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QA Project Plan
Section I

SECTIONl

PROJECT DESCRIPTION

1.1 Introduction

The U.S. Army Corps of Engineers. Louisville District. has prepared this Quality Assurance
Project Plan (QAPP) for a limited Site Investigation (SI) of the Pentolite Area Waste Lagoons
(PAWL) site. The purpose of this limited Sight Investigation (SI) is to evaluate the potential for
contamination of the (PAWL) site due to past Department of Defense (DOD) activities. The
potential for contamination at the fonner PAWL site was identified in an Inventory Project
Request (INPR) (Huntington District U.S. Anny Corps of Engineers (USACE), 1998). The
References section of this document identifies the guidance documents and information used to
evaluate the site history and environmental media and locations most likely to be affected. Field
sampling and chemical laboratory analysis will be performed to evaluate the environmental
media in the potential source area Results of the laboratory analysis will be compared to risk
based. media specific screening criteria. USEPA Region 9 Preliminary Remediation Goals
(PRGs) will be used as the screening criteria.

The PAWL is being addressed by the DOD under the Defense Environmental Restoration
Program (DERP), Fonnerly Used Defense Sites (FUDS) program. An associated Field Sampling
Plan (FSP) and Data Quality Objectives (DQOs) document, dated May 1999, are attached to this
QAPP. A Site Specific Health and Safety Plan (SSHSP), date May 1999 is also associated with
this document. but is not attached.

1.2 PROW Installation History

Based on the Archives Search Report (USACE, 1993), the PBOW facility was established in
1941 and referred to as Plum Brook Ordnance Works (PBOW). The installation was established
for the purpose of manufacturing trinitrotoluene (TNT), dinitrotoluene (DNT). pentolite. and
rutric and sulfuric acids. Built by E.B. Badger and Sons Company. the facility was operated
under contract by the Trojan Powder Company. Production of explosives ceased two weeks ~er
V-J Day. having manufactured in excess of one billion pounds of explosives during the four-year
operating period.

By September 1945, the entire Ordnance Inspection Department was abolished.
Decontamination of TNT. acid. pentolite and DNT manufacturing lines was completed during
the last quarter of 1945. On 17 December 1945, the physical custody of the plant was transferred
from Trojan to the Ordnance Department. The U.S. Army Corps of Engineers assumed
responsibility for maintenance and custodial duties until September 1946 when the property was
transferred to the War Assets Administration (predecessor to the Government Services
Administration (GSA», after it was certified by the U.S. Army to be decontaminated. National
Aeronautical and Space Administration (NASA) acquired the PBOW in 1963 and is presently
using the site, now referred to as Plum Brook Station (PBS).

Site lnvestigalion
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The PBS site currently lies in an area that is primarily rural and agricultural with a low
population density. The NASA Glenn Research Center occupies a majority of the fonner
ordnance works. The Department of the Anny maintains a reserve center on the westernmost
portion of the facility. The remainder of the former installation is in private ownership with the
vast majority being cultivated. A tract on the northern boundary is owned by the Perkins Board
of Education and is utilized as a bus maintenance facility

1.3 PAWL Site Description

1.3.1 General

The PAWL site is located within the northern portion of the fonner Plum Brook Ordnance
Works (PBOW) facility in Erie County, Ohio (see Figures lA and IB). The fonner PBOW
facility encompasses much of Perkins and Oxford townships approximately four miles south of
Sandusky, Ohio.

The former PAWL includes approximately 1.3 acres within the currently existing Plum Brook
Reactor Facility (PBRF) as shown on the Boring Location Plan (Figure 2). The PAWL are not
currently detectable and the area is grass covered and relatively flat. This area is located just
south of the PBRF Hot Laboratory and surrounded by an 8-foot tall chain-link fence. The
distance from the PAWL to the nearest residence is approximately 3.4 of a mile.

1.3.2 PAWL, Site Specific Operational History

Based on the PBS Preliminary Assessment (PA) (Science Applications International Corporation
Report (SAlC), 1991), the first stage oflhe pcntolite manufacntring process involved the
nitration of pentaerythritol (PE) by adding nitric acid and water. Pentaerytbritol tetranitrate
(PETN) was an end product of this process, along with wastewater containing 5% nitric acid.
Then, the PETN was treated with water, acetone, and ammonium bicarbonate to dissolve and
neutralize the free acid present. Mixing equal parts of PETN and TNT produced pentolite. This
step also involved the addition of acetone and water. The stoichiometric relationship of the
pentolite manufacturing process is as follows:

• PE + HN03 + H20 ~ PETN + wastewater (nitric acid as 5%)

• PETN + acetone + ammonia bicarbonate + H20 ~ preliminary filtered neutralized
PETN + wastewater

• (TNT + acetone) + (PETN + H20) ~ pentolite + wastewater

The wastewater from the pentolite manufacturing process potentially contained explosives,
metals and acetone.. Wastewater from each stage of the manufacturing process was conveyed to
two settling basins or the PAWL via vitreous sewer pipes. A wastewater ditch (15 inch channel
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pipe) encircled the entire perimeter of the lagoons. Wastewater from the first two pentolite lines,
along with wastewater from the acetone recovery house, entered the lagoon at the west inlet to
the wastewater ditch. Wastewater from the third pentolite line entered the lagoon at the east inlet
to the wastewater ditch. Once inside the ditch, the flow of the wastewater was north to south.
Three invens, located at the north and south ends of the lagoons, fed the wastewater into two
timber rising wells filled with limestone. These limestone beds were apparently filters and
extended 35 ft. into the lagoons. It appears that the remainder of the basins further settled the
wastewater until it eventually passed over the outlet weir and was pumped to a secondary
treatment facility. Specific wastewater details, treatment processes, and sludge disposal methods
are not known.

The PAWL were conslructed of pre-cast concrete blocks (15 ft. by 9 f1. by 4 in. thick) with
asphalt expansion joints, and each lagoon measured approximately 112 ft. by 137 ft. Four to six
inches of No.4 gravel had underlain the PAWL. Details of the Plans and Sections of the PAWL
are shown on Figures 3A and 3B (attached).

Based on the Site Inspection Report (Morrison Knudsen, 1994), the Pentolite Area was
decommissioned in 1945 when ordnance manufacturing ended, and all of the buildings in the
area were supposed to be removed or burned in place according to the decontamination
procedures. Decontamination of pentolite manufacturing lines was halted during the last quaner
of 1945; and it was estimated that 65 % of the necessary decontamination of PBOW was
completed by December 1945. The "Shut Down and Decontamination Procedures for PBOW,
Sandusky, OH," (Dykema and Lee 1944) states that the stand by and storage procedure for the
pentolite settling basin would have consisted of the following:

Drain and flush limestone bed and basin proper with a high-pressure hose.
Remove limestone while it is completely wet and flush basin thoroughly after removaL
Inspect basin thoroughly for evidence of accumulated explosives.

Based on the Records Reviews Report (Dames & Moore, 1997), there is no infonnation
regarding decontamination of surrounding soils in the Pentolite Area. Furthennore, the
decontamination procedures do not mention the removal of the concrete slabs of the PAWL. An
aerial photograph from 1956 shows that the lagoons were still intact. However, this aerial photo
indicates that the vitreous sewer pipes leading to the lagoons were removed. From the
decontamination procedures, it is assumed that these lines were flushed with water and then
cleaned with acetone.

According to SAle, the PAWL remained essentially intact until 5 July 1956 when approximately
500 acres (including the Pentolite Area and PAWL) was leased by the NASA from the
Department of the Anny to conslruct and operate the Plum Brook Reactor Facility. The reactor
was planned to be a scientific investigation reactor where the effects of radiation on various
marerials could be measured. The entire Pentolire Area was filled and graded to facilitate
construction of the PBRF. According to Dames and Moore, a memo by Everett and Campbell in
1958 states that the :'Pentolite Area of approximately 117.3 acres was decontaminated,
demolished, and cleared for use as the Lewis Laboratory Reactor Facility". A 1959 historic
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topographic quadrangle reveals the PBRF with no evidence of the PAWL.

1.3.3 Facility/Size and Border

The PBOW is located near Sandusk)' within Erie County, Ohio (Figures IA and IB ). The waste
lagoons were located within the northern portion ofPBOW, specifically, within the Pentolite
Area, north of Pentolite Road and south of the present Plum Brook Reactor Facility (PBRF). The
Layout of the PAWL is given on the Boring Location Plan (Figure 2).

The fonner PAWL includes approximately 1.3 acres within the currently existing PBRF. The
PAWI. are not curremly detectable and the area is grass covered and relatively flat. This area is
located just south of the PBRF Hot Laboratory and surrounded by an 8-foot tall chain-link fence.

The former PAWI. area is bordered to the north by the PBRF, to the south by Pentolite Road and
by access roads to the east and west.

1.3.4 Climate

The climate for Erie County is continental with cold and cloudy winters and warm and humid
summers. The county's first freezing temperature is typically in October, and its last freezing
temperature is typically in April. Average annual precipitation for Sandusky from 1961 to 1990
was 34.05 inches. Within that time period February had the lowest mean monthly rainfall
average with 1.65 inches, whereas July had a high of 3.70 inches. The weather changes every
few days as cold fronts move through the region. Wind is from the southwest 55 percent of the
time (Morrison Knudsen 1994, Dames & Moore 1997).

1.3.5 Topography

According to historic plans obtained from the PBS Preliminary Assessment (PA) (Science
Applications International Corporation Report (SAle), 1991), the surface elevation of the waste
lagoons was 626.15 feet ms!. The perimeter of the waste lagoon angled at a slope of about 2: 1 to
a bonom elevation of 620.5 msl. The surface of the area that presently occupies the former
PAWL is relatively flat and at aboUl630 feet above mean sea level (msl). Based on review of
historic topographic quadrangles (USGS, 1959. 1969 and 1979), the surface elevation in the
former PBOW has not changed significantly since 1959.

1.3.6 Geology

Based on the Site Wide Ground Study (IT Corporation, 1997-1998), three fonnations, all of the
Devonian Age, underlie the fonner PBOW site. The Delaware Limestone is the lowennos[
formation. It is characterized as a hard, dense, finely crystalline limestone and dolomite.
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Dissolution of this unit has been described which has produced solution channels along bedding
planes and joints, and even producing caverns in some areas. The unit is typically buff colored
and usually described as fossiliferous. In the vicinity of PBOW, benzene, toluene, ethyl benzene,
and xylene (BTEX) and hydrogen sulfide are common in area quarries. Overlying the Delaware
LimeslOne is the Olentangy Formation. Two members of the Olentangy Formation have been
characterized at the PBOW site, the Plumbrook Shale and the overlying Prout Limestone. The
Plum Brook Shale is interpreted to consist of approximately 35 feet of bluish-gray, soft,
fossiliferous shale containing thin layers of dark, hard, fossiliferous limestone. The Prout
Limestone has been interpreted to be a unit approximately 15 feet thick which outcrops
occasionally in a 1,000 to 2,000 foot-wide, northeast striking band across the middle ponion of
the PBOW. It has been described as a dark-gray to blue, very hard, silicious, fossiliferous
limestone or dolomitic mudstone. The uppermost fonnation at the PBOW site is the Ohio Shale.
Only one member of the Ohio Shale is present in the PBOW area- the Huron Shale. This unit
has been described as black, thinly bedded, with pyrite and abundant carbonaceous matter with
some large pyrite/carbonate concretions up to 6 feet in diameter.

The bedrock overburden in Erie County is predominantly glacial till, glacial outwash or glacial
lacustrine (lake) deposits. In the vicinity of PBOW, the soil has been interpreted to be lacustrine.
In many areas, the overburden also consists of highly weathered bedrock. The thickness of the

overburden ranges from approximately 5 feet or less for most of PBOW to greater than 25 feet.
The overburden is thickest on the northern ponion of the site.

A subsurface boring record (Dames and Moore, 1997), located abom 1,4 mile east of the PAWL
site, indicated a subsurface profile consisting of an upper layer of brown fine sand extending
from the ground surface to a depth of approximately 6 ft bgs. Based on the review of historical
grading plans, this upper layer may be fill material associated with the construction of the PBRF.
This fill may be over the PAWL site based on the historic grading plans reviewed. The presence
of this fill is further indicated by review of the United States Department of Agriculture (USDA)
Soil Conservation Service, Soil Survey of Erie county dated 1971. This upper layer is generally
underlain by a layer consisting of silly clay and clayey silt soils extending to limestone bedrock.
Shale fragments were encountered in the overburden soils from 14 feet to 24 feet bgs.
Limestone bedrock was encountered at a depth of about 24 ft. bgs.

1.3.7 Hydrogeology

Based on the Site Wide Groundwater Study (IT Corporation 1997-1998), potable groundwater is
encountered in the bedrock units underlying the PBOW site. Generally this groundwater flows
northward toward lake Erie. Based on published hydrogeologic infonnation (Groundwater
Resources of Erie County, 1986), the PBOW site includes 3 distinct hydrogeologic regions.
Groundwater yields from these regions range from limited, to the northeast and south, (0 more
than 500 gallons per minute (gpm), to the northwest.

It is anticipated that groundwater in the overburden soils beneath the PAWL site would be
perched or trapped water. Perched water occurs in irregular, discontinuous granular zones within
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the soil overburden. Perched water sources contain widely varying quantities of water depending
on recent precipitation and other site·specific factors. Based on the soil types expected,
overburden groundwater quantities should be minimaL

Based on the aforementioned hydrogeologic information, the PAWL site is in a hydrogeologic
region that reports yields of 15 gpm, or less from wells drilled into the limestone. Hydrogen
sulfide may be present in varying amounts.

1.4 Past Data Collection Activities and Current Status

No previous investigations have been performed at the waste lagoons. However, an
Underground Storage Tank Corrective Actions Remedial Investigation, Feasibility Study, Phase I
Report (Ebasco Environmental, 1991) was performed in the vicinity of the lagoons. Six
monitoring wells were installed, and groundwater and soil samples were collected. Four VOCs
were detected in the soil samples.

Based on reports and documents reviewed for the site, and a current assessment of all available
information, the following target compounds and source area release mechanisms have been
targeted for funher investigation. Formal Data Quality Objectives (DQOs) for this SI were
evaluated and documented in an associated attached document dated May 1999.

Based on historical operations at the PAWL, the COC that were pOlentially released to the
environment include explosives, acetone, and metals. Therefore, samples will be analyzed for
explosives, TAL metals, and VOCs. In addition, TOlal Organic Carbon (TOC) analysis, pH, and
sieve and/or plasticity testing will be performed on selected samples in order to assess the soil
characteristics at the site.

Based on historical construction drawings, the elevation at the bottom corners of the waste
lagoons was about 620.5 ft. IDSl. The elevation of the top of the lagoons was about 626 ft msl.
The ground surface in this area is presently at about 630 ft. IDSl.

The bonom of the waste lagoons consisted of a 4-inch thick concrete pad with 4 to 6 inches of
gravel subbase. It is believed that the PAWL were removed during construction of the PBRF;
however, there is a potential that the PAWL are still intact and fill material was simply placed
over the lagoons during construction of the PBRF. Also, affected soils may have been
redistributed to any elevation, including the ground surface, during these grading operations.

Based on the nature of the COC and expected grading operations associated with the
decommissioning of the waste lagoons and construction of the PBRF, affected media, if present,
would most likely be encountered within or just below the fill placed to achieve present grades.

1.5 Project Objectives
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The purpose of this investigation is to gather sufficient infonnation to evaluate the potential for
environmental contamination at the site.

• Evaluate the existence of contamination in previously identified on-site, source area.
Data quality must be sufficient to be able to compare with USEPA Region 9 health
based criteria (Preliminary Remediation Goals (PRGs)).

• Collect sufficient data on potentially contaminated media to support a
recommendation for further study, interim action, or coordinate with the OEPA to
proceed toward a No Further Action (NFA) closure of the site.

The investigation will integrate existing data with information that will be gathered through
direct field investigations. The field investigation will include surface soil and subsurface soil
sampling within the expected source area. Samples will be analyzed for volatile organics,
explosives and Target Anal}1e List (TAL) metals. A limited number of samples will also be
analyzed for Atterburg limits, percent moisture, grain size distribution, and total organic carbon
(TOC) to detennine soil physical parameters and their effect on contamination migration. Data
from the investigation will be evaluated in conjunction with existing data to determine the next
course of action. The rationale and scope of future activities will be discussed with and approved
by the Ohio EPA prior to implementation.

If SI data suggests that site characterization infonnation indicates that no further action is
required at the site, activities will be generated with the OEPA to proceed toward a NFA
Decision Document. If, on the other hand, the SI data shows a need for further investigation or
other action, work plans for the next action will be prepared and submitted to OEPA.

1.5.1 Specific Objectives and Associated Tasks

For this project. it will be necessary to gather sufficient infonnation to evaluate the existence of
contamination due to potential releases from the PAWL. Some field monitoring will be utilized
for purposes of screening for contaminates and for worker health safety. Field monitoring
includes PID, TNT and Radionuclides.

In order to assess the presence or absence of hazardous constituents at the PAWL site, soil
samples will be field screened during this 51 for likely contaminants of concern, including
volatile organics and TNT. In addition, chemical laboratory analysis for vacs, explosives and
TAL metals. A limited number of samples may also be analyzed for other soil characteristics.
This information will be used to compare results to appropriate screening levels. The field
monitoring requirements are detailed in the attached F5P.

1.5.2 Project Target Parameters and Intended Data Usages

The list of target parameters for this project includes VOCs, TAL metals and explosives. The
data shall be compared to the USEPA Region 9 PRGs.

