequirements 

I 1 analyzed daily 1 standards, see Table 1 1 1 repeat initial 

- 
QCI 

I I for concentrations 1 calibration 
1CV ( Digested ant1 analyzed 1 1 .OO pg/L I 6 10% of true value ( Correct problem then 

. Frequenky I ^  Standards 1 Control Limits 1. Corrective Action " 
IC AL ( Digested weekly, 1 Minimum 5 1 r 20.995 I Correct problem then 

Suv~or t  Equipment 

CCV 

ICBICCB 

Autopipettes - Check aulopipette to ensure standardization is within control limits (see SOP for 
Pipette Calibration). 
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Balances - Be sure the bz lance is checked prior to use and performance criteria are met (see SOP 
for Calibration of Balances). 

Thermometers - Check the thermometer to ensure the calibration is not expired (see SOP for 
Thermometer Calibratior~). Check the thermometer during the analysis and record the corrected 
temperature in the analysis logbook. 

14.0 Procedure 

14.1 Digestion Procetlure for Aqueous Samples (EPA METHOD 7470A) 

14.1.1 Measure 30 ml of sample aliquot (or portion of sample diluted to 30 mL) 
- nto a 50 mlcentrihge tube. Addition of all reagents should be done in 
 he hood. 

14.1.2 4dd I .5 ml of concentrated H2S04. 

14.1.3 .4dd 0.75 rnl of concentrated HNO,. 

,14.1.4 4dd 4.5 ml of KMN04 solution, cap, invert to mix, and let sit for at least 
15 minutes. If samples are no longer purple after 15 minutes, (i.e. brown 
,>r clear) re-prepare sample at dilution. 

14.1.5 4dd 2.4 ml of K2S208 solution, screw cap on tube and invert to mix. 

14.1.6 Heat for two hours at 90-95OC in water bath or hot block. Record time. 
inltirne out in prep logbook. Record thermometer lD and bathlblock 
iemperature in prep logbook. 

14.1.7 Zoo1 and add 1.8 ml of Sodium Cllloride - Hydroxylamine 
Hydrochloride solution to reduce excess KMN04. Invert to mix. 

14.1.8 Samples are now ready for analysis on Cetac M-6000A according to 
method and instrument parameters. 

14.1.9 Record all reagents used in prep logbook. 

14.2 Digestion Proce~lure for Solid or Semisolid Samples (EPA METHOD 7471A) 

14.2.1 Weigh approximately 0.3 g of sample into a 50 rnl centrifuge tube. For 
Method Blank and LCS, weigh approxin~ately 0.3 g of Ottawa sand. 

14.2.2 Add 1.5 ml of DI H20 

14.2.3 Add 1.5 ml Aqua Regia. Add Aqua Regia and all other reagents in 
bood. 

14.2.4 Heat in a water bath or hot block at 90-95 OC for 2 minutes. Record time 
idtime out in prep logbook. Record thermometer ID and bathblock 
temperature in prep logbook. 

14.2.5 Allow to cool for 5 minutes. 

14.2.6 Add 1 5 ml DI H20.  

14.2.7 Add 4.5 ml of KMN04, cap and invert to mix. 
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14.2.14 

14.3 Analysis 

14.3.1 

14.3.2 

\\Harrison\d\Quali~y Control\Qualiry 
SOLIDS Rev 03 .doc 

Heat in water bath at 90-95°C for 30 minutes. Record time idtime out in 
prep book. 

.<llow to cool for 15 minutes. 

.<dd 1.8 ml Sodium Chloride - Hydroxylamine Hydrochloride solution 
I o reduce excess KMNO,. 

4dd 16.5 ml DI HzO. Invert to mix. 

Samples are now ready for analysis on Cetac M-6000A according to 
nethod and instrument parameters. 

Standards for soils will be prepared as noted above in section 10.27 
:Table I). Before addition of reagents add 3 ml of DI H 2 0  to ensure the 
final volume is the same for samples and standards. Otherwise treat 
standards in the same manner as samples with regard to reagent addition, 
2xcept add no additional water (omit steps 14.2.2, 14.2.6 and 14.2.1 1). 
Final volume of samples and standards should be 40.8 ml. 

Record all reagents used in prep logbook. 

Turn on the gas. 

Turn on the power to the instrument, the lamp. and the autosampler. 
Allow the lamp to warm up for at least 20 minutes. 

Double click on the Hg Analysis icon on the desktop. 

The main menu appears. Click on Worksheet, click on Open, and select 
an appropriate worksheet for analysis (currently Daniel). 

Click on the Filing tab. Click on Rename. Click on Yes. Change the 
analyst, and the ICM, and QC solutions, as appropriate. 

Disconnect the outlet gas (top tube) from the gas-liquid separator. 

Attach the tubing to the pump - Stannous chloride solution on top, 
followed by the sample tubing, and finally the drain tubings. 

Turn on the pump, and allow stannous chloride and rinse solution to start 
pumping into the gas-liquid separator. Pinch the drain tubing (or 
disconnect) to allow the gas-liquid separator to fill with solution. This 
process "wets" the center post of the gas-liquid separator. Once the 
center post has been sufficiently wetted, reconnect the drain tubing on 
the pump, and allow the gas-liquid separator to drain completely. 
Reattach the outlet gas tubing to the gas-liquid separator. 

Click on the Labels tab. Type the samples into the table. 

Load the samples into the autosampler tray. 

Click on the Analysis tab. Click on Instrument on the menu and click 
on Zero. Click on the Read button, click on Standard, select Standard 
6, and click OK. The instrument will now analyze the highest standard. 
Check for adequate response, and reproducibility. 
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14.3.12  slick on the Start button. Check the boxes for calibration (as 
iecessary), instrument zero, and for report printing, and click OK. 

14.3.13 Mute and reanalyze any sample that exceeds the highest standard. 
ieanalyze auy detectable sample if the %RSD exceeds 5 %. 

14.3.14 4fter analysis, rinse the gas-liquid separator with an HN03 solution. 
h i n  the gas-liquid separator completely. Turn off the gas, pump, 
.mtosampler, lamp, and then the instrument. 

15.0 Data Reduction, C'alculations and Loading 

15.1 The data system will then prepare a calibration curve by plotting response versus standard 
concentration. Sample concentration is calculated from the regression equation. 

NOTE: The LIMS program will convert pg/L (part per billion) concent~ations from the 
instrument readout to m g k  or mg/Kg (part per million). 

15.2 Report only those values that fall between the lowest and highest calibration standards. 
Samples exceeding the highest standard must be diluted and reanalyzed. 

15.3 Aqueous samples - The concentration readout for aqueous sample distillates is pg HgIL. It 
does not need hrther data reduction unless the initial sample volume was less than 30 mL. If 
less than 30 mL sample was digested, calculate the concentration as follows: 

Concentration in mg Hg/L = readout * 0.001 (30 mL1 initial sample volume analyzed in mL) 

15.4 S.olid Samples- The concentration readout for soil and solid samples must be multiplied by 
ihe following factor: Factor = (30/ sample weight in g). Calculate the concentration of Hg in 
soil and solid samplcs as follows: 

Concentration in mg Hg/L = readout * 0.001 (30 mL/ initial sample weight in g) 

15.5 The procedure for u1,loading data into the LIMS system is detailed in SOP 1400 LIMS 

16.0 Method Performance 

Demonstration of Capab;l;tv (DoiJ 

All parameters of interest must nee1 the method acceptance criteria before actual sample analysis begins. 
See SOP 1230 Training for the ~rocedure to perform and document the DOC. The DOCS for the analysts 
performing this method are locaied in the analysts7 training form folders located in the QA office files. 

A quality control (QC) reference concentrate is required containing each analyte at a concentration of 
0.00025 mgL for aqueous samples and 0.025 m&g for soil samples using the ICV/CCV solution. The 
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QC reference sample is made using stock standards prepared independently from those used for 
calibration. 

For each analyte calculate the m a n  recovery (X) and standard deviation (s) and the average % Recovery 
(%R). Compare X and s and %R with the corresponding acceptance criteria for accuracy and precision, 
respectively. Note: For aqueous samples, X must be within 0.00025 * 0.00005 mg/L and s must be less 
than 0.00005 mg/L and %R must be w i t h  100 * 20%. Note: For soil samples, X must be wlthin 0.025 * 
0.005 mg/Kg and s must be less than 0.005 mg/Kg and %K must be within 100 * 20%. These limits are 
taken from established in-house criteria. If X and s and %R for all analytes meet the acceptance criteria, 
the system performance is acceplable and analysis of actual samples can begin. If any individual X or 
%R falls outside the range for acsuracy, or any individual s exceeds the precision limit, then the system 
performance is unacceptable for that analyte and corrective action must be taken. 

The Analyst performing the analysis on the Cetac Mercury Analyzer need only perform one DOC (either 
the aqueous or the soil DOC) to demonstrate capability in the analysis. 

Comparison to Reference Melhod Data 

There is no stated reference method criteria for LCS, Duplicates, or MSMSD recoveries in EPA Methods 
7470A or 7471A. EPA Method 7000 does require the recovery of an independent check standard (ICV) 
to be within * 10% of the true value, and that the calibration check standard (CCV) be within * 20% of 
the true value. EPA Methods 7470A and 7471A require a blank and 5 standards for the calibration curve. 
EPA Methods 7470A and 7471). recommend that the standards be digested daily. The laboratory digests 
the calibration standards weekly. but digests the ICV, CCV, and Reagent Blank with every preparation 
batch. 