Sile Investiption
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1.5.3 Quality Objectives and Criteria for Measurement Data

DQOs are qualitative and quantitative statements derived from outputs of each step of the DQO
process that:

• Clarify the study objective;
• Define the most appropriate type of data to collect;
• Determine the most appropriate conditions from which to collect the data

The DQOs are then used to develop a scientific and resource-effective sampling design.

The DQO process allows decision-makers to define their data requirements and acceptable levels
of decision during planning before any data are collected. DQOs are based on the seven step
process described in EPA QAlG-4 (Septetuber 1994) document. The DQO process for this site is
formally documented and attached to this QAPP.

1.6 Sample Network Desi2l1 and Rationale

1.6.1 Sample Network by Task and Matrix

Sample matrices, analytical parameters and frequencies of sample collection can be found in the
attached Field Sampling Plan.

1.6.2 Site Maps of Sampling Locations

The site location plan and proposed sampling locations are shown on Figures lA, IB and 2. It is
possible, however, that depending on the nature of encountered field conditions some of these
locations will be changed. The Site Field Manager, whose responsibilities are described in
Section 2 of this QAPP, will be responsible for making such decisions.

1.6.3 Rationale of Selected Sampling Locations

The attached FSP and DQOs describe the rationale used to select sampling locations and depths.
In general, sampling will be performed at locations most likely to contain the highest level of

contaminates, that is, within and below the fonner lagoons.

1.7 Projecl Schedule

The earliest dale for which sampling activities are planned is June 1999.
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SECTION 2

PROJECT ORGANIZATION AND RESPONSffiILITY

This work is being performed by the United States Army Cotps of Engineers (USACE) as part of
the Defense Environmental Restoration Program (DERP)/ Formally Used Defense Sites (FUDS).
The primary responsibility for the project lies with the Huntington District (CELRH) that acts as
the administrator of the funds and peIfonns the overall management functions. CELRH has
tasked the Louisville District (CELRL) to execute the design. fieldwork and technical reporting.
Several institutions and individuals will coordinate efforts to cany on the project. Their names
and functions are listed below.

Industrial Hygienist:
Project Engineer:
Safety QC:
Risk Assessor:
Hydrogeologist:
QA Chemist:
Independent Technical Review:
Project Manager:

2.1 Project Organization

Shelton Poole, CELRL-ED-EB
Chris Karem, CELRL-ED-EE
Shirley Dunn, CELRL-SO
David Braceato, CELRL-ED-EE
Martin Wahking, CELRL-ED-EB
Samir Mansy, CELRL-ED-EB
Doug Meadors, CELRL-ED-EE
Rick Meadows, CELRH-DL-M

The lines of authority for this specific project are outlined below:

Shelton M. Poole, CHMM, RPIH Health and Safety Manager (HSM)

Mr. Poole has the responsibility for ensuring that the provisions of the Health and Safety Plan
(HASP) are adequate and implemented in the field. Changing field conditions may require
decisions to be made concerning the adequacy of the protection programs. Mr. Poole is well
experienced and meets the additional training requirements specified by OSHA in 29 CFR
1910.120. The HSM is also responsible for conducting site inspections on a regular basis in
order to ensure the effectiveness of the HASP.

Shirley Dunn Health and Safety Manager QC and Alternate

Ms. Dunn is well experienced and had the additional training requirements specified by OSHA in
29CFRI91O.l20. She will serve as the QC reviewer and alternative to Me. Poole.

David Brancato, Ph.D., RPIH Risk Assessor

Dr. Brancato is well experienced in Risk Assessment methodologies.

Samir A. Mansy, Ph.D.
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Dr. Mansy served as the Chief of the Quality Assurance Section at Great Lakes and Ohio River
Division Laboratory, Cincinnati, Ohio. He is currently lhe Data Qualiry Assurance Manager in
Louisville District, Environmental Engineering Branch. He is experienced in data review,
validation, and troubleshooting. Dr. Mansy provides an independent review of the analytical data
based on SW846 and National Functional Guidelines.

2.2 Mana2ement Responsibilities

Sire Investigation Project Manager

The Project Manager, Rick Meadows, Huntington District, has the overall responsibiliry for all
phases of the PBOW projects.

Site Manager

The Project Engineer serves as the Site Manager. He is responsible for implementing the project,
and has the authority to commit the resources necessary to meet project objectives and
requirements. The Site Manager's primary function is to ensure the successful achievement of
technical, financial, and scheduling objectives. The Site Manager will:

a Define project objectives and develop a detailed work plan schedule;

a Establish project policy and procedures to address the specific needs of the project as a
whole, as well as the objectives of each task;

a Acquire and apply technical and corporate resources as needed to ensure performance
within budget and schedule constraints;

a Orient all field leaders and support staff concerning the project's special considerations;

a Monitor and direct the field team;

a Review the work performed on each task to ensure its quality. responsiveness and
timeliness;

o Approve all repons (deliverables) before their submission to Ohio EPA;

o Ultimately be responsible for the preparation and qualiry of interim and final reports

The Project Engineer also acts as the contractor project manager and has overall responsibility
for ensuring that the project meets the Corps of Engineers' objectives and quality standards. The
Project Engineer/Scientist will provide assistance in writing and distributing the QAPP to all
tbose parties conn~ted with the project including the laboratory. Quanterra Environmental
Services. The Project Engineer/Scientist is responsible for the technical quality control and
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project oversight.

2.3 Quality Assurance (QAl responsibilities

Chemical QA Manager

The chemical QA Manager will remain independent of direct job involvement and day-to~day

operations, and have direct access to corporate executive staff as necessary, to resolve any QA
dispute. Dr. Mansy is responsible for auditing the implementation of the QA program in
confonnance with the demands of specific investigations, U.S. Anny Corps of Engineers, and
Ohio EPA requirements. Specific functions and duties include;

o Rev.iewing and approving of QA plans and procedures;

o Providing QA technical assistance to project staff;

o Reponing on the adequacy, status, and effectiveness of the QA program on a regular basis
to the Project Engineer.

o Data validation including tentatively identified compounds;

o Review and approval of field and laboratory procedures.

o Performance and system Audits of the Laboratory.

All samples will be analyzed by Quanterra Environmental Services, Nonh Canton, Ohio, with
the exception of Atterburg Limits and grain size analysis, which will be subcontracted to an
approved laboratory. Data validation will be done by Roy F. Weston, Inc., Miamisburg, Ohio.
Validation will be conducted randomly on 10% of the sample results.

2.4 Field Responsibilities

USACE Field Leader

The Project Engineer will act as the field team leader. He is responsible for leading and
coordinating the day-to-day activities of the various resource specialists under his supervision.
The USACE field team leader is an environmental professional and will repon directly to the
Project Manager. Specific field~team leader responsibilities include:

o Provision of day~to-daycoordination with the Project Manager on technical issues in
specific areas of expertise;

o Developing and implementing of field-related work plans, assurance of schedule
compliance, and adherence to management-developed study requirements;

o Coordinating and managing of field staff including sampling, drilling, and supervising
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field laboratory staff;

o Acting as field sample custodian;

o Implementing of QC for technical data provided by the field staff including field
measurement data;

o Adhering to work schedules provided by the Project Manager;

o Authoring, writing, and approving of text and graphics required for field team efforts;

o Coordinating and overseeing of technical efforts of subcontractors assisting the field
team;

o Identifying problems at the field team level, resolving difficulties in consultation with the
Project Manager. implementing and documenting corrective action procedures, and
provision of communication between team and upper management; and

o Participating in preparation of the final report.

USACE Field Technical Staff

The technical staff for this project will be drawn from USACE pool of Louisville District,
Environmental Engineering Branch resources. The technical team staff will be utilized to gather
and analyze data, and to prepare various task reports and suppon materials. All of the designated
technical team members are experienced professionals who possess the degree of specialization
and technical competence required to effectively and efficiently perfonn the required work.

2.5 Laboratory Responsibilities

Quanterra Laboratory Project Manager

The Quanaterra Project Manager. Debora Hula, will report directly to the USACE Quality
Assurance Manager, Dr. Santir Mansy. and will be responsible for the following;

o Ensuring all resources of the laboratory are available on an as-required basis;

o Providing overview of final analytical repons; and

a Approving final analytical reports prior to submission to Louisville District.

Quanterra Operations Manager

The Quanterra Operation Manager will report to the Quanterra Project Manager and will be
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responsible for:

o Coordinating laboratory analyses;

o Supervising in-house chain-of-custody;

o Scheduling sample analyses;

o Overseeing data review; and

o Overseeing preparation of analytical repoItS.

Quanterra Quality Assurance Officer

Ms. Opal Davis-Johnson is the Quanterra QA Officer, and has the overall responsibility for data
after it leaves the laboratory. The Quanterra QA Officer will be independent of the laboratory but
will communicate data issues through the Quanterra Project Manager. In addition, the Quanterra
QA Officer will:

o Overview laboratory quality assurance;

o Overview QA/QC documentation;

o Conduct random audits of detailed data;

o Detennine whether to implement laboratory corrective actions, if required;

o Define appropriate laboratory QA procedures;

o Prepare laboratory Standard Operating Procedures; and

o Sign the title page of the QAPP.

Quanterra Sample Custodian

The Quanterra sample custodian, Lois Ezzo, will report to the Quanterra Operations Manager,
Ms. Debora Hula, and to the Laboratory Supervisor. Responsibilities of the sample custodian
will include:

o Receiving and inspecting the incoming sample containers;

o Recording the condition of the incoming sample containers;

o Signing appropriate documents;
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o Verifying chain-of-custody and iLS correctness;

o Notifying laboratory manager and laboratory supervisor of sample receipt and inspection;

o Assigning a unique identification number and customer number, and entering each into
the sample receiving log;

o With the help of the laboratory manager, initiating transfer of the samples to appropriate
lab sections; and

o Controlling and monitoring access/storage of samples and extracLS.

Final responsibility for project quality rests with USACE Project Manager. Independent quality
assurance will be provided by the Quanterra Project Manager and QA Officer prior to release of
all data to the USACE Project Engineer/Scientist.

Quanterr. Technical Staff

The Quanterra technical staff will be responsible for sample analysis and identification of
corrective actions. The staff will repon directly to the Quanterra Operations Manager. The
technical staff have signed Ethics Agreements which state: they will abide by the high standards
of integrity; they shall report actual data; and they will report to the officials of any accidental or
intentional non-authentic data. Copies of the agreemenLS are included in Appendix A.
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SECTION 3

QUALITY ASSURANCE OBJECfIVES FOR MEASUREMENT DATA

The overall QA objective for this project is to develop and implement procedures for field
sampling, chain-of-custody, laboratory analysis, and reponing that will provide results that are
legally defensible in a court of law. Specific procedures for sampling, chain-or-custody,
laboratory instrument calibration, laboratory analysis, reporting of data, internal quality control,
audits, preventative maintenance of field equipment, and corrective action are described in other
sections of this QAPP.

3. I Precision

3.1.1 Definition

Precision is a measure of the degree to which two or more measurements are in agreement.

3.1.2 Field Precision Objectives

Field precision is assessed through the collection and measurement of field duplicates at a rate of
I duplicate per JO analytical samples.

3.1.3 Laboratory Precision Objectives

Precision in the laboratory is assessed through the calculation of relative percent difference
(RPD) and relative standard deviations (RSD) for three or more samples. The equations to be
used for precision in this project can be found in section 12 of this QAPP. Precision control
limits are included in the provided SOPs.

3.2 Accuracy

3.2.1 Defmition

Accuracy is the degree of agreement between an observed value and an accepted reference value.

3.2.2 Field Accuracy Objectives

Accuracy in the field is assessed through the use of field and trip blanks and through the
adherence to all sample handling, preservation and holding times.

3.2.3 Laboratory Accuracy Objectives

Laboratory accuracy is assessed through the analysis of matrix spikes (MS) or standard reference
materials (SRM) and the detennination of percent recoveries. The equation to be used for
accuracy in this project can be found in section 12 of this QAPP. Accuracy control limits are
included in the provided SOPs.
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3.3 Completeness

3.3.1 Defmition

Completeness is a measure of the amount of valid data obtained from a measurement system
compared to the amount that was expected to be obtained under normal conditions.

3.3.2 Field Completeness Objectives

Field completeness is a measure of the amount of valid measurements obtained from all the
measurements taken in the project.

3.3.3 Laboratory Completeness Objectives

Laboratory completeness is a measure of the amount of valid measurements obtained from all the
measurements taken in the project. The equation for completeness is presented in section 12 of
this QAPP. Laboratory completeness for this project will be greater than 95 percent.

3.4 Representativeness

3.4.1 Definition

Representativeness expresses the degree to which data accurately and precisely represent a
characteristic of a population, parameter variations at a sampling point, a process condition, or an
environmental condition.

3.4.2 Measures to Ensure Representativeness of Field Data

Representativeness is dependent upon the proper design of the sampling program and will be
satisfied by ensuring that the FSP is followed and that proper sampling techniques are used.

3.4.3 Measures to Ensure Representativeness of Laboratory Data

Representativeness in the laboralOry is ensured by using the proper analytical procedures.
meeting sample-holding times and analyzing and assessing field duplicated samples. The
sampling network is designed to provide data representative of facility conditions. During
development of this network, consideration is given to past waste disposal practices, existing
analytical data, physical setting and processes, and constraints inherent to the FUDS program.
The rationale of the sampling network is discussed in detail in the FSP.

3.5 Comparability

3.5.1 Definition
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Comparability is an expression of the confidence with which one data set can be compared with
another. Comparability is also dependent on similar QA objectives.

3.5.2 Measures to Ensure Comparability of Field Data

Comparabiliry is dependent upon the proper design of the sampling program and will be satisfied
by ensuring that the FSP is followed and that proper sampling techniques are used.

3.5.3 Measures to Ensure Comparability of Laboratory Data

Planned analytical data will be comparable when similar sampling and analytical methods are
used and documented in the QAPP. Comparability is also dependent on similar QA objectives.

3.6 Level of Quality Control Effort

Field blank, trip blank, method blank, duplicate, standard reference materials (SRM) and matrix
spike samples will be analyzed to assess the quality of the data resulting from the field sampling
and analytical programs.

Field and trip blanks consisting of distilled water will be submitted to the analytical laboratories
to provide the means to assess the quality of the data resulting from the field sampling program.
Field blank samples are analyzed to check for procedural contamination at the facility. which
may cause samples contamination. Trip blanks are used to assess the potential for contamination
of samples due to contamination migration during sample shipping and storage. Trip blanks
generally pertain to volatile organic samples only. Trip blanks prepared prior to the sampling
event in the actual sample containers and are kept with the investigative samples throughout the
sampling event. They are then packaged for shipment with other samples and sent for analysis.
There should be one trip blank included in each sampleMshipping container. At no time after their
preparation are the sample containers opened before they reach the laboratory.

Method blank samples are generated within the laboratory and used to assess contamination
resulting from laboratory procedures. Duplicate samples are analyzed to check for sampling and
analytical reproducibility. Matrix spikes provide information about the effect of sample matrix
on the digestion and measurement methodology. All matrix spikes are performed in duplicate
and are hereinafter referred to as MSIMSD samples. One matrix spike/matrix spike duplicate
will be collected for every 20 or fewer investigative samples. MSIMSD samples are designated!
collected for organic analyses only.

MSIMSD samples are investigative samples. Soil MSIMSD samples require no extra volume for
VOCs or extractable organics. However, aqueous MSIMSD samples must be collected at triple
the volume for VOCs and double the volume for extractable organics. One MSIMSD sample
will be collected/designated for every 20 or fewer investigative samples per sample matrix (i.e.,
groundwater, soil).

The general level of the QC effort will be one field duplicate and one field blank for every 10 or

Sile Invenigation
Plum Broot Or<ln:lnce WOl'U

17 July 2000



QA Project Plan
Section 3

fewer investigative samples. One volatile organic analysis (VOA) trip blank consisting of
distilled deionized ultra pure water will be included along with each shipment of aqueous VOA
samples.

The number of duplicate and field blank samples to be collected is listed in the Field Sampling
Plan. Sampling procedures are also specified in the Field Sampling Plan.
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SECTION 4

SAMPLING PROCEDURES

The sampling procedures to be used in this site investigation will be consistent for the purpose of
this project. The attached Field Sampling Plan outlines all the sampling procedure information.
Please refer to the FSP for the following infonnation:

I.

2.

3.

a.
b.
c.
d.

4.

5.

6.

a.
b.
c.

7.

a.

•
•
8.

9.

Summary of Sampling Activity

Sampling Network Design and Rationale

Sampling Custody Procedure

Sample Identification Procedure
Initiation of Field Custody Procedure
Field Activity Documentation I Logbook
Sample Shipment and Transfer of Custody

Sample Containers, Sample Preservation, and Maximum holding time.

Sample handling, Packaging and shipment

Decontamination Procedures

Personnel and Equipment
Sample Bottles
Sampling Devices

Sampling Equipment and Procedures

Soil Sampling Procedures

Sampling Devices
Sampling Procedures

QC Sample Procedures

Field Blank Sample Collection

Field Duplicate Sample Collection

11. Matrix Spike I Matrix Spike Duplicate Sample Collection

12. Trip Blank Sample Preparation
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13. Field Measurement I Screening

14. Preventative Maintenance Procedure I Schedule

15. Storage and Disposal of Investigative Derived Waste (IDW)
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SECTIONS

CUSTODY PROCEDURES

Custody is a vital factor necessary for the admissibility of environmental data as evidence in a
court of law. Custody procedures help to satisfy the two major requirements for admissibility:
relevance and authenticity. Sample custody is addressed in three parts: field sample collection,
laboratory analysis, and final evidence files. Final evidence files, including all originals of
laboratory reports and purge files, are maintained under document control in a secure area.

A sample or evidence file is under your custody if:

•

•

•

•

S.l

the item is in actual possession of a person; or

the item is in the view of the person after being in actual possession of the person; or

the item was in actual physical possession but is locked up to prevent tampering; or

the item is in a designated and identified secure area.