In-House Control Limits 

Method performance data is on file in the laboratory QC department. Comparison of method performance 
data for the laboratory to the reference method criteria occurs when laboratory in-house acceptance limits 
are generated. In-house generated data is compared to the specifications of the reference method. If the 
in-house limits are within the spt:cifications of the reference method, the control limits are updated in 
LIMS. If the in-house limits are not within specifications, an investigation is performed to determine the 
cause(s) of the problem and a corrective action is completed. The analysis may continue until enough 
data points are collected to regererate new control limits. Any QC data generated outside of reference 
method limits during that time frame, is flagged. 

The laboratory maintains perfonnance records to document the quality of data that is generated. Method 
accuracy for samples is assessed and records maintained. After the analysis of 20 laboratory control 
samples, calculate the average ptxcent recovery (R) and the standard deviation of the percent recovery 
(S). 

Control limits for the method paameters are generated by the QC staff and distributed to the analysts via 
updates to the LIMS control chats. The control limits are calculated based on in-house performance data. 
At a minimum, these limits are rzviewed annually. 
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17.0 Pollution Prevention 

17.1 The preparation of e::cessive volumes of laboratory reagents and standards shall be avoided 
so that waste and potential for pollution are minimized. Samples. reagents and standards shall 
be disposed in compliaoce with the laboratory waste disposal program, SOP 1 130. With the 
consent of the client, the samples may be returned to their origin for treatment. 

17.2 Uncontaminated pap:r waste, glass and cans should be separated for recycling. Laboratory 
staff are required to protect the laboratory's and our clients' business information when 
disposing of recycling or waste from the facility. 

18.0 Data Assessment and Criteria for Quality Control Measures 

The laboratory must maintain records to document the quality of data that is generated. Ongoing data 
quality checks are compared with established performance criteria to determine if the results of analyses 
meet the performance characteristics of the method. When results of QC samples indicate atypical method 
performance, a calibration verific:ation standard is used to c o n f m  the measurements were performed in 
an incontrol mode of operation. The data review is conducted according to SOP 1250 Data Review. 

Method Blank (MB) 

If the blank exceeds the RL (usuiilly the lowest calibration standard), the source of contamination must be 
investigated and corrective actiolis taken. 

Affected samples must be n~rocessed and reanalyzed or Data must be appropriately qualified i f  

1) The concentration of a tzrgeted analyte in the blank is at or above the reporting limit as 
established by the SOP ctr by regulation, ANI) is greater than 1/10 of the amount measured in any 
sample. 

2) The blank contaminatior otherwise affects the sample results as per the test method requirements 
or the individual project data quality objectives. 

Laboratory Corltrol Sample (L,CSJ 

The results of the'individual batch LCS are calculated in percent recovery (%R) and compared to 
established acceptance criteria (i3-house limits). LCS %R limits are 100 f 20% for both aqueous and soil 
san~ples. If the LCS is outside the acceptance criteria, the analytical system is "out of control". Any 
affected samples associated with an out of control LCS must be reprocessed and reanalyzed or the results 
reported with appropriate data q~~alifiers. 

Note: An LCS consisting of a media containing .known and verified concentrations, or a Certified 
Reference Material (CRlvl) may have limits different from the limits listed above. 
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Matrix Spikes 

The results from MS/MSI) are primarily designed to assess the precision and accuracy of analytical 
results in a given matrix and are expressed as percent recovery (%R) and relative percent difference 
(RF'D). See the STAT QAM, Section 5.4 for the calculation for RPD. Results are compared to 
established acceptance criteria (ill-house limits). For aqueous and soil samples, MSIMSD %R limits are 
100 * 25% and KPD limits are 20%. For matrix spike results outside established criteria corrective action 
must be documented, or the data for the spiked sample is reported with appropriate data qualifying codes. 

Note: If the original samlde result is sufficiently high (greater than four times the MSMSD spike 
level), then % R limits may not apply. 

Duplicates 

The results from laboratory Duplicates are designed to assess the precision of analytical results in a given 
matrix and are expressed as relat ve percent difference (RPD). See the STAT QAM, Section 5.4 for the 
calculation for RPD. Results are compared to established acceptance criteria (in-house limits). RPD 
limits are 20 %. For duplicates rzsults outside established criteria corrective action must be documented, 
or the data for the duplicate sample is reported with appropriate data qualifying codes. 