Field Custody Procedures

Field logbooks will provide the means of recording data collecting activities perfonned. As
such, entries will be described in as much detail as possible so that persons going to the facility
could reconstruct a particular situation without reliance on memory.

Field logbooks will be bound, field survey books or notebooks. Logbooks will be assigned to
field personnel, but will be stored in the document control center when not in use. Each logbook
will be identified by the project-specific document number.

Entries into the logbook will contain a variety of infonnation. At the beginning of each entry, the
date, start time, weather, names of all sampling team members present, level of personal
protection being used. and the signature of the person making the entry will be entered. The
names of visitors to the site. field sampling or investigation tearn personnel. and the purpose of
their visit will also be recorded in the field logbook.

Measurements made and samples collected will be recorded. All entries will be made in ink.
signed, and dated and no erasures will be made. If an incorrect entry is made, the infonnation
will be crossed out with a single strike mark which is signed and dated by the sampler.
Whenever a sample is collected, or a measurement is made, a detailed description of the location
of the station which includes compass and distance measurements, shall be recorded. The
number of photographs taken of the station will also be noted. All equipment used to make
measurements will be identified, along with the date of calibration.

The sample packaging and shipment procedures summarized below will ensure that the samples
will arrive at the laboratory with dle chain of custody intact.
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a) The field sampler is personally responsible for the care and custody of the samples until
they are transferred or properly dispatched. As FEW people as possible should handle the
samples.

b) All bottles will be identified by use of sample rags with sample numbers, sampling
locations, date / time of collection, and type of analysis.

c) Sample tags are to be completed for each sample using waterproof ink unless inhibited by
weather conditions. For example, a logbook notation would explain that a pencil was used to fill
out the sample tag because the ballpoint pen would not function in freezing weather.

d) Samples are accompanied by a properly completed chain of custody form. The sample
numbers and locations will be listed on the chain of custody fonn. When transferring the
possession of samples, the individuals relinquishing and receiving will sign, date, and note the
time on the record. This record documents transfer of custody of samples from the sampler to
another person, to a mobile laboratory, to the pennanentlaboratory, or to/from a secure storage
area.

e) Samples will be properly packaged on ice at4 °C for shipment and dispatched [Q the
appropriate laboratory for analysis, with a separate signed custody record enclosed in and secured
to the inside top of each sample box or cooler. Shipping containers will be locked and secured
with strapping tape and cuS[ody seals for shipment to the laboratory. The preferred procedure
includes use of a custody seal auached to the front right and back left of the cooler. The custody
seals are covered with clear plastic tape. The cooler is strapped shut with strapping tape in at
least two locations.

f) All shipments will be accompanied by the Chain of Custody Record identifying the
contents. The cooler number will be entered on the Chain of Custody record. The original record
will accompany the shipment, and a copy will be retained by the sampler for returning to the
sampling office.

g) If the samples are sent by common carrier, a bill of Jading should be used. Receipts of
bills of lading will be retained as part of the pennanent documentation. If sent by mail, the
package will be registered with return receipt requested. Commercial carriers are not required to
sign off on the custody form as long as the custody fonus are sealed inside the sample cooler and
the custody seals remain intact.

h) Samples will be transponed ro the laboratory the same day the samples are collected in
the field by overnight carrier.

5.2 Laboratorv Custodv Procedures
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Laboratory custody procedures for sample receiving and log-in; sample storing and numbering;
tracking during sample preparation and analysis; and storage of data are described in the
Quanterra procedures in Appendix B. Examples of laboratory chain of custody lIaffic reports
along with instructions for completion are included in the Appendix.

The chain of custody procedures for samples shipped to the CRL are described in Quanterra
Standard Operating Procedures (SOP).

5.3 Final Evidence Files

The final evidence file will be the central repository for all documents that constitute evidence
relevant to sampling and analysis activities as described in this QAPP. The Project Engineer is
the custodian of the evidence file and maintains the contents of evidence files for the site,
including aU relevant records, reports, logs, field notebooks, pictures, subcontractor reports and
data reviews in a secured, limited access area and under custody of the Site Manager.

The final evidence file will include at a minimum:

- field logbooks

- field data and data deliverables

- photographs

- drawings

- soil boring logs

- laboratory data deliverables

- data validation reports

- data assessment reports

- all custody documentation (tags, forms, Air bills, etc.)
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SECTION 6

CALIBRAnON PROCEDURES AND FREQUENCY

This section describes the calibration procedures and the frequency at which these procedures
will be performed for both field and laboratory instruments.

6.1 Field Instrument Calibration

The field instruments will be calibrated as described by the manufacturer's procedures. Field
instruments include a photoionization detector (PID) and a direct read radionuclide detector. As a
rule, the calibration of the instruments will be checked daily and recalibrated when required.

6.2 Laboratory Instrument Calibration

Calibration procedures for a scientific laboratory instrument will consist of an initial calibration
(2, 3, 5. or 6 points, depending on the method), initial calibration verification and continuing
calibration verification. For a description of the calibration procedures for a specific laboratory
instrument, refer to the applicable SOPs in Appendix B of this QAPP. The SOP for each
analysis performed in the laboratory describes the calibration procedures, their frequency,
acceptance criteria and the conditions that will require recalibration. In all cases, the initial
calibration will be verified using an independently prepared calibration verification solution
(CRl-brand as second source).

The laboratory maintains a sample logbook for each instrument which will contain the following
information: instrument identification, date of calibration, analyst, calibration so1uti9ns run and
the samples associated with these calibrations.

On~anic Analyses

Prior to calibration, the instrument(s) used for Gas Chromatographic I Mass Spectrometer (GC I
MS) analyses are tuned by analysis of p-bromofluorobenzene (BFB) for volatile analyses and
decafluorotriphenyl phosphine (DFfPP) for semivolatile analyses. Once the tuning criteria for
these reference compounds are met, the instrument should be initially calibrated by using a five
point calibration curve. The instrument tune will be verified each 12 hours of operation.

Continuing calibration is verified as specified in the method, or at least each working day, using
criteria specified by the method. The calibration standards will be USEPA- or NBS-traceable
and are spiked with internal standards and surrogate compounds. Whereas, calibration and
continuing calibration verification at midpoint and at MRL (Method Reporting Limit) levels will
be perfonned at approved intervals as specified by the manufacturer or the analytical method
(whichever is more frequent). Calibration standards used as reference standards will be traceable
to the source.

Metals Analysis
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The Atomic Absorption Spectrophotometer (AAS) and Inductively Coupled Plasma Emission
Spectrophotometer (Iep) instruments are calibrated by use of a blank and a one-point standard
prepared by dilution of certified stock solutions. An analysis blank is prepared with one
calibration standard at the MRL for the metal. The other standards bracket the concentration
range of the samples. Calibration standards will contain acids at the same concentration as the
digestates.

A continuing calibration standard, prepared from a different stock solution than that used for
preparation of the calibration standards, is prepared and analyzed after each ten samples or each
two hours of continuous operation. The value of the continuing calibration standard
concentration must agree with ± 10 percen[ of the ini[ial value or the appropriate corrective
action is taken which may include recalibrating the instrument and reanalyzing the previous ten
samples.

For the ICP, lineari[y near the reponing limit will be verified with a standard prepared at a
concentration at the reponing limit (MRL >3MDL). This standard must be run at the beginning
and end of each sample analysis run or a minimum of twice per 8-hour period.
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SECTION 7

ANALYTICAL PROCEDURES

Samples will be analyzed by Quanterra Incorporated, Nonh Canton. Ohio.

7.1 Field Analytical Procedures

The standardization and QA information for field measurements are described in Section 3 of
this QAPP. A copy of the Field Sampling Plan is attached to this QAPP.

7.2 Laboratory Analytical Procedures

The laboratory named above will implement the project required Standard Operating Procedures
(SOPs). These laboratory SOPs for sample preparation, cleanup and analysis are based on SW
846 Revision (Latest Version). These SOPs provide sufficient details and are applicable to this
investigation.

The site samples for volatile organic compounds analysis (VOC) shall be screened in the
laboratory, as described in the VOC SOP and shall be analyzed, either as low or medium level
concentration samples, or as a series of dilutions in order to cover the expected concentration
range of the site-specific compounds of interest.

The tables in Appendix E summarize the analyte groups of interest, appropriate laboratory SOP
numbers and EPA reference method for the organic and inorganic analytes, respectively, to be
evaluated in this investigation. The Quanterra SOPs to be used in this investigation are contained
in Appendix B of this document.

7.3 List of Project Target Compounds and Labora[Qry Detection Lirn.its

A complete listing of project target compounds, project quantitation limits, Method Reporting
Lirn.it (MRL), and current laboratory determined detection lirn.its for each analyte group can be
found in Appendix E of this QAPP. Method detection limits shown above have been
experimentally detennined using the procedure found in 4OCFR, Pan 136, Appendix B, or
equivalent statistical approach. The latest MDLs at the time of sample analysis will be used.
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SECTIONS

INTERNAL QUALITY CONTROL CHECKS

8.1 Field Quality Control Checks

QC procedures for field screening instruments are described in Section 6.0 of this QAPP.
Assessment of field sampling precision and bias will be made by collecting field duplicates and
field blanks for laboratory analysis. Collection of the samples will be in accordance with the
procedures outlined in section 5.0 of the attached FSP.

8.2 Laboratory Quality Control Checks

The laboratory identified in Section 7 of this QAPP has a QC program it uses to ensure the
reliability and validity of the analysis performed at the laboratory. All analytical procedures are
documented in writing as SOPs and each SOP includes a QC section, which addresses the
minimum QC requirements for the procedure. The internal quality control checks might differ
slightly for each individual procedure but in general the QC requirements include the following:

Field {frip blanks
Method blanks
Reagent/preparation blanks (applicable to inorganic analysis)
Instrument blanks
Matrix spikes/matrix spike duplicates
Surrogate spikes
Analytical spikes (Graphite furnace)
Field duplicates
Laboratory duplicates
Laboratory control standards
Internal standard areas for GClMS analysis; control limits
Mass tuning for GClMS analysis

For a description of the specific QC requirements of this site investigation and the frequency of
audit. refer to the laboratory SOPs. The QC criteria are also included in the SOPs.

All data obtained will be properly recorded. The data package will include a full deliverable
package capable of allowing the recipient to reconstruct QC infonnation and compare it to QC
criteria. Any samples analyzed in nonconfonnance with QC criteria will be reanalyzed by the
laboratory, if sufficient volume is available. It is expected that sufficient volumes/weights of
samples will be collected to allow for reanalysis when necessary.
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SECTION 9

DATA REDUCTION, VALIDATION, AND REPORTING

All data generated through field activities or by the laboratory operation shall be reduced and
validated prior to reponing. No data shall be disseminated by the laboratory until it has been
subjected to the procedures summarized below.

9.1 Data Reduction

9.1.1 Field Data Reduction Procedures

Field data reduction procedures will be minimal in scope compared to those implemented in tbe
laboratory sening. A PID, ponable direct read radionuclide detector and TNT screening kit will
generate field measurements. Such data will be written into field log books immediately after
measurements are taken. If erron are made, results will be legibly crossed OUt, initialed and
dated by the field member, and corrected in a space adjacent to the original (erroneous) entry.

9.1.2 Labora(Qry Data Reduction Procedures

Laboratory data reduction procedures will be followed according to the following protocol: All
raw analytical data will be recorded in numerically identified laboratory notebooks (paper or
electronic fonn). These notebooks will be issued only by lhe Laboratory QA Manager. Data are
recorded in this notebook along with other pertinent information, such as the sample
identification number and the sample tag number. Other details will also be recorded in the lab
notebook, such as the analytical method used (SOP#), name of analyst, the date of analysis,
matrix sampled, reagent concentrations, instrument settings, and the raw data. Each page of the
notebook shall be signed and dated by the analyst. Copies of the strip chart printouts (such as gas
chromatograms) will be maintained on file. Periodic review of these notebooks by the lab QA
Manager takes place at the opening and closing of laboratory logs, at a minimum. (Records of
notebook entry inspections are maintained by the QA Manager.)

All calculations are checked by the Organic, and lnorganic including Metal Section Supervisor at
the conclusion of each operating day. Errors are noted, corrections are made, but the original
notations are crossed out legibly. Analytical results for soil samples shall be calculated and
reponed on a dry weight basis.

Quality control data (e.g. laboratory duplicates, surrogates, matrix spikes, and matrix spike
duplicates) will be compared to the method acceptance criteria. In Level I review, the analyst
reviews all of the data and QC. This is followed by Level 2 review, in which a senior analyst
reviews lOO% of QC and 10% of the raw data. Data considered to be acceptable will be entered
into the laboratory computer system. The computer system compares QC data to internally
generated limits (LCS< MSIMSD, and surrogate) and method criteria. The data are logged into
the project database. Unacceptable data shall be appropriately qualified in the project repon.
Case narratives will be prepared which will include information concerning data that fell outside
acceptance limits, and any other anomalous conditions encountered during sample analysis.
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After the Lab Project Manager approves these data, they are considered ready for third party data
validation.

9.2 Data Validation

Data validation procedures shall be performed for bolh field and laboratory operations as
described below:

9.2.1 Procedures Used to Evaluate Field Data

Procedures to evaluate field data for this project primarily include checking for lranscription
errors and review of field logbooks. This task will be the responsibility of the Field Manager.

9.2.2 Procedures to Validate Laboratory Data

USEPA Conttact Laboratory Program National Functional Guidelines (NFG) for Organic and
Inorganic Data Review, February 1994, procedures will be modified to include SW846 criteria
summarized in Appendix C, Laboratory Analysis Criteria The modified NFG will be followed
to validate laboratory data in conjunction with the Data Validation Checklist found at Appendix
D.

Roy F. Weston assessment will be accomplished by the joint efforts of the Data Reviewer and
Project Manager. The data assessment by the Project Manager will be based on the criteria that
the sample was properly collected and handled according to the field Sampling Plan and Section
5 of this QAPP.

The Roy F. Weston Data Reviewer will conduct a systematic review of the data for compliance
with the established QC criteria based on the spike, duplicate and blank: results provided by the
laboratory. All technical holding times shall be reviewed, the GClMS instrument perfonnance
check sample results shall be evaluated, results of initial and continuing calibration will be
reviewed and evaluated by trained reviewers independent of the laboratory. Also, results of all
blanks, surrogate spikes, matrix spikes/matrix spike duplicates, laboratory control samples,
internal standards, target compound identification and quantitation, tentatively identified
compounds, and system performance checks shall be performed for volatile organic compounds
by the vaJidator. Additionally, documents of method detection limits study will be provided to
the validator. The results shall also be validated. One hundred percent of the data will be
evaluated and/or validated.

The Data Review will identify any out-of-eontrol data points and data omissions and interact
with the laboratory to correct data deficiencies. Decisions to repeat sample collection and
analysis may be made by the Project EngineerlProject Scientist based on the extent of the
deficiencies and their importance in the overall context of the project.

All data generated f~r the site will be computerized in a format organized to facilitate data review
and evaluation. The computerized data set will include the data flags provided by Quanterra in
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accordance with the Laboratory Data Validation Functional Guidelines for Evaluating Organic
Analyses (February 1994) and Inorganic Analyses (February 1994), as well as additional
comments of the Data Reviewer. The laboratory-provided data flags will include such items as:
concentration below required detection limit;
estimated concentration due to poor spike recovery; and
concentration of chemical also found in laboratory blank.

The Data Reviewer comments will indicate that the data are:
useable as a quantitative concentration;
useable with caution as an estimated concentration; or
3) unusable due to out-of-control QC results.

All CLP forms summarizing this information will be checked as well. The overall completeness
of the data package will also be evaluated by the Data Validator. Completeness checks will be
administered on all data to determine whether deliverables specified in the 51 Work plan and
QAPP are present. At a minimum. deliverables will include sample chain-of-custody fonns,
analytical results, QC summaries, and supporting raw data from instrument printouts. The
reviewer will detennine whether all required items are present and request copies of missing
deliverables.

9.3 Data Reporting

Data reporting procedures shall be carried out for field and laboratory operations as indicated
below:

9.3.1 Field Data Reporting

Field data reporting shall be conducted principally through the transmission of report sheets
containing tabulated results of all measurements made in the field, and documentation of all field
calibration checks.

9.3.2 Laboratory Data Reporting

Laboratory data is not considered official. reportable data until after the validation activity has
been concluded via the laboratory QA OfficerlManager. The Laboratory Project Manager must
perform a final review of the report summaries and case narratives to determine whether the
report meets project requirements. In addition to the record of chain-of-custody, the report
fonnat shall consist of the following:

I. Case Narrative:

Date of Issuance
Laboratory analysis performed
Any deviations from intended analytical strategy
Laboratory batch number
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Numbers of samples and respective matrices
Quality control procedures utilized and also references to the acceptance criteria
Laboratory report contents
Project name and number
Condition of samples 'as received'
Discussion of whether or not sample holding times were met
Discussion of technical problems or other observations which may have created analytical

difficulties
Discussion of any laboratory quality control checks which failed to meet project criteria
Tables summarizing QC checks for MRLs (true values, found values, and % recoveries) in CLP
form

Signature of the laboratory QA Manager

2. Chemistry Data Package

Case narrative for each package/analytical group
Summary page indicating dates of analyses for samples and laboratory quality control

checks
Cross referencing of laboratory samples to project sample identification numbers
Data qualifiers to be used should be adequately described
Sample preparation and analyses for samples
Sample results
Raw data for sample results and laboratory quality control samples
Results of (dated) initial and continuing calibration checks, and GClMS tuning results
Matrix spike and matrix spike duplicate recoveries, laboratory control samples, method

blank results, calibration check compounds, and system performance check compound results
Labeled (and dated) chromatograms/spectra of sample results and laboratory quality

control checks
Results of tentatively identified compounds

The Data package will be a "CLF-like" format consisting of all the information presented in a
CLP data package.
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SECTION 10

PERFORMANCE AND SYSTEM AUDITS

Perfonnance and system audits of laboratory activities will be conducted to verify that analyses
are perfonned in accordance with the procedures established in the FSP and QAPP. The audits
of laboratory activities include two independent parts: internal and external audits.

10.1 Laboratory Performance and Systems Audits

The Quanterra Analytical Services laboratories are audited on a regular basis by U.S. Army
Corps of Engineers. The U.S. Army Corps of Engineers Center of Expertise in Omaha, Nebraska
conducts the system audits of the laboratories on an annual basis, and conducts performance
audits.

The system audits, include examination of laboratory documentation on sample receiving.
sample log-in. sample storage. chain of custody procedure, sample preparation and analysis,
instrument operating records, etc. The performance audits will consist of sending performance
evaluation (PE) samples to laboratories for on-going assessment of laboratory precision and
accuracy. The analytical results of the analysis of PE samples are evaluated by U.S. Anny Corps
of Engineers Center of Expertise to ensure the laboratories maintain good performances.

10.1.1 Internal laboratory Audits

10. I. J.l Internal Lab Audit Responsibilities

The intemallaboratory audit will be conducted by the Quanterra QA Officer.

10. I. 1.2 Internal Lab Audit Frequency

The internal lab system audits will be done on an annual basis while the internal lab perfonnance
audits will be conducted on a quarterly basis.

10.1.1.3 Internal Lab Audit Process

The internal lab system audits will include an examination of laboratory documentation on
sample receiving, sample log-in, sample storage, chain-of-custody procedures, sample
preparation and analysis, instrument operating records. etc. The perfonnance audits will involve
preparing blind QC samples and submitting them along with project samples to the laboratory for
analysis throughout the project. The Quanterra QA Officer will evaluate the analytical results of
these blind performance samples to ensure the laboratory maintains acceptable QC performance.
The laboratory audit checklist has been submitted.
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10.1.2 External Laboratory Audits

10.1.2.1 External Lab Audit Responsibilities

An external audit may be conducted by the Corps of Engineers.

10.1.2.2 External Lab Audit Frequency

An external Jab audit may be conducted at least once prior to the initiation of the sampling andlor
during analysis activities. These audits mayor may not be announced and are at the discretion of
the U.S. Anny Corps of Engineers, Louisville District.

10.1.2.3 Ovetview of the External Lab Audit Process

Extemallab audits will include (but not be limited to) review of laboratory analytical procedures,
laboratory on-site audits, andlor submission of perfonnance evaluation samples to the laboratory
for analysis.
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SECTION 11

PREVENTATIVE MAINTENANCE

11.1 Field Instrument Preventive Maintenance

The field equipment for this project includes a PID, direct read radionuclide detector and a TNT
test kit. Specific preventive maintenance procedures to be followed for field equipment are those
recommended by the manufacturer. Field instruments will be checked daily for calibration and
calibrated if necessary. Calibration checks will be documented in the field logbooks. Backup
instruments and equipment will be available on-site or within 1 day shipment to avoid delays in
the field schedule.

11.2 Laboratory Instrument Preventive Maintenance

As part of their QNQC Program, a routine preventive maintenance program is conducted by a
service contractor on a limited basis to minimize the occurrence of instrument failure and other
system malfunctions. Quanterra Laboratories personnel perfonn routine scheduled maintenance.
and repair or coordinate with the vendor for the repair of all instruments. All laboratory
instruments are maintained in accordance with manufacturer's specifications and the
requirements of the specific method employed. This maintenance is carried out on a regular,
scheduled basis, and is documented in the laboratory instrument service logbook for each
instrument. Emergency repair or scheduled manufacturer's maintenance is provided under a
repair and maintenance contract with factory representatives.
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SECfION12

SPECIFIC ROUTINE PROCEDURES
USED TO ASSESS DATA PRECISION, ACCURACY AND COMPLETENESS

12.1 Accuracy Assessment

In order to assure the accuracy of the analytical procedures, an environmental sample will be
randomly selected from each sample shipment received at the laboratory, and spiked with a
known amount of the analyte or analytes to be evaluated. In general, a sample spike will be
included in every set of 20 samples tested on each instrument. The spike sample will be then
analyzed. The increase in concentration of the analyte observed in the spike sample, due to the
addition of a known quantity of the analyte, compared to the reported value of the same analyte
in the unspiked sample determines the percent recovery. Control charts will be ploned
periodically for each commonly analyzed compound and kept on method-specific, matrix
specific, and analyte-specific bases. The percent recovery for a spiked sample is calculated
according to the following formula:

%R = Amount in spiked sample - Amount in Sample X}OO
Known Amount Added

12.2 Precision Assessment

Spiked samples are prepared by choosing a sample at random from each sample shipment
received at the laboratory, dividing the sample into equal aliquots, and then spiking each of the
aliquots with a known amount of analyte. The duplicate samples will be then included in the
analytical sample set. The splitting of the sample allows the analyst to detennine the precision of
the preparation and analytical techniques associated with the duplicate sample. The relative
percent difference (RPD) between the spike and duplicate spike will be calculated and ploned.
The RPD is calculated according to the following formula:

(Amount in Spike# 1 - Amount in Spikc#2)

RPD= x 100
(Amount in Spike#l + Amount in Spike#2)

2

Control Charts for recoveries (%), and RPDs will be submitted with the data packages to the
U.S. Anny Corps of Engineers, Louisville District.

12.3 Completeness Assessment

Completeness is the ratio of the number of valid sample results to the total number of samples
analyzed with a specific matrix and/or analysis. Following completion of the analytical testing,
the percent completeness will be calculated by the following equation:
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SECTION 13

CORRECTIVE ACTION

Corrective action is the process of identifying, recommending, approving and implementing
measures to counter unacceptable procedures or out of quality control performance which can
affect data quality. Corrective action can occur during field activities, laboratory analyses, data
validation and data assessment. All corrective action proposed and implemented will be
documented in the regular quality assurance repom to management. Corrective action should
only be implemented after approval by the Project Engineer, or his designee. If immediate
corrective action is required, approvals secured by telephone from the Engineer should be
documented in an additional memorandum.

For noncompliance problems during laboratory analysis, a formal corrective action program will
be determined and implemented at the time the problem is identified. The person who identifies
the problem will be responsible for notifying the contractor's laboratory Project Manager, who in
turn will notify the U.S. Army Corps of Engineer Quality Assurance Manger. Implementation of
corrective action will be confirmed in writing through the same channels.

Any nonconformance with the established quality control procedures in the QAPP or Field
Sampling Plan will be identified and corrected in accordance with the QAPP. The U.S. Army
Corps of Engineers Quality Assurance Manager, or his designee, will issue a nonconformance
report for each nonconformance condition.

Corrective actions will be implemented and documented in the field record book. No staff
member will initiate corrective action without prior communication of findings through the
proper channels. If corrective actions are insufficient, work may be stopped by stop-work order
by the Quality Assurance Manager.

13.1 Field Corrective Action

Corrective action in the field can be needed when the sample network is changed (i.e. morelless
samples, sampling locations other than those specified in the QAPP, etc.), sampling procedures
andlor field analytical procedures require modification, etc. due to unexpected conditions.
Technical staff and project personnel will be responsible for reporting all suspected technical or
QA nonconfonnances or suspected deficiencies of any activity or issued document by reporting
the situation to the Project Engineer. The Project Engineer will be responsible for assessing the
suspected problems in consultation with the project QA Manager on making a decision based on
the potential for the situation to impact the quality of the data. If it is determined that the
situation warrants a reportable nonconfonnance requiring corrective action, a nonconfonnance
report will be initiated by the Project Engineer.

The Project Engineer will be responsible for ensuring that corrective action for nonconformances
are initiated by:

o evaluating all reponed nonconfonnances;
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o controlling additional work on nonconfonning items;

o determining disposition or action to be taken;

o maintaining a log of nonconformances;

o reviewing nonconformance repons and corrective actions taken;

o ensuring nonconformance reports are included in the final site documentation in project
files.

If appropriate, the Project Engineer will ensure that no additional work that is dependent on the
nonconforming activity is performed until the corrective actions are completed. Corrective
action for field measurements may include:

o Repeat the measurement to check the error;

o Check for all proper adjustments for ambient conditions such as temperature;

o Check the batteries;

ORe-Calibration:

o Cbeck lbe calibration;

o Replace the instrument or measurement devices;

o Stop work (if necessary).

The Field Team Leader or his designee is responsible for all site activities. In this role, the Field
Team Leader at times is required to adjust the site programs to accommodate site specific needs.
When it becomes necessary to modify a program. the responsible person notifies the Field Team

Leader of the anticipated change and implements the necessary changes after obtaining the
approval of the Field Team Leader. The Field Team Leader must approve the change in writing
or verbally prior to field implementation, if feasible. If unacceptable, the action taken during the
period of deviation will be evaluated in order to detennine the significance of any departure from
established program practices and action taken.

Corrective action resulting from internal field audits will be implemented immediately if data
may be adversely affected due to unapproved or improper use of approved methods. The Quality
Assurance Officer will identify deficiencies and recommended corrective action to the Project
Manager. Implementation of corrective actions will be perfonned by the field team. Corrective
action will be documented.

Site lnvestisation
Plum Brook Ordnance Works

38 July 2000



QA Project Plan
Section 13

Corrective actions will be implemented and documented in the field record book. No staff
member will initiate corrective action without prior communication of findings through the
proper channels. If corrective actions are insufficient, work may be stopped by the U.S. Army
Corps of Engineers QA Manager.

13.2 Laboratory Corrective Action

Corrective action in the laboratory may occur prior to, during and after initial analyses. A
number of conditions such as broken sample containers, multiple phases, low/high pH readings,
potentially high concentration samples may be identified during sample log-in or just prior to
analysis. Following consultation with lab analysts and section leaders, it may be necessary for
the laboratory Quality Control Coordinator to approve the implementation of corrective action.
The submitted standard operating procedures (SOPs) specify some conditions during or after
analysis that may automatically trigger corrective action or optional procedures. These
conditions may include dilution of samples, additional sample extract cleanup, automatic
reinjection/reanalysis when certain quality control criteria are not met, etc. A summary of
method-specific corrective actions is found in this QAPP.

Corrective action is implemented at several different levels. The laboratories are required to
have a written SOP specifying corrective action to be taken when an analytical error is
discovered or the analytical system is detennined to be out of control. The SOP requires
documentation of the corrective action and notification by the analyst about the errors and
corrective procedures. The Corps of Engineers also may request corrective action for any
contractual nonconformance identified by audits or data validation. The COE may request
corrective action by the laboratories for any nonconfonnances identified in the data validation
process or, for minor problems, the lab may be contacted directly. Corrective actions may
include:

ORe-analyzing the samples, if a holding time criterion pennits;

o Resampling and analyzing, and/or;

o Evaluation and amending sampling procedures andlor

o Evaluation and amending analytical procedures; andlor

o Accepting data and acknowledging the level of uncertainty.

If resampling is deemed necessary due to laboratory problems, the Project Engineer must identify
the necessary approach for the additional sampling effort.

Corrective actions are required whenever an out-of-control event or potential is noted. The
investigative action taken is somewhat dependent on the analysis and the event.

Laboratory personnel are alerted that corrective actions may be necessary if:
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o QC data are outside the warning or acceptable windows for precision and accuracy;

o Blanks contain target analytes above acceptable levels;

o Undesirable trends are detected in spike recoveries or RPD between duplicates;

o There are unusual changes in detection limits;

o Deficiencies are detected by the QA deparunent during internal or external audits or from
the results of performance evaluation samples; or

o Inquiries concerning data quality are received.

Corrective action procedures are often handled at the bench level by the analyst, who reviews the
preparation or extraction procedure for possible errors, checks the instrument calibration, spike
and calibration mixes, instrument sensitivity, and so on. If the problem persists or cannot be
identified, the matter is referred to the laboratory supervisor, manager and/or QA department for
further investigation. Once resolved, full documentation of the corrective action procedure is
filed with the QA depanmeDI.

These corrective actions are performed prior to release of the data from the laboratory. The
corrective actions will be documented in both the laboratory's corrective action log (signed by
analyst, section leader and quality control coordinator), and the narrative data report sent from
the laboratory to the data validator. If corrective action does not rectify the situation. the
laboratory will contact the Corps of Engineers QA Manager.

13.3 Corrective Action During Data Validation and Data Assessment

The U.S. Army Corps of Engineers may identify the need for corrective action during either the
data validation or data assessment. Potential types of corrective action may include resampling
by the field team or reinjection/reanalysis of samples by the laboratory.

These actions are dependent upon the ability to mobilize the field team, whether the data to be
collected is necessary to meet the required quality assurance objectives (e.g. the holding time for
samples is not exceeded, etc.). When the U.S. Army Corps of Engineers data assessor identifies
a corrective action situation, the Project Manager will be responsible for approving the
implementation of corrective action, including resampling, during data assessment. All
corrective actions of this type will be documented by the QA Manager.
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SECTION 14

QUALITY ASSURANCE REPORTS TO MANAGEMENT

The laboratory Project Manager will be responsible for deliverables associated with the tasks
identified in the Work Plan. The Quality Assurance Officer will be responsible for reporting on
the accuracy, precision, and completeness of the data as well as the results of the perfonnance
and system audits, and any corrective action needed or taken during the project.

14.1 Contents of Project QA Reports

The QA repons will contain on a routine basis all results of field and laboratory audits, all
information generated during the past month reflecting on the achievement of specific data
quality objectives, and a summary of corrective action that was implemented, and its immediate
results on the project. The status of the project with respect to the Project Schedule included in
the QAPP will be determined. Whenever necessary, updates on training provided, changes in
key personnel, anticipated problems in the field or lab for the upcoming month that could bear on
data quality along with proposed solutions, will be reported. Detailed references to QAPP
modifications will also be highlighted. All QA report will be prepared in written, final formal by
the laboratory Project Manager or his designee. In the event of an emergency, or in case it is
essential to implement corrective action immediately, QA reports can be made by telephone to
the appropriate individuals, as identified in the Project Organization or Corrective Action
sections of this QAPP. However, these events, and their resolution will be addressed thoroughly
in the final QA report.

14.2 Frequency of QA Repons

Based on the short duration of this project, only one QA Report is anticipated and wilJ be
prepared at the end of the project. The report will continue without interruption, until the project
has been completed. The frequency of any emergency reports that must be delivered verbally
cannot be estimated at the present time.

14.3 Individuals Receiving/Reviewing QA Reports

The Project Engineer wiJI orchestrate djstribution of all QA reports.
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Figures

Figure IA: PBOW Site Location Plan

Figure IB: PAWL Site Location Plan

Figure 2: Boring Location Plan

Figure 3A: Layout ofPentolite Waste Water Basins

Figure 3B: Construction Details ofPentolite Waste
Water Basins
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AppendixE

2xample Ethics Agreement

(Laboratory L'lame)

ETHICS AND DATA INTEGRITY AGREElv!ENT

1. L"be bDr-o.. A· !-I-v.la.. (Name), state that I understand the high standards
ofinte~ry required of me with regard to the duties I perform 2..TJ.d the data I report in connection ""ith
my employment at Qlpnl-pr-r-a, Tnc, (Laborawry).

II, I a~ee that in the performance ofmy d.uties at

(Laborarory): D~-f.-e((ex I J,J1C.
~ I shall not mte::tionally report data values that are not the actual values obtained;

b. I shall not intc:lrionally report the dates and times ofdata analyses that are not the actual dates and
ti..mes of data 2..TJ.alyses; and

c. I shall not inte::tionally represent anothe: individual's work as my O'NTI..

ill. Xagree to inform _Q.::;;...:.;u_a~n_t;...e_r_::-_a_,_I_n_c_· (Laborarory) of any accidental reporting of
non-authentic data by myself in a timely ma.TJ..TJ.e:.

IV. I agree to L."1for::n Quanterra, Inc.
repor"J.ng ofnon-authe:ltic data by othe: employees.

(Laborarary) of a.TJ.y accidental or L."ltenrional

(Dale)



AppendixE

Example Ethics Agreement

On::>r.:j-orr::>,T'r.c

(Laboratory lVame)

ETHICS AJ.'ill DATA INTEGRITY AGREElVfE~l

1. 1. S'7»~ I D. ~f6.4,:L (Name), state that I unde:stand the high standards
of inte~ty required. of me with regard to the duties I perform and the data I report in connection v-ith
my employment at On::> n !-;=>"''''::>, T'nc « (Laboratory).

II. I a~ee t.'1at L.'"l the performance ofmy duties at
(Laboratory): /\ -J-- -

~a~.c
a.. I shall not intentionally report data values that are not the actual values obtained;

b. I shall not intentionally report the dates and times ofdata analyses that are not the actual dates and
times of data a:.'"lalyses; and

c. I shall not intentionally represe:lt anothe: individual's work as myo\vu.

III. X. agree to info rm Qua n t e ::- ::- a, Inc.
non-authe:1tic data by myself in a timely manner.

IV. Iagreetoinfcr:n Quanterra, Inc.
repor.ing of non-aut.'1e:uic daca by othe: employees.

(Laboracory) of any accidental reporting of

(Laborccory) of any accidental or intentional

(Signature)

(Date)



AppendixE

Example Ethics Agreement

Qll::lnt~r1'"::l, Inc

(Laboratory Name)

ETHICS AJ.'ID DATA INTEGRITY AGREEJ."YIENT

L L ~~r T0+h (Name) • state that I unders-.and the high ~dards
of integrity req . ed ofme 'WIth regard to the dunes I perform and the data I report In connectIon mth
my employment at Qll::lnf-p1'"1"'::lr Tnc. (Laboratory).