Post Digestion Spike 

The results from PDS are primarily designed to assess the accuracy of analytical results in a given matrix 
and are expressed as percent recovery (%R). For aqueous and soil samples, PDS %R limits are 100 * 
15%. For post digestion spike results outside established criteria corrective action must be documented, 
or the data for the spiked sample is reported with appropriate data qualifying codes. 

19.0 Corrective Actions for Out-of-Control Data 

The process for handling unacce?table and out of control data is found in SOP 230 Corrective Action. 

If the CCV, MB, LCSLCSD, MSJMSD, lab duplicate, PDS, or some other QC sample recovery of any 
parameter falls outside the desig~ated acceptance range, the laboratory performance for that parameter is 
judged to be out of control, and the problem must be immediately identified and corrected. The analytical 
result for that parameter in the samples is suspect and is only reported for regulatory compliance purposes 
with the appropriate corrective a;tion fonn. Immediate corrective action includes reanalyzing all affected 
samples by using any retained ssmple before the expiration of the holding time. Final data results must 
be qualified in the client report f)r reported results not meeting the laboratory defined criteria. 

1) Review standards preparation logbooks. Check all calculations and ensure dilution factors are 
properly recorded. 

2) Re-prepare the suspectell standard or QC sample to identify possible preparation errors of the 
standard or QC sample. 

3) Re-Analyze the samples when the CCV or LCS are not within acceptable limits. 
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4) Perform routine preventative maintenance following manufacturer's specification. Record all 
maintenance in the instrument logbook. 

20.0 Contingencies for llandling Out-of-Control or Unacceptable Data 

Every effort is made to prevent problems from occuning. When out of control or unacceptable data 
occurs the first option is to identify the problem and reanalyze the samples within the holding times. 
When this is not possible, the QA Manager and/or the Laboratory Director reviews data and discusses 
options with the client. Reanalys~s or reporting the data with qualification are alternatives. Out of control 
or unacceptable data reported to the client must include the data qualifier, flag and discussion on the 
rationale for reporting. 

Holding time exceedence, or improper preservation are noted on the corrective action form and included 
on the fmal report. 

20.1 The process for hand ing unacceptable and out of control data is found in the Laboratory 
QAM Section 1 1. The reporting of data that is out of control must be approved and 
documented by Quakty Assurance Manager and either the Technical Manager or the 
Laboratory Director. 

20.2 Client Requested Mcdifications: 

20.2.1 Clients rlust request modifications from the laboratory SOP in writing to the lab. 

20.2.2 The Labxatory Director, Technical Manager and Quality Assurance Manager , 

will evaluate the requested client deviations, determine the feasibly of the 
deviation and the potential effects on the data. 

20.2.3 If it is dctennined that the laboratory will perform the requested deviations, the 
Laboratory Director, Technical Manager and Quality Assurance Manager will 
decide if'a method validation study is required. 

20.2.4 'The designated project manager will retain all documentation concerning the 
requested deviation, including all correspondence with the client, in the client 
folder. 

20.2.5 The final analytical report must include the statement "This report has analyses 
performzd using client reqzlcsted modzfications ". 

21.0 Waste Managemeut 

The STAT Analysis Corporatior Waste Disposal SOP 1 130 identifies proper waste management practices 
for the chemicals and biological materials used in this procedure. Samples are stored and discarded in 
accordance with SOP 1 130 Was.e Disposal. 
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22.0 References 

SW 846 3d Ed~t~on, hIethod 7471A, Mercury in Solid or Semisolid Waste and 7470A Mercury 
in Liquid Waste. 
STAT SOPs [sample prep] 
STAT SOPs [support equipment, rccordkeeping, MDLs, etc] 
SOP 230 Corrective -4ctions 
SOP 10 10 Standard znd Reagent Preparation 
SOP 1400 LIMS 
SOP 1 130 Waste Disposal 
SOP 003 Chemical E ygiene Plan 
SOP 1 250 Data Revi :w 
Manufacturers' Equi ~ment Instruction Manuals 
SOP 1230 Tra~ning 
STAT Analysis Corporation Quahty Assurance Manua! 
NELAC Chapter 5 Quality Systems, Approved May 25,2001 
Guidance for the Premration of Standard Operating Procedures (G-6) EPA/240/B-01/004 
March 200 1 

23.0 Forms, Figures, Tables, Diagrams, Flowcharts, Attachments or 
Validation Data. 

23.1 Appendix A .'rep Logbook 
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Appendix A - Prep Logbook 

Mercury Prep LogBook (SOP# 4530) 

Matm W = Water. 5 = Soil. T = TCLP 
Tlme in Bath 

T ioutofeam 
Water Bath Temperatwe 

Thermometer ID 

Sulhrric Add 

Hydmd~knc Acid 
Nitric Add 
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