II. I a~ee that in the performance ofmy duties at

(Laboramry): du-eud:tvt.t\.. ( T f1-( ,

I shall not intentionally report data values that are not the actual values obtained;

b. I shall not intentionally report the dates and times of data analyses that are not the actual dates and
times of data analyses; and

c. I shall not intentionally represent another individual's work as my own.

ill. ragree to inform Quan ter z:a, Inc.
non-authentic data by myself in a timely manner.

(Laboratory) of any accidental reporting of

rv, I agree to inform aua n terra, Inc. (Laboratory) of any accidental or intentional
reporting of non-autb.entic data by other e!!lployees.

/~
1 -' J ) ;. /.J-A::::-

(?J'jt:t1 1:'.". o0}

(Signature)

(Date)



AppendixE

Example Ethics Agreement

(Labor-acory l·[c.me)

ETHICS k'i'"D DATA INTEGRITY AGREENIE~"T

I. I, 1 (Nalne), state that I underst2.Ild the high S"'"l2.ndards
or lmegricy re uirea ofrne wiw.t.r regard to the duries I perform and the dzta r repor. in connection \'.lith
my e:nploymem at n11;::o,.,f-?~1"";::O r Tn .... , (Labora.cory).

II, I a~ee 'U.'lat L.'"1 the performance of my dunes at

(Laber-awry): Qv AVL +c (" r~ t

a. r shall not ime::ncnally repor. dat2. values t..l-},at are n.ot t..i;,e actual values obtained;

b, I shall net intentionally reDort the dat~s and cimes of data analYses mat are not the actual dates and. . .
times 0 f data al'!alyses; and

c. I shall not intentiorlaLlv re'Dresent a.r:othe: inciividual's work as mv O\.VTI.. . .
lli. I.ag=-ee to ir.for::'~ Quante!:"~a, Inc.
non-aL.'d:ent:c data by myself in a timely manne:.

IV. I agree to infer::! Ouar1 te=r:a, Inc.
repor.ing of nor.-aut.1.e:uic data by oc..rle: e;:nployees.

(Lacerawry) of any accidental reporcing of

(Lacor-acory) 0 f any accidental or intentional

(Si£.r1anl.!"e)....

1- 2/-1/
(Date)



AppendixE

Example Ethics Agreement

(Laboratory Name)

ETHICS Al'i"D DATA INTEGRITY AGREEiYIENT

I. L:R r....( bn. ( (l &;Nt rd (Name), state that I understand the high standards
of integrity required of me with regard to the duties I perform and the data I report in coon.~tion with
my employment at On::>'" +-prr;:> I Tnc, (Laboratory).

II. I agree that in the performance ofmy duties at
(Laboratory): Gu.o. r) te ( r Cl i !Y\ c.. .

I shall not intentionally report data values that are not the actual values obtained;

b. I shall not intentionally report the dates and times ofdata analyses that are not the actual dates and
times ofdata analyses; and

c. I shall not intentionally represent another individual's work as my ovro..

III. l.agree to inform Quanterra I Inc. (Laboratory) of any accidental reporting of
non-authentic data by myself in a timely manner.

N. I agree to inform Quan terra I Inc, (Laboratory) of any accidental or intentional
reporting ofnon-au6entic data by other efIlployees.

1

\-£.xttJ,'-fU tL )(Lj.(,.1- 1.~ "l

(Signature)

(Date)



AppendixE

Example Ethics Agreement

Ollan;-?rr'", Inc

(Laboratory Name)

ETHICS A...i\iD DATA INTEGRITY AGREEMENT

r. L Dc FZ\6 ~ f.RJ:I:::N (Name), state that I understand the high standards
of integrity required ofme with regard to the duties I perform and the data I report in connection with
my employment at Q1J",,.,t-p r ra c Toe I (Laboratory).

II. I agree that in the perfonnance ofmy duties at
(Laboratory): A I _ __ -

~K/V1.C'-t ~ .

a. I shall not intentionally report data values that are not the actual values obtained;

b, I shall not intentionally report the dates and times ofdata analyses that are not the actual dates and
times of data analyses; and

c. I shall not intentionally represent another individual's work as my own.

ill. tagree to inform Quanterra, Inc.
non-authentic data by myseif in a timely manner.

I'f. I agree to inform Ouan terra, Inc.
reporJng ofnon-autb.entic data by other employees.

(Laboratory) of any accidental reporting of

(Laboratory) of any accidental or intentional

(Signature)

L1 tl c~ • GC,I
~ I . ","",,-L (

(Date)



AppendixE

Example Ethics Agreement

(Laboratory N21I1e)

ETHICS Mel) DATA INTEGRITY AGREEME~l

1. L r{J iChe.Ju 1ra...le \J (Name), state that I understand the high standards
of integrity required ofme \Viti? regard to the duties I perform and the data I report in connection \Vith
my employment at On;:> 1'"1 to? r r;:> ( T,., C • (Laboratory).

II. I agree that in the perfonnance ofmy duties at
(Laborarory) :

I shall not intentionally report data values that are not the actual values obtained;

b. I shall not intentionally reDon the dates and t..mes ofdata analyses that are not the actual dates and. . ~

times of data analyses; and

c. I shall not intentionally represent another individual's work as my own.

III. tagreetoinform Quanterra, Inc. (Laborarory) of any accidental reporting of
non-authentic data by myself in a timely manner.

rv. I a~ee to inform Ouan terra, Inc. (Laboratory) of any accidental or intentional
reporting of non-authentic data by othe: employees.

I
(Signarure)

4-.JD-9Q

(Date)



AppendixE

Example Ethics Agreement

Qnan+-er""::>,Tnc

(Laboratory Name)

ETHICS AL'ill DATA INTEGRITY AGREEMEl'rr

f).

1. L~me (Name), state that I understand the high standards
of integrity req . led of me with regard to the duties I perform and the data I report in connection with
my employment at 01);::> n +- p 1""1""::> r T DC, (Laboratory).

II. I agree that in the performance ofmy duties at
(Laboratory) :

a. I shall not intentionally report data values that are not the actual values obtained;

b. I shall not intentionally report the dates and times of data analyses that are not the actual dates and
times 0 f data analyses; and

c. I shall not intentionally represent another individual's work as my O\VTI..

III. tagreetoinform Quanterca, Inc.
non-auw.1.enric data by myself in a timely manner.

IV. I agree to inform Ouantecra, Inc.
reporting of non-authentic data by otheremployees.

(Laboratory) of any accidental reporting of

(Laboratory) of any accidental or intentional

{J.a:u;m<~
(Signature)

(Date)



AppendixE

Example Ethics Agreement

Q11 ;::> n 1- ::> r r::l ( .T n C

(LaborawI)' Name)

ETHICS A.L~"D DATA INTEGRITY AGRELy!E~l

I. L _gc" 5 Ill. \S Ii 7... c::; ~ L.. (Name), state that I understand the high standards
of integrity required ofme with regard to the duties I perform. and the data I report in conn~tion with
my employment at 011::l n t-? r1"'":::> ( T Me. (Laborawry).

II. I a~ee that in the performance ofmy duties at

(Laboratory): Q'J~f\+~..r rc,-) :c11 C .

a. I shall not intentionally report data values that are not the actual values obtained;

b. I shall not intentionally report the dates and times of data analyses that are not the actual dates and
times of data analyses; and

c. I shall not intentionally represent another individual's work as my own.

m. tagree to inform Quan te= ra, Inc. (Laboratory) of my accidental reporting of
non-auui.e:ltic data by myself in a timely manner.

IV. I a~ee to inform Quan terra, Inc. (Laboratory) ofany accidental or intentional
reporting of non-auui.e::.tlc data by oche:- empLoyees.

,

k-e> () \. G v 4 c-:>L'-.-

(SignatT..Jre)

L(-JO ·99

(Date)



AppendixE

Example Ethics Agreement

Quant-err::>, Tne

(Laboratory Name)

ETHICS AND DATA INTEGRITY AGREE1'IENT

lo' (\
1. L ~ \ ~ CtCO (Name), state that I understand the high standards
of integrity required ofme with regard to the duties rperform and the data I report in connection with
my employment at Qll::>nt-;:>rrac Tnc « (Laboratory).

II. I agree that in the performance ofmy duties at
(Laboratory) :

a. I shall not intentionally report data values that are not the actual values obtained;

b. I shall not intentionally report the dates and times ofdata analyses that are not the actual dates and
times ofdata analyses; and

c. I shall not intentionally represent anothe: individual's work as my 0\V-n.

m. tagree to inform Quanterra, Inc.
non-authentic data by myself in a timely manner.

IV. r a~ee to inform Ouan terra, Inc.
repo~,ingof non-auu~enticdata by other employees.

(Laboratory) of any accidental reporting of

(Laboratory) of any accidental or intentional

(Signature)

4-24-9<1 _

(Date)



Appendi"X E

Example Ethics Agreement

nnant-::-rr:::l,Tnc

(Laboratory Name)

ETHICS Ai'i"D DATA INTEGRITY AGREEJ.VIE~"T

I. I, &rfC::G-oIf,'i {5 dW!1tttr./ (Name), state that I understand the high standards
of integrity required ofme with regard to the duties I perform and the data I report in connection with
my employment at 01l:::lot-prra, Toe, (Laboratory).

II. I agree that in the performance ofmy duties at
(Laboratory) :

I shall not intentionally report data values that are not the actual values obtained;

b, I shall not intentionally report the dates and times of data analyses that are not the actual dates and
times of data analyses; and.

c. I shall not intentionally represent another individual's work as myovro..

III. I.agree to inform Quanterra, Inc.
non-authentic data by myself in a timely manner.

IV. I agree to inform Ouan terra, Inc.
reporJng of non-authentic data by other employees.

(Laboratory) of any accidental reporting of

(Laborarory) of any accidental or intentional

~y5&~~
(Signature)

(Date)



AppendixE

Example Ethics Agreement

QU;:lo+-erra. Inc

(Laboratory Name)

ETIDCS AND DATA INTEGRITY AGREu\i!ENT

I. I. /1/ ;.)4/Ju.f (Name), state that I understand the high standards
of integritY required of me with regard to the duties I perfonn and the data I report in connection with
my employment at OJpn+-?rr-;:l c T"C, (Laboratory).

II. I agree that in the performance of my duties at
(Laboratory) :

a. I shall not intentionally report data values that are not the actual values obtained;

b. I shall not intentionally report the dates and times of data analyses that are not the actual dates and
times ofdata analyses; and

c. I shall not intentionally represent anothe: individual's work as my own.

ill. tagreetoinform Quanterra, Inc. (Laboramry) of any accidental reporting of
non-authentic data by myself in a timely manner.

IV. Iagreetoinform Ouante=-ra, Inc. (Laboratory)ofanyaccidentalorintentiona!
repor--..mg of non-authe:ltic data by othe: employees.

(Signature)

(Date)



AppendixE

Example Ethics Agreement

O'l::> I:) t e ,.. r::> [ .T n C

(Laborarory lVame)

ETHICS Ai'ID DATA INTEGRITY AGRE~yrENT

1. I, AYY'/1 {'dr. k. I±er( (;. \e ~ (Name), state that I understand the high standards
of integrity required ofme with regard to the duties I perform and the data I report in connection with
my employment at OlP'" 1-:=>,..,.-::>, Tnc. (Laboratory).

II. I a~ee that in the performance army duties a!

(Laboracory) :

- I shall not intentionally report data values that are not the actual values obtained;

b. I shall not intentionally re~ort the dates ar:d times of data analvses that are not the actual dates and. . "
times 0 f data analyses; and

c. I shall not inten.tionally represent anothe: individual's work as my own.

m. l.agree to inform Quanterra, Inc. (Laboratory) of any accidental reporting of
non-aut.~enticdata by myself in a timely manner.

N. Iagreetoinform Quanterra, Inc. (L'aborarory)ofanyaccidentalorintentional
reporting of non-authentic data by oche: employees.

(Signature)

(Date)



AppendixE

Example Ethics Agreement

(Labo!C.cory Name)

ETHICS Ai'ID DATA INTEGRITY AGREE~rE!'4i

I. L m is:: ho.S' I 5TI;YrlO!r( (Name), s+..ate that I unde:-stand the high standards
of integrity required ofme with regard to the duties I perform and the data I report in connection with
my employment at On;::>,..,l-pr r 3 [ Tnc. (Labo!C.mry).

II. I a~ee that in the performance ofmy duties at
(Laborarory) :

a. I shall not intentionally report data values that are not the actual values obtained;

b. I shall r:.ot intentionally report the dates and times of data analyses that are not the actual dates and
times of data analyses; and

c. r shall not intentionally represent another individual's work as my 0\V!l.

ill. ragree to inform Quan ter ra, Inc.
non-authentic data by myself in a timely manner.

N. r a2Iee to inform Quan terra, Inc.
reporting of non-authentic data by other e~ployees.

(Laborarory) of any ac~idental reporting of

(Laboratory) of any accidental or intentional

(Signature)

(Dare)



AppendixE

Example Ethics Agreement

OlJant~rr::l, Inc

(Laboratory Name)

ETHICS AND DATA INTEGRITY AGREENIENT

1. r. t1..;r/ /:MU1'".s. --:G It oI1~6"J (Name), state that I understand the high standards
of integrity required of me with regard to the duties I perform and the data I report in connection with
my employment at Qll::l n tp "'r:::>, T,.,C ' (Laboratory).

II. I agree that in the performance of my duties at
(Laboratory) :

I shall not intentionally report data values that are not the actual values obtained;

b. I shall not intentionally report the dates and tit:nes of data analyses that are not the actual dates and
times of data analyses; and

c. I shall not intentionally represent anothe:::- individual's work as my O\VTI..

m. r. agree to inform Qua n t erra, Inc.
non-authentic data by myself in a timely manne:::-.

N. Iagreetoinform Ouanterra, Inc.
reporting of non-authentic data by other employees.

(Laboratory) of any accidental reporting of

(Laboratory) of any accidental or intentional

(Signature)

(Date)



AppendixE

Example Ethics Agreement

Oll~ni-err~( Inc

(Laboratory Name)

ETillCS AJ.'ffi DATA INTEGRITY AGREEl'tIE~"T

1. L RyV'\da.. R. ~ei-+o..'1- !&o...v e.-t-L.. (Name), state that I understand the high standards
of integrity required ofme with regard to the duties I perform and the data I report in connection 'Nith
my employment at Oll ~..,;- P 1"",3, T DC. (Laboratory).

II. I agree that in the perfonnance of my duties at
(Laboratory) :

a. I shall not intentionally report data values that are not the actual values obtained;

b. I shall not intentionally report the dates and times of data analyses that are not the actual dates and
times of data a.TJ.alyses; and

c. I shall not intentionally represent another indi...i.dual's work as my own.

ID. !.agree to inform Quan ter r3., Inc.
non-authentic data by myself in a timely manner.

IV. I agree to inform Quan terra, Inc.
reporting ofnon-auth.entic data by other employees.

(Laboratory) of any accidental reporting of

(Laboratory) of any accidental or intentional

'-fAu-.k~~4-~~r
(Signature)

(Date)



AppendixE

Example Ethics Agreement

(Laboratory Name)

ETHICS Al'ffi DATA INTEGRITY AGREEM:El'rr

1. 1. U 0 'D'\-~.J J". Lee6 o~ (Name) • state that I tmderstand the high standards
of integrity required o#me with regard toe duties I perfonn and the data I report in connection with
my employment at 011;:> n to? r r;:>, T!1 C , (Laboratory).

II. I a~ee that in the performance ofmy duties at
(Laboratory) :

I shall not intentionally report data values that are not the actual values obtained;

b. I sr...all not intentionally report the dates and times of data analyses that are not the actual dates and
times of dara analyses; and

c. I shall not intentionally represent another individual's work as my OVID..

III. tagree to inform Quan ter ra, Inc. (Laborawry) of any accidental reporting of
non-authentic data by myself in a timely manner.

N. I agree to inform Quan terra, Inc. (Laboratory) ofa..'1y accidental or intentional
repor-.ing of non-authentic data by other employees.

(Date)



AppendixE

Example Ethics Agreement

(LaboralOry Name)

ETHICS Al.'ID DATA INTEGRITY AGREThffi.'IT

1 L ri::)<-,~'": c. .It~ ,(JLf;:t: (Name), state that I unde~...and the high standards
of integrio/~quired a f me with regard co the duties I pe:fOIm and the data. I report in connection with
my employme:::.t at 011;>'" ~~,..,..;>, T",("" , (Laboratory).

IT. I a~ee that in the perfor!!l2nce ofmy duties at

(Labcrarory): q -J-......;....'.....:.'-~ '~'..JY-c' J Sl.--z.. -

a. I shall !lot ince:::.tionally report data values that are not the actual values obta~""ed;

b. I shall !lot inte:::.tionally report the dates and times ofdata analyses that are noc the actual dates and
times of data analyses; and

c. I shall not inten.tionally represent anothe: individual's work as my own.

m. I.agreecoinfcr::J. Quanterca, Inc. (Laborarory) of any acciden.taI reporringof
non-authentic daca by myself in a timely manne:.

IV. I a~ee to inform Quan te= ra, Inc. (Laboratory) of any accidental or intentional
repor-..ing of non-authe::tic data by a the: employees.

/ J
(Date)



AppendixE

:xample Ethics Agreement

On ~ r:J +- ~ r r ~ ( .T n'"

(Laboratory Name)

ETHICS AND DATA INTEGRITY AGREuvfENT

I. L 00 \1 ~d k (COK (Name), state that I understand the hi!!!! standards
c -

ofintegriry required ofme with regard to the duties I perform and the data I report in connection with
my employment at On ~ n +-;:> '-'-::1, Tn C • (Laboratory).

II. I a~ee that in the performance ofmy duties at
(Laboramry) :

I shall not intentionally repon data values that are not the actual values obtained;

b. I shall not intentionally repon the dates and times ofdata analyses that are not the actual dates and
times of data analyses; and

c. I shall not intentionally represent another individual's work as my O'NTI.

III. I.agree to inform Quan ter ra, Inc.
non-aut.~enticdata by myself in a timely manner.

IV. Iagreetoinform Quanterra, Inc.
reporting of non-authentic data by other e:upLoyees.

(Laboramry) of any accidental reporting of

(Laboratory) of any accidental or intentional

(Signature)

(Date)



AppendixE

Example Ethics Agreement

(Laboratory Name)

ETHICS AND DATA INTEGRITY AGREEjyIENT

1 L m~rli5% ft· 6dlpr- 67AS1a.vt I (Name), state that runderstand the high standards
of inte~ryrequired ofme with regard co the duties I perform and the data I report in connection with
my employment at all:::>'" to p"'''' 3 r T n ~ • (Laboratory).

II. I agree that in the performance ofmy duties at
(Labor-arary) :

a. I shall not intentionally report data values t..ware not the actual values obtained;

b. I shall not intentionally report the dates and times of data analyses that are not the actual dates and
times ofdata analyses; and

c. I shall not intentionally represent anothe: individual's work as my own.

ill. tagree to inform Quan ter ra, Inc. (Laboratory) of any accidental reporting of
non-auth.entic data by myself in a timely manne:.

IV. I agree to inform Qua n t erra, Inc. (Laboratory) 0 f any accidental or intentional
repo~..i.."1g afnon-authentic data by othe: e:nployees.

~~o/
(Signature)



AppendixE

Example Ethics Agreement

(Laboratory Name)

ETHICS A1~l) DATA INTEGRITY AGREEJ.vfENT

I. L J v-..\ ~ t 1(~ \£... (Name), state that I understand the high standards
ofinte~ry required ofme with regard to the duties I perform and the data I report in connection with
my employment at 01l;:l1"li-pr1""::l r Tac. (Laboratory).

II. I a~ee that in the performance ofmy duties at
(Laborarory): Q\.l-A-,J\-q~(<.t=t )Trc.

a. I shall not intentionally report data values that are not the acnral values obtained;

b. I shall not intentionally report the dates and times ofdata analyses that are not the actual dates and
times of data analyses; and

c. I sh.all not intentionally represe:lt another individual's work as my OVITI..

ill. I.agree to inform Quanter:::a, Inc. (Laboratory) of any accide:ltaI reporting of
non-auu.~enricdata by myself in a timely manner.

IV. I agree to inform Quan terra, Inc. (Laboratory) of any accide:ltal or intentional
reporting of non-authentic data by other employees.

~&:.. 1+ ~jvlL
(Signature)

(Date)



AppendixE

Example Ethics Agreement

Quant-err'" ,Tnc

(Laboratory Name)

ETHICS AN"]) DATA INTIGRlTY AGREE.vIE1'rr

1. L~:2P.: {\ {('ace.(\C,hq Ie (Name), state that I understand the high standards
of integrity required of me with regard to the duties I perform and the data I rep0r! in connection \\lith
my employment at QJ] '" ,., 1- e 1""!"" 3, Tn C • (Laboratory).

II. I a~ee that in the performance of my duties at Q"Q 1A
(Laboratory) : "'- Y\ \l( v rC\. J--~ ~

a. I shall not intentionally report data values that are not the actual values obtained;

b. I shall not intentionally re~ort the dates and times ofdata analyses that are not the actual dates and. . .
times of data analyses; and

c. r shall not i!:tenrionally represent another individual's work as my own.

ill. !.agree to inform Qua n t erra, Inc. (Laboratory) 0 f any accidental reporting of
non-aut.~enricdata by myself in a timely manner.

IV. r agree to inform Qua n t erra, Inc. (Laboratory) a f any accidental or intentional
repor-.ing of non-authentic data by other ~ployees.

(\

~Q((1°~~A
;> ~

(Signature)

(Date)



AppendixE

~"ample Ethics Agreement

(Laborarory Name)

ETHICS AND DATA INTEGRITY AGREEi.\tIENT

1. L \~f. A. ~~\vame), state that I understand the high~
of integrity rbqurred of me with regard. to the duties I perform and the data I repou: in connection with
my employment at 01):> n l-;=> l'""j'" c T!"! ... , (Laboratory).

II. I a~ee that in the performa..TIce ofmy duties at
(Laboracory) : (\ ~

~\.J0-.II\.~\'C'-.-
I shall not intentionally repou: data valu.es ttfat are not the actual values obtained;

J. I shall not intentionally report the dates and times ofdata analyses that are not the actual dates and
t:imes ofdata analyses; and

c. I shall not intentionally represent anothe:- individual's work as my own.

III. tagreetoinfonn Qua:1terl:"a, Inc. (Laboratory) of any accidental reparring of
non-authentic data by myself in a timely manne:-.

N. I agree to inform Quan terra, Inc. (Laboratory) of any accident2l or intentional
reporting of non-authentic data by other emplo... ees.

(Date)



AppendixE

Example Ethics Agreement

Qllant-Ql""r::> , .Tnc

(Laborawry l'lame)

ETHICS AND DATA INTEGRITY AGREE."ffi~l

1. L Lal Are <I Wood (Name), state that I understand the high standards
of integrity required ofme with regard to the duties I perform and the data I report in connection with
my employment at Qlp n to?,...,...::I, Tn C • (Laboratory).

II. I a~ee that in the performance ofmy duties at

(Laboracory): Q LAO. -n+e.....-Ya. )Iy\c .

a. I shall not intentionally report data values that are not the actual values obtained;

b. I shall not intentionally report the dates and times ofdata analyses that are not the actual dates and
times of data analyses; and

c. I shall not intentionally r~resent anothe= individual's work as mv own.- . -
m. l.agree to inform Quan ter.::-a, Inc. (Laboratory) of any accidental reporting of
non-authentic data by myself in a timely manner.

N. I agree to inform Quan terra, Inc. (Laboratory) of any accidental or intentional
reoor..ing of non-authentic data bv other em:Dlovees.... _ • _. 4

(Signature)

(Date)



AppendixE

Example Ethics Agreement

(Laborawry Name)

ETHICS AJ.'ID DATA INTEGRITY AGREEfiitEl'iT

r. I, ~Cl ce n Co!.,\ nk (Name) , state that I understand the high standards
of integrity required ofme \Vith regard to the duties I perfonn and the data I report in connection with
my employment at Qn3nl-?n"';:> c Inc. (Laboratory).

II. I agree that in the performance of my duties at
(Laboratory) :

I shall not intentionally report data values that are not the actual values obtained;

b. rshall not intentionally report the dates and times ofdata analyses that are not the actual dates and
times of data analyses; and

c. I shall not intentionally represent another individual's work as my own.

III. tagree to inform Quan terra, Inc. (Laborawry) of my accidental reporting of
non-authentic data by myself in a timely manne:.

N. I a~ee to inform Quan terra, Inc. (Laboratory) of any accidental or L."1tentional
reporting of non-authe:J.tic data by other employees.

(Signature)

(Date)



AppendixE

Example Ethics Agreement

OU;:>Qrerr3, Toe

(Laboratory Name)

ETHICS AJ.'J1) DATA INTEGRlTY AGREEME~'T

L I, l'iN A en u5~ (Name), state that I understand the high standards
of integrity required ofme with regard to the duties I perform and the dara I report in connection with
my employment at Ql1;:> M l- ? 1"" 1"";:>, Tn c , (Laboratory).

II. I agree that in the performance ofmy duties at
(Laboratory) :

a. I shall not intentionally report data values that are not the actual values obtained;

b. I shall not intentionally report the dates and times ofdata analyses that are not the actual dates and
times of data analyses; and

c. I shall not LTJ.tentionally represent another individual's work as my own.

m. tagree to inform Quanterra, Inc.
non-authentic data by myself in a timely manner.

N. I agree to inform Quan terra, Inc.
reporting of non-authentic data by other e.;nployees.

(Laboratory) of any accidental reporting of

(Laboratory) of any accidental or intentional

(Signature)

zj-aD-7C;

(Date)



AppendixE

Example Ethics Agreement

Ouagrerr3. Inc

(Laboratory Name)

ETHICS AND DATA INTEGRITY AGREEJMENT

1. I, }v\e.,:I·rssCl (prd e..,,{ ( (Name) , state that I understand the high standards
of integrity required ofme with regard to the duties I perform and the data I report in connection with
my employment at Oll::l,., r ?rr~, T Me, (Laboratory).

II. I a~ee that in the performance ofmy duties at
(Laboratory) :

"'. I shall not intentionally report data values that are not the actual values obtained;

b. I shall not intentionally report the dates and times of data analyses that are not the actual dates and
times of data a.."1alyses; and

c. I shall not intentionallv reDresent another individual's work as mv 0\Vn.. . ..

m. tagree to inform Quan terra, Inc. (Laboratory) of any accidental reporting of
non-authentic data by myself in a timely manner.

IV. r agree to inform Quan terra, Inc. (Laboratory) of any accidental or intentional
reporting of non-authentic data by other ~mployees.

(Signature)

(Date)



AppendixE

Example Ethics Agreement

(Laboratory Name)

ETHICS AND DATA INTEGRITY AGREEl\1ENT

I. L beaJ1Jc r M. 80svV0 r'1"tJ (Name), state that I understand the high standards
of integrity required ofme with regard to the duties I perform and the dara I report in connet:tion with
mye:nploymentat Ql1;::ontp r r;::o, Tnc. (Laboratory).

II. I agree that in the performance of my duties at
(Laboratory) :

a. I shall not intentionally report data values that are not the actual values obtained;

b. I shall not intentionally report the dares and times of data analyses that are not the actual dates and
times of data analyses; and

c. I shall not intentionally represent another individual's work as my own.

III. I.agree to inform Quan terra, Inc.
non-au.thentic data by myseif in a timely manner.

IV. I a~ee to inform Quan terra I Inc.
reporting of non-authentic data by other e~ployees_

(Laboracory) of any accidental reporting of

(Laboratory) of any accidental or intentional

~~ q~'J7'-K
(Signature)

(Date)



AppendixE

Example Ethics Agreement

(Laboratory Name)

ETHICS AJ.'ID DATA INTEGRITY AGREE~!ENT

(J.J.
1. L itt!li ~ (Name), state that I understand the high standards
of integrity required of me with regard to the duties I perform and the data I report in connection with
my employment at Qlp"" to pl""l""::l, Inc. (Laboratory).

II. I agree that in the performance ofmy duties at
(Laboratory) :

"t. I shall not intentionally report data values that are not the actual values obtained;

b. I shall not intentionally report the dates and times of data analyses that are not the actual dates and
times ofdata analyses; and

c. r shall not intentionally represent another individual's work as my own.

III. L.agree to inform Quan ter ra, Inc. (Laboratory) of any accidental reporting of
non-authentic data by myself in a timely manner.

IV. I aQIee to inform Quan terra, Inc. (Laboratory) of my accidental or intentional
repor.mg of non-authentic data by other ::mployees.

(Signature)

(Date)



AppendixE

Example Ethics Agreement

(Laboratory Name)

ETHICS AND DATA INTEGRITY AGREEJ.v!E1'41

I. I. 4L b~"...T 1) J)i pC) 6" (Name), state that I understand the high standards
of inte~ty required of me with regard to the duties I perform and the data I report in connection with
my employment at Qlpn+-p"""";:;, Toe. (Laboratory).

II. I a~ee that in the performance ofmy duties at
(Laboratory) :

a. I shall not intentionally report data values that are not the actual values obtained;

b. I shall not intentionally report the dates and times ofdata analyses that are not the actual dates and
times ofdata a.TJ.alyses; and

c. I shall not intentionally represent another individual's work as my OYVD..

III. tagreetoinform QuanterJ:"a, Inc. (Laboratory) ofany accidental reporting of
non-aut.~enticdata by myself in a timely manner.

rv. Iagreetoinform Quanterra, Inc. (Laboratory)ofanyaccidentalorintentional
repo~..ingof non-aut.~enticdata by other_employees.

Gu00··R;~<
I

(Signature)

£I. -d-.Q - 99

(Date)



AppendixE

:xample Ethics Agreement

OlJan+-e r r"'1, Tnc

(Laboratory Name)

ETHICS AND DATA INTEGRITY AGREEJ\iIENT

1. L L r1~ ~ y' R. h/ i / / ;'a..m 5 (Name) , state that I understand the high standards
of integrity required ofme with regard to the duties I perform and the data I report in connection with
my employment at 01l;::ln+-pr"r"::j, Toe, (Laboratory).

II. I a~ee that in the performance ofmy duties at
(Laboratory) :

"l I shall not intentionally report data values that are not the actual values obtained;

b. I shall not intentionally report the dates and times ofdata analyses that are not the actual dates and
times of data analyses; and

c. I shall not ir:tentionallv reoresent another individual's work as mvown.
~ ... ..

III. tagree to inform Quanterra, Inc.
non-authentic data by myself in a timely manner.

N. I agree to inform Quanterra, Inc.
reporting of non-authentic data by other e?1ployees.

(Laboratory) ofany accidental reporting of

(Laboratory) ofany accidental or intentional

.
R..W~

(Signacure)

L./ -J,.o- /999

(Date)



AppendixE

E .."ample Ethics Agreement

QJ1::lnterr3, I,.,,..

(Laboratory Name)

ETHICS A..i'ill DATA INTEGRITY AGREE1YIENT

I. L Lt~o.. IV\C G-O\...l ~ (Name), state that I understand the high standards
of integrity required of me with regard to the duties I perform and the data I report in cormection with .
my employment at QJ1::lpt-:=-rra, Toe, (Laboratory).

II. I agree that in the performance of my duties at
(Laboratory) :

a. I shall not intentionally report data values that are not the actual values obtained;

b. I shall not intentionally report the dates and times of data analyses that are not the actual dates and
times of data analyses; and

c. I shall not intentionally represent another individual's wor:< as my 0\V!l.

III. Iagree to inform Quanterra, Inc.
non-authentic data by myself in a timely manner.

(Laboratory) of any accidental reporting of

IV'. I agree to inform Qua n t erra, Inc.' (Laboratory) 0 f any accidental or intentional
reporting of non-authentic data by other ~lIlployees.

(Signature)

(Date)



AppendixE

:xample Ethics Agreement

Oq;:>nte"""':>, Inc

(Laboratory Name)

ETIllCS AJ.'ID DATA INTEGRITY AGREEMENT

1. I, 9,t1n-N Jf1 ' ():;'2.t:~~.Il7lj.,. (Name), state that I understand the high standards
of integrity required ofme with regard to the duties I perform and the data I report in. connection with
my employment at Qll;:>" i-? r"';:> , Tn G , (Laboratory).

II. I agree that in the performance ofmy duties at
(Laboratory) :

a. I shall not L."1tentionally report data values that are not the actual values obtained;

J. I shall not intentionally report the dates and times of data analyses that are not the actual dates and
times of data analyses; and

c. I shall not intentionally represent another individual's work as my own.

III. lagree to inform Quanten:a, Inc.
non-authentic data by myself in a timely manner,

N. Iagreetoinform Quanterra, Inc.
repo~.ingof non-authentic data by other e~ployees.

(Laboratory) of any accidental reporting of

(Laboratory) 0 f any accidental or intentional

crM~, ) \

(Signature)

(Date)



AppendixE

Example Ethics Agreement

Ql1::>ot:::>rr3r Inc

(LaboLamry Name)

ETHICS AND DATA INTEGRITY AGREEJ.VlENT

1. L ~ 0, (j ~v-u... (Name), state that I understand the high standards
of integrity required ofme with regard to the duties I perform and the data I report in connection with
my employment at Qu::>rlt",.,.r1'"'::>, Tnc, (Laboratory).

II. I a~ee that in the performance of my duties at
(Laboramry) :

a. I shall not intentionally report data values that are not the actual values obtained;

b. I shall not intentionally renort the dates and times of data analyses that are not the actual dates and. . ..
rimes of data analyses; and

c. I shall not intentionally represent anothe:- individual's work as my own.

III. I.agreetoinform Quanterra, Inc.
non-authentic data by myself in a timely manner.

IV. I agree to inform Quanterra, Inc,
repor.L"rJ.g of non-authentic data by oche:- e}Ilployees.

(Laboramry) of any accidental reporting of

(Laboratory) of any accidental or intentional

(Signature)

(Date)



AppendixE

~xample Ethics Agreement

(Laborawry Name)

ETHICS AAl) DATA INTEGRITY AGREEJ\;IENT

I. I, --..:O:::::-.~:::::::+~~~~~:::<':\...¢...,~d-===--_(Name), state that I understand the high standards
of integrity required 0 e with regard to the duties I perform. and the data I report in connection with
my employment at T" (Laboratory).

II. I agree that in the performance ofmy duties at
(Laborawry) :

a. I shall not L.ltentionally report data values that are not the actual values obtained;

'.J. I shall not intentionally report the dates and times ofdata analyses that are not the actual dates and
times of data analyses; and

c. I shall not i..TJ.tenrionally represent another individual's work as my O\VIl.

III. tagree to inform Quanterra, Inc. (Laborawry) of my accidental reporting of
non-authentic data by myself in a timely manner.

N. I agree to inform Ouan terra, Inc. (Labor-awry) of any accidental or intentional
reporting ofnon-autl1entic data by other e;nployees.

(Date)



AppendixE

E.xample Ethics Agreement

()llanterr::> , Inc

(Laboratory Name)

ETHICS AND DATA INTEGRITY AGREEi'f!E~l

1. r. CO--\() 1'-\ (\ \fClt"'~(en (Name), state that I understand the high standards
of integrity required of me with regard to the duties I perform and the data I report in coonection with
my employment at 01]::> n t-? 1'"' 1'"'::> , Tn C . (Laboratory).

II. I agree that in the perform211ce of my duties at
(Laboratory) :

a. I shall not intentionally report data values that are not the actual values obtained;

b. I shall not intentionally report the dates and rimes of data analyses that are not the actual dates and
times of data analyses; and

c. I shall not intentionally represent another individual's work as my own.

lli. {.agree to inform Quanterra, Inc. (Laboratory) of any accidental reporting of
non-authentic data by myseLf in a timely mar.lIler.

IV. I agree to inform Qua n ter ra, Inc. (Laboratory) of 2lly accidental or intentional
repor..ing of non-auu~enticdara by other e~pioyees.

(Signature)

(Date)



AppendixE

Example Ethics Agreement

(Laboratory Name)

ETHICS A.1\ffi DATA INTEGRITY AGREEME1'i"T

I. L?A\)\ ~. s 'h ARX E 'j' (Name), state that I understand the high standards
of integrity required of me with regard to the duties I perform. and the data I report in connection with
my employment at On;:> n t- ;:>""""3, T DC, (Laboratory).

II. I agree that in the perfonnance a f my duties at
(Laboratory) :

a. I shall not intentionally report data values that are not the actual values obtained;

b. I shall not intentionally report the dates and times ofdata analyses that are not the actual dates and
rimes of data analyses; and

c. I shall not intentionally represent another individual's work as my O\\i'D..

III. tagreetoinform Quanterra, Inc. (Laborarory) of any accidental reporcingof
non-authentic data by myself in a timely manner.

N. I agree to inform Quan terra, Inc. (Laborarory) of my accidental or intentional
reporting of non-authentic data by othe:- ~:nployees.

(Signature)

(Date)



AppendixE

Example Ethics Agreement

OlJ3T:)t- o rr3r Toe

(Laboratory Name)

ETHICS At'ID DATA INTEGRITY AGREEJ\iIENl

:

1. L 6~) S (l ... "" l)Qv":: 0 5+ .- (Name), state that I understand the high standards
of integrity required of me with regard to the duties I perform and the data I report in connection with
my employment at On::> n tprr::> , Ini'. (Laboratory).

n. I agree that in the performance of my duties at
(Laboratory) :

a. I shall not intentionally report data values that are not the actual values obtained;

b. I shall not intentionally report th~ dates and times ofdata analyses that are not the actual dates and
times ofdata analyses; and

c. I shall not intentionally represent another individual's work as my OVVD..

ill. (.agree to inform Quan ter ra, Inc.
non-authentic data by myself in a timely manner.

IV. I agree to inform Ouanterra, Inc.
repor'..ing of non-authentic data by other ~ployees.

(Laboratory) of any accidental reporting of

(Laboratory) of any accidental or intentional

0£.l-.JV t,---k GiNne"~"~
'./ r

(Signature)

(Date)



AppendixE

Example Ethics Agreement

(Laboracory Name)

ETHICS AND DATA INTEGRITY AGREEl"lEl'iT

.-

1. 1.1<1, '" ii... f50- ,-lev (Name). state that1understand the high standards
of integrity required of me with regard to the duties I perform and the data r report in connection with
mye:nployrne:ltar nll;:OI"l~"'rr::>« T,.,c, (Laboratory).

II. I a!Z!ee that in the performa."1ce of mv duties at
(Laborarory): Qv.~J~' •

a. I shall not inte~tiona1lyreport data values that are not the actual values obtained;

o. r shal! not intC::lrionally report the dates and times of data analyses that are not the act'U2l dates and
times of data analyses; and

c. I shall not intentionally represe~t ancthe: individual's work as my O\Y"n.

m. tagreetoinform Quanterra, Inc.
non-authe:u!c data by myself in a timely manner.

IV. Ia~eetoi.Ilform QU2nter!'"a, Inc.
repor-J!1g of non-auu.1.c:ltic data by other eq:xployees.

(Laboracory) of any accidental reporting of

(L2.boracory) of any accidc:J.taI or intentional

(Date)



AppendixE

Example Ethics Agreement

(Laboratory Name)

ETHICS AND DATA INTEGRITY AGREL',lENT

l. l. -.1"3'-ocQk,,~.. \cQi DC~ . (Name), state that I unde:stand the high s-"",dards
of integrity ~quiredof mb wi~~ regard to~ duties I perform and the data I report in connection with.
mye:nploymenrac On::>'''-=-!'"!'"::>, Toe. (Laboratory).

II. I a~e:: that in the perfoml2Ilce ofmy duties at
(Laboratory) :

a. I shall not intentionally report data values that are not the actual values obtained;

b. I sh.a11 not intentionally fe?ort the dztes and times ofdata analyses that are not the acmal dates and
times of data analyses; and

c. I shall not inte::uionally represent mathe: individual's work 2.S my own.

ill. tagreetoinfor:!l Quanterra l Inc.
non-auto1.entic data by myself in a timely manne:.

Pl. I agree to inform Quar'.terra .. Inc.
reporting of non-aume:ltic d2.ta by othe: e_~ployees.

(Laboratory) of any accidental reporting of

(Laboratory) of any accidental or intentional

(Signarur

f/zrl9'i
(Date)



AppendixE

Example Ethics Agreement

(Laboracory N2JI1e)

ETIDCS AND DATA INTEGRITY AGREEMENT

'.

I. l, 1)A>I V S. ;-\",.<",-': (Name), state that I understand the high stmdards
of integrity required of me with regard ~o the: duties I perform. and the data I report in connection with
my e::nploymenc at 01';:> n '" ':> .. 1"';0, T,.., C , (Laboratory).

II. I agree that in the pe:formanc: afmy duties at

(Leboracory):

a. I shall Qot inte::lnonally report data values chat are not the actual values obtained;

J. I sh2ll not intentionally report the dates and times ofdata analyses that are not the acrual dates and
t:in:i.es of data analyses; and

c. I shall not inte::lriona!ly represent anothl:: individual's work as my own.

ill. tagr=:toinfor:n Quanter:-a, Inc.
non-authentic data by myself in a timely mar.ner,

f\t. I agre:: to inform Quante:-ra, Inc.
re;Jorting ofnon-authe:ltic data by ache: ~~ploye:s.

(Labora.cory) of any accidental reporting of

(Labora!ory) of any accidental or intentional

(Signewre)

I ! •

/
!

i

(Dare)



AppendixE

Example Ethics Agreement

(L<boracoq ,Vame)

ETHICS ."u'ffi DATA INTEGRITY AGREEMENT

L L.-..-.ll (WISE. 1, po Iii... (lVame). stzte that I understand the high standuds
ofi.ntegricy required of me with r:gard to the duties I perform and the data I re?ort in connection with
mye:nployme:u2.t QJl=nl-~l'"l'";>, Tnc, (L2.boracory).

II. I a~: thar in the penoI'!!!Z!lc: ofmy duties at
(Leborecoq) :

a. I shall not inre:nlon.ally report data valu.es tiw 2te not the actual values obtained;

b. I sr..all not ffite::ltiorlaliy report the dates and tiz:les of data analyses that are not the acrual dates and
t:i.I:nes of data analyses; and

c. I shall not intentionally represent ana the: individual's work as my O\l,o"!l.

m. tagreecoinform Quanter-t'a, Ir.c.
non-au.ther!tic data by myself in a timely manI1e!'.

1'/. I 2.E!'e: to L,.,.form Quantel';'ra, Inc.
re:,orting ofnon-auLl-J.e:ulc data by other :mployees.

(Laboracory) of any accide:::ual te;'lorring of

(Laboratory) of a.'1Y accidental or intentional

(Sign2rure)

(Dete)



AppendixE

Example Ethics Agreement

(Laboracory Name)

ETHICS AND DATA INTEGRITY AGREEi"IENT

1. L I_in.., e~--+D (Name), state that I understznd the high srancWds
of integriry required 'of me with regard to the duties I perform and the data I n:pot't in connection with
mye:nploymentat Ol,;a,.,~~rr;:l, T..,C. (Laboracory).

n. I agree that in the perfor.nanc~ afmy duties at

(Laboratory) :

a. I shall not inte::niona!.!y report data values that are nor the actual values obcai.ned;

... I shall not inte::1tionally report the dates and times ofdata analyses that are not the actual dates and
times ofdata analyses; and

c. I shall not inte:ltionally represent anothe: individual's work as my own.

m. tagreeroinforrn Quante:.-ra, Inc.
Ilon-authentic data by myse!f in a timely manne:'.

rv. I agree to inform Ouante!:"ra I Inc.
reporting of non-aut.1.e:1.uc data by ache:- e::oployees.

(Laboralory) of any accidental reporting of

(Laboratory) of any accidental or incenrioa.al

(Date)



AppendixE

Example Ethics Agreement

(Laborawry Name)

ETHICS AND DATA INTEGRITY AGREEMENT •

1. L &o~-rI, ~UZNY (Name), state that I understand the high ...and2rds
of integrity required of me with regard to the dunes I perform and the data I report in connection with
my e:np!oyme::lt at Qll;onr~"";:>' Tnr"', (LabOr2(ory).

II. I agree thac in the perfor.nance afmy duties at
(Laboratory) :

a. I shzll not intentionally report dara values dlat~ not the actual values obtained;

b. I sh.al.l not int~::ltionallyreport the dar~s and times ofdata a!l2.1yses that a.~ not the actual dates and
times of data analyses; and

c. I shall not intentionally rep~se:lt anoth:: individual's wod( as my O~1l.

m. I agree to infon:u. Quante:,t:'2., Inc.
non-allthC:ltic data by myself in a timely manne:.

rv_ Iagreetoinfon::1 Quanterra, Inc.
repor:-..l..Tlg of non-authe:lQc data by other~employe:s.

(Laboratory) of any accidental reporting of

(L2.boracory) army accidental or intentional

(Signature)

Ti
(Date)



AppendixE

Example Ethics Agreement

01l::lot::orr::>, I""'c

(Laboratory Name)

ETIDCS AND DATA INTEGRITY AGREEMDlT

•

I. I, J!es; H D;;>/lfv~ (1Ifame), state that I understand the high standards
of integrity required of me with regard to the duties I perform and the data I report in connection with
my e:nployment at Qll::>r'I~""rl'"::I, Toe. (Laboratory).

II. I agre~ L'lat in the performance of my duties at
(Laboratory) :

2.. I shall not inte:ltlonally repOrt data values tlw: are not the actual values obcaiIled;

b. I shall not intentionally report the dates and times of data analyses that are not the acmal dates and
times of data analyses; and.

c. I shall not int~ntionallyreprese:lt maehe: individual's work. as my own.

m. { a2're~ to infOlT.U Qua l"l te r t' a, I TIC • (Laboracory) of any accidental reporting of
non·authencic data by myself in a timely m2Ill.'"lcr.

rv. r agree to inform Quanterca. Inc. (Laboratory) afmy accidental or intentional
re;:or-Jng of non-authe:;,tic data by other ~:D.ployees.

(Signature)

(Da,e)



AppendixE

Example Ethics Agreement

(Labor2tory Name)

ETHleS AND DATA INTEGRITY AGREEiMENT

'.

I. I. Am 1/ ;1,1t CuIYI i C}: (Name). state that I unde,s-.and the bil!h s-.andmis
of integrity ~uired/ofm'e with regard to the duties I perform and the data r report in coan~tionwith
my e::nployment at QJl;o",t'O>.-l"""', T,.,c. (Laboratory).

n. I agree that in the performa:.'1ce afmy duri~s a~

(Labor2wry) :

a. I shall not intentionally report data values thar are not the actual values obtained;

b. I shall not intentionally rl:?0n the dates and times of data analyses that are not the ac!U2l dates and
ti..ri::l.es of data analyses; and

c. I shall not inte:ltionally represe:u anothe: individual's work as my own.

III. tagre-e to inform. Quantert'a. Inc.
non-aut.itentic data by myself in a timely manner.

Pl. Ia£!ee~oinforrn Quanterra, Inc.
re'Jor..in~of IlOn-aUL1.e:ltic data by other employees.. - .

(Laboratory) of any accide:ltal reporting of

(Labor2toq) of any accide~talor inte:ltional

(?}f'/XI Cc')c fY.,.rr~J.J<
/ 'J I

(Signature)

i.j..J-o-99

(Date)



AppendixE

Example Ethics Agreement

(Labor21Ory Name)

Ennes AND DATA INTEGRITY AGREEMENT

/
1. L t/ (Name). state that I understand the high standards
ofin[~griry req " d afme with regard [0 the duties I perform and the data r report in connection with
mye:npioymentat Qll::>,.,~;:>,....r;:&, Tnc. (Laboratory).

II. I a:,,"e~ that in the perfornlance afmy duties ar
(Laborarory) :

a. I shall not intentionally report data values t.Jut are not the actual values obtained;

I sh.2.ll not intentionally r:port the dat~s and times of data analyses that are not the acruzl dates and
times afdata analyses; and

c. I shall not inte::Lnol12..lly represe:'lt anothe: individual's work as myo'W"'t1.

m. tagree [0 infOI7.il Quante!'=-a. Inc.
non-autb.e:uic dzu by myself in a timely manne:.

IV. I agree to inform Quante!'ra, Inc.
repor-Jng of non-auw.'!c:lQC data by other :mploye:s.

(Laooralor/) of any accidental reporting of

(Laboratory) of any accidental or intentioaal

(Signature)

ret-;~I /9'1'1
(Date)



AppendixE

Example Ethics Agreement

(Laboratory Name)

Ennes AND DATA INTEGRITY AGREEi\<lENT

..

I. I, M 6£ c.e.' /..... STR.,). T (Name), s!ate that I understand the high SUndards
of integrity reqwred of me with regard to the duties I perform and the data. I repo~ in coo.ne:non with
C1y employment at Qll;:>nt-"='rr;>, Toe, (Laboratory).

II. I a:e: that in the perfor.:na.'1ce of my duties at

(Laboratory) :

a I shall not inte:luooally report data. values that are oot the actual values obtained;

b. I snallnoc intentionally report the daces and times of data analyses that a...-e not the actual dates and
t:i.I:les of data. analyses; and

c. I shall not inte~tionally r~rese~t mothe:- individt:.al's work as my own.

m. tagreetoir..,form Quanterra, Inc. (Laborarory) ofanyaccidenral reporting of
non-aut:.i.encic data by myself in a time!y manne:.

IV. Iagre:toinform Quantet"'ra, Inc. (Laboracocy)ofanyac::identalormcentiona!
reponing ofnon-aur.r.t:1e:ltic data by athe: ~ployees.

I
(Signature)

(Date)



AppendixE

Example Ethics Agreement

Ol]::lp!-o,.r", Inc

(Laboracory Name)

ETHICS AND DATA INTEGRITY AGREHdEJIlT

1. 1. /I:, ~A- (Name). state that I unde=d the hi!!h standards
of integrity required of me with regard to the duties I perform and the data I report in coc.ne::rioa with
mye:nploymentat Ou::>"!-""!"'.-::>, T"c. (Laborarory).

II. I a~ee that in the perfonn2..'1ce of my duties at
(Laboracory) :

2.. I shall not intentionally report data values that are not the acrual values obtained;

I shall not intentionally repOrt the dates and times ofdata analyses thar are not the actu2l dates and
times of data analyses; and

c. I shall not inte:::Ltlonally represent anoth::: individual's work as my OW"Il.

III. tagree to infOn:::i:1 QuaI"'.tet' 1:'2 , Inc.
non-authentic data by mysdfin a timely manne;.

IV. Ia:reetoinfornl Quanterra, Inc.
reporJng of non-authentic data by ather e,;nployees.

(Laboratory) of any accidental reporting of

(Laboratory) of any accidental or int::lrional

(Sigtl2.eure)

__i.L/Mjp'l...l"l _

(Dace)



AppendixE

Example Ethics Agreement

(Laboracory Name)

ETHICS AND DATA INTEGRITY AGREE!"IUjT

I. L mltgK. ULmeN (Name), state that I understmd the high standards
of'integrity required of me with rega..~ to the duties I perform ane! the data I report in connection with
cyemployme:ltat 011"' ... I-;-o"'''''''! Toe, (Labo[2cory).

II. I agree thaI in the pe:foffil2..'1ce of my duties at
(LaboracoC"j] :

a. I shall not intentionally report data values that are not the actu.2.l values obtained;

b. I shall not intentionally report the dates and times of data analyses that are not the actu..2l dates and
times of data analyses; and

c. I shall not intentionally represent anothe: iI:lciividual's work as my own.

III. tagree to infom: Quanter..-a. Inc.
non-authentic data by myself in a timely mann::.

rv. I ag:'"~ to inform Quanterra, Inc.
repOrting of non-authe:ltic d2t.a by other e_mptoyees.

(Labor2.cory) of any accidental reporting of

(L2.boracary) of any ac::identa! or mte::nioo.a!

(Signature)

(Dece)



AppendixE

Example Ethics Agreement

Ql1aVJrpr-'" , Tn ....

(Laboracory Name)

ETHICS AND DATA INTEGRITY AGREEMEJliT

1. l, :Jet.,,, 6rcJxr (Name), state that I unde:-stand the high SUndards
of integrity required of me with regard to the duties I pe:form and the data I report in connection 'With
myemploymencat 0Tl::>nr-:orr::,« Tnc. (Laboracory).

II. I a~e that in the pe:for.:Il2.!lce of my duties at

(Laboratory) :

2.. I shall not inte:luooally report data values that are not the acttW. values obczi.o.ed;

I shall not intentionally report the date:: and times of data analyses that are not the actual dates and
times ofdata ~vses; and

c. I shall not intentionally represent anothc:- individual's work as my own.

m. tagre: to infOr:u:l Quan ter ra, Inc. (Laboracory) of any accide:ltaI reporting of
nOn~allL.i.enticdat3. by myself in a timety manne:.

N. I agree to inform Qua n te:" ra, Inc. (Laboratory) of any accidental or intentional
repor-..ing of non-authe:ttic data by other e?ptoyees.

(Signarure)

1.\ -U-'1 'i

(Date)



AppendixE

Example Ethics Agreement

01l=nt::>r-I'"::> I .Tnr

(laboratory N211le)

Ennes AND DATA INTEGRITY AGREEMEl'iT

".

J. L -r;;: vy '" v LDk. 0 S (N211le). state that I undersWld the high standards
of integrity required orme with regard to the duties I perform and the data I report i!l conne:oon with
mye::nployment2.t Q1P"n,,"~l"'r;;>« Tnr, (Labor2rory).

n. I agree that in the performance of my duties at
(laboracory):

2.. I shall not iDt~::uional!y report data values that~ not the actual values obt2ined;

b. I shall not inte:ltionally repoIt the dates and times of data analyses that are not the actual dates and
t:i.I::i:les ofdata analyses; and

c. I shall not inte:ltionally represe:lt anothe:- individual's work as my own.

m. tagree to inform Quantet't'"a, Inc.
non-authentic data by myself in a timely manne:-.

IV. I agree to infornl Quanterr-a; Inc.
re?or-illlg of non-authentic data by other e~ployees.

(laborato1j1 of any accide:>ta! repor.ing of

(laboracoq) of any accidental or intentional

(Dace)



AppendixE

"E'.xampIe Ethics Agreement

(Laborawry Name)

ETHICS AND DATA INTEGRITY AGREThIEi'iT

1. L W8l- i'JiI<L~.-I: (Name), state that I unde:stand the high standards
ofin[e~ry r:quired of me with rega..'\i to the duties I pe:fort:il and the data I report in connection with
my e::nploymcc at Qn.:ol"lr~"",::o: T.,,.., (Laboratory).

II. I agr:: that in the pe:forzIl2nce of my duties a!

(Laboratory) :

a. I shall not tnte:uionally report data \o'a.!ues that~ not the actual values obtained;

o. I shall not intotionally re?ort the Cates and times of data analyses that are not the actual dates and
times of data ar:.alyses; aI!c.

c. I shcll not inte:ltionally represe:!t anothe: individual's work as my O""'!l.

ill. {.agree to infor:;:::;:r. Quanter~a, Inc.
non-aut:.l.e:l.tic ciata by myself in a timely manne:,.

IV'. Ia~:[oinfor:n Quante:.-ca. Inc.
repcr-J,ng ofnon-authe::tic data by other employees.

(Labo[2ror;r) of any accide:lc.al reporting of

(Laboratory) afany accide:Ha! or inte:1tional

(Sign2.rure)

(Date)



AppendixE

Example Ethics Agreement

(LabOr21Ory Nane)

ETHICS AL'iIJ DATA INTEGRITY AGREEME,YT

1. 1. Ea.. c.. s, \q \\..c.S'2... (Name). state that I undersrmd the hi~" stand2IC!s
of inte,griry required. of me with. reg-dCi to the duties I perfor.:!! and the: d.a!a I report in cocne::non v.ith
my e:nplo)'Ule:n at f11l.2""~"''':--::O, T.,,... (Laoott!.cory).

II. I agr:: that in the pcior:!lanc: of my duties a!

(Labor2!ory):

a.. I shall [lOt inte::ltionally repOrt data ..-alues that ue not the actlm values obtai!!ed;

..,. I sh.a!.l not ince:J.tionally report the dates az:.d times of d.2.t2. cm.alyses that are not the actu2l dates and
tiI::i::!.es of data azlalyses; me.

c. I shcll not ir:te:::!.oonally re;>rese:1.t 2..."lothe: mdividU2l's work c.s my aVon.

m. l.agre:toinform Quanterr:2., Inc.
non·a.uti:e::lcic data by royse!f in a timety mann::.

IV. r ag:-:e to infor::n Ouantel:=a, Inc.
r::?or~g:of non 4 autb.e:i.dc ~ta by orne: e:n.ployees.

(Labo!"2mry) of any accide~ul reporting of

(L:boracory) of any accidental or ince::ltiona!

(Signature)

(Date)



AppendixE

Example Ethics Agreement

(LabOr2lOry Name)

ETHICS AND DATA INTEGRITY AGREEME~'T

1. 1.~ 1?~~ (Name), stare tha! I ~de"tand the high ~daIds
of integrity required of me with regard to the duties I perform and the data r report in connection with
my employment at Q1}.:>nl-"',-r"', Tnc. (Laboratory).

II. I a:re: that in the performance cfmy duties at
(Laborarory) :

a. I shall not intentionally report data values that ar: not the actual values obtained;

I shall Dot intentionally report the dates and times of data analyses that are not the acrual dates and
rimes of data analyses; and

C. I sr;.2.11 not intentionally represe::lt ana the: individual's work as my O'N"'D.

m. tagreetoinfor.n Quanterca, Inc.
non-authe:1tic data by myself in a timely manner.

IV. Iagr~roir1onn Quanterra, Inc.

repor-Jng ofnon-authe:ttic data by athe: ~ployees.

(Laboratory) of any acc:de'ltal reporting of

(!..2.bOr2COrj) of any accide::ltal or intentional

(Signarure)

(Dare)



AppendixE

Example Ethics Agreement

(L2boracory N21Ile)

ETHICS AND DATA INTEGRITY AGREEMENT

I. l, Dr!\c:lo~(;)'\\\:e.~ (N21Ile), state <har I~de=d the high stand2rds
of integrity ·requ.ired~IIie v.ith regard to the duties I perform and the data r report in coc.n~tion \Vim
my employme::lt at Q"::>~!-_""""::> [ Tot"" , (Labo(2{ory).

fi. I agree that in the performance of my duties at
(Laboratory) :

a. I shall not intentionally report data values that are not the actu.a.! values obtained;

b. I shall not inte:J.tionally report the dates and rimes ofdata analyses that are not the actual dates and
times of data 2.!:!.alyses; and

c. I si-...all not inte:i.tionally represe:lt anothe: inCividual's work as my own.

ID. tag:ee to infon:n Quanter'ra I Inc.
non·authentic tiatJ. by myself in a t:i..mely man.I.'"le:.

N. Iagreetoinform Ouante=ra, Inc.
repo~ingof non-authe:ltic data by ache: ~ploye:s.

(Laboracory) of any accidental repor~ing of

(L.2bor2rory) of any accidental or intentional

(Signature)

~·jo~
(Date)



AppendixE

Example Ethics Agreement

Qll~nt- .. r ... " [ T.,,..

(Laboratory Name)

ETffiCS AND DATA INTEGRITY AGREEi\1E!'iT

1. I. / FE I\JGUJ,\I':':5 (Name). Slate that 1 undermnd the high standards
of integriry required of me with regard co the duties I perform and the data I report in connection with
my employment at Q!I:>Ot- ........ 3, r",,.., (Laboratory).

II. I a~ee that in the performance of my duties at
(Laboratory) :

a. I shall not inte::lrionally report data values that are not the actual values obtained;

I shall not L.'"ltentionally report the dates· and times of data analyses that are not the actual dates and
times of data analyses; and

c. I shall not intentior..allv r:':Jrese:t[ anoth::: individual's work as mv own.. . . ~

ffi. tagreeto infOrtil Quanter~a, Inc.
non·auu.i.emic data by myself in a timely manne:.

N. r agree to inform Quante::-ra, Inc.
repor-..ing of non-authec.tic data by ache: employees.

(Laboracory) of any accidental reporting of

(Laboratory) of any accide::J.tal or intentional

/~'l '
(Signature)

(Dace)



AppendixE

Example Ethics Agreement

(Laboracory Name)

ETIileS AND DATA INTEGRITY AGREL\1ENT

1. l, lou, G A"c. '" (i: (Name). state thl!ll unde=d the high sUndards
of integrity required of me with regard to the duties I pe:foIUl and the data I report in cotlIl~tion 'With
my e:nploymenr at Ql1:>n~"'r"'=! Tnc. (L;:,bo{'2cory).

IT. I a~e: that in the performance of my duties at

(Laboracory) :

a. I shall not intentionally report data values that are not the actual values obtained;

b. I shall not inte::ltionally repOrt the dates and times of data analyses that are not the actu2..l dates and
times of data analyses; and

c. I shall not intc::.tionally represent anothe:- individual's work as my own.

ill. tag!'e~ to inform. Quante=~a, Irlc.
non-aut.l,.encic data by myseifin a timely manne:.

IV. I agree to inform Ouante::ra, Inc.
repor..ing of non·aUL.1.c:::ltic <W.a by ache: ~ployees.

(Laboratory) of any accidental reporting of

(Labora-cory) afmy accide::ltal or intentional

i~~
(Signature)

(Date)



AppendixE

Example Ethics Agreement

Q1I"'otprr::>. T,.,r

(Laboracoq ;Vame)

Ennes AND DATA INTEGRITY AGREEMENT

1. L~:::" h,pr= C-x25 (Name), s",te thai! undernand t!:le high standards
of integrity required of me with rega.re to the duties I perform and the data I reporo in cOIl!l~tionwith
mye::nployme:lt2t 0""",,,,,,,,"1""::>, Tnc. (Laboratory).

II. I a:ree tr..at t.."1 the performance of my duties ar
(Laboratoq) :

a. r shall not intc:luooally report data values that are not the actual values obtained;

I shall Qot inte~tionally re;l0rt the dates az:.d times of data analyses th2.I are not the acrual dates and
times of data analyses; and

c. I sr~l not intentionally represc:lt ana the: iIldividual's work as my own.

m. I.agree to i..."1form Quantecr-a, Inc.
non-au.~'e:lricdata by myself in a timely mannc:.

rv. r agree to L'lfotL:l Quan terra, Inc.
repor..mg: of oon-authe:1Cic data by other ~::lployees.

(Laboratory) of any accidental reporting of

(Laboracory) of any accide:ltal or intentional

~,
<:1=

(Signanll"e)

(Dare)



AppendixE

Example Ethics Agreement

(Laboratory Name)

ETHICS MID DATA INTEGRITY AGREL\1Et'lT

L l, ----KCI '/1\'\ Eill th hJ(Y) (Name), stale that I undermnd the high stmd2rds
of integrity required of me with regard Co the duties I perform and the d.2.ta r report in cOIlllection with
my employme:lc2.t Q11~I'lt-~rr::o. Tnc. (Laboratory).

n. I 2.~ee that in the performance of my duties at
(Laboratory) :

a. I shUl aot inti::ltionally report data values that ue not the acru.al values obtained;

b. 15hz.!! not intentionally report the dates and times of data analyses that are not the acr..z..al dates and
times of data analyses; and

c. I shall not intentionally r~resent anothe: individual's work 2.S my 0'.11"0..

ffi. tagre~toinform Quanterca, Inc.
non-authe:uic data by myself in a timely manne:.

Pl. I a£!'ee to inform Quante=J::2., Inc.
re':lortin~of oOn-aUtL1ennC data bv other.cmoloyees.. - '. .

(Laoorc..mry) of any accid~tal reporting of

(Laboracocy) of my accide:ltal or intentional

(Signa.{1J.re)



AppendixE

Example Ethics Agreement

n'}:::on+-prr;:o , Tnc

(Labor2wry Name)

ETHICS AND DATA INTEGRITY AGREE."rEi'jT

'.

1. 1. N0...J,-~o P: ~\r(L S (Name). state that I undemand the high ...mc!m!s
of integrity required. ofme with regard to the duties I perform and the daca I repo~ in connection 'With
my employment at QJl"'nt-~r1"";:>, Toe. (Laboratory).

II. I agree that in the perfor.n2I1ce of my duties ar
(Labor2wry):

a. I sh2.l1 not um:c.tionally report data values that are not the actual values obtained;

..J. I shall not intentionally report the dates and times of data analyses that are not the acrual. dates and
times of data analyses; and

c. I shall not inte::ltionally represent anothe: individual's work as my o\1ln.

m. tagreetoinform Quanterra, Inc_
non~allt.J,.enticdata by myself in a timely manner,

IV. Iagreetoi..,form QuanteJ:ra, Inc.
repordng of non-authe:1tic data by ome: e,?ployees.

(Laborc.cory) of any accidental reporting of

(Laboratory) of any accide:::Ltal or intentional

(Signawre)

(Date)



AppendixE

Example Ethics Agreement

(Laboratory Name]

ETHICS ."-.ND DATA INTEGRITY AGREEMENT

'.

l. L :fa IJ fJV.:J?-FfE7lDwf... (Name). state that I understand the hi::" =dzrds
ofinte~ty required afme with regbri co the duties I pe:foti.Il and the data r n:?on: in coon~tion 'With
mye:::n.ployme=.tat o"",.,!- ... !"'"!"'":>, T"..... (Labo(2cory).

II. r 2.=,"ee that in the pe:iarmance ofmy duties at
(Laboratory] :

a. I shall Clot inte:It!ona!ly repc:'! data values that are not the actu.2.l values obtained.;

b. I shzl! not ince:rtiona!ly report the dates and times of data analyses thar are not the actl..!.2.l dates and
t:i:L:Les ofdata analyses; 2Ca

c. r shall not intentionally represe:lt ano6e: individual's work as my 0""11.

m. tagree to infOCl Quante:'~a, Inc.
non-auu.1.entic data by myse!f in a timely manne:.

IV. ragre~toi.nfor::1 Quante=::a, Inc.
reporting: of non-authe::cic data by ache: cployees.

(Laboratory) of any accideutal reporting of

(Laboratory) of any accide::ltal or inte:ltlonal

Q,I\&~
I I I V
\J (Signature)

(Date)



Apr-20-99 12:0SP quantQrra pa~ro"
Ar~ ~w ~~ ,._~•. ~ L~ _

AppendixE

Example 'EUl1c:s Agreement

a"."~er-, , t.,_

(Labo{3tOIjl Name)

ETHICS k"TI DATA 1l'<-n:GRITY ACREEMENr

303 796 2746

.,

".

P.02

L 1. ("' h0 ~ t i " -",- '" .f.:.'.,' (N=..). "Uto dut I u:de..,..-A t!lo his!> 1Wld.ards
ofir.teg.ric:" required ofl:"',e v.:i.4. regurl ro the duties I pmon::l.1I:d d:!.e daC::l r rernr: in ~ormec!i.on with
mYet':!ployr.:e::'lt at C,t p' .. ..,.,.. .. a, Tl"'- a..aocratC1CY).

II. ras:-=-:: t..1at In tbe pe:::cm1ance afmy d'Jties at Cit ..... .." t~· f"-. I"l"" C

(IabQliCOr:-:I:

L I sb:J.ll Me !nte:tticnally re;or.: data valu.es thac ~~ not the it:tua! values obtaiI:ed;

,. I still r:ot intodc::l2.!!Y report the c!a.{:-~ a.."ld times of c!au amuyses ~t arc nor the actual dot!:es az:l!
t:m.C'S ofdatz. analY3cs; a:~d

m. I_l!.Jr:e~oinfcrn: Qt:ar.ter:r:a. Inc.
r".oQ-IlJthe:-:t:c d.a~ by o;:se!fin 2. tioe!y ma..c..ne':'".

IV. Iagr~etoinfon:-: Quar.te:ra, Irtc.
Tepcr"..i;:s of cor.-3ut..'!e:...:c data by otr.e=- eo=nplcye:3.

llab'Jril1ory) of tty oe:ide:!tal repotti1lg of

(Laboratory) of a.'1y acciden!:>.! or u,t:nllona!

(D.,e)



AppendixE

Example Ethics Agreement

(Laboratory Name)

ETIDes AND DATA INTEGRITY AGREEi\1ENT

I. I. La,UJa ~,lr-z:i ill,} (Name). state that I understand the high standards
of integrity required of me with regard to the duties r perform and the data I report in connection with
my employment at Q1J;:Inr""rr:=>« Tnc, (Laboracory).

II. I a~:e that in the perfoCl2.nc: of my duries at
(Laboratory) :

a I shall not inte:::tnonally report data values that are not the acrual values obtained;

b. I shall not intentionally report the dates and times of data analyses that are not the actu2l dates and
times ofdata analyses; and

c. I shall not inte::uionally r~resent anothe: individual's work as my OVID..

m. tagre:toinform Quante:ra, Inc.
non-auLl-te:ltlc data by myse!f in a timely ID.aru:!.e:.

IV. Iagre:coinform Quante:'ra, Inc.
rep0r"Jng of non-authentic data by ache: .e::t;Ployees.

(Laboratory) of any accidental reporting of

(Laboratory) afany accidental or intentional

(Signature)

(Dete)



AppendixE

Example Ethics Agreement

(Laboratory Name)

ETHICS AND DATA INTEGRITY AGREEMENT

1. l, S"~ '- 1::" ~ oJ. 0 ~ " ~t (Name). state that I ~derstand the high standuds
of integrity required. of me with regard to the duties I perform and the data [ repoIL in connection with
myemployme:ltat Q1j;>"~"'1""r"', Toe. (Labor2cory).

II. I agree that in the perfoITI!2D.ce of my duties at
(Laboratory) :

a. I shall not intentionally report data values chat: are not the actual values obtained;

J. I shall not intorionaliy report the dates and times of data analyses that are not the actual dates and
times of data analyses; and

c. I shall not inte::ltionally represe:n anothe:.- individual's work as my own.

m. tagre: to inforw. Quanterra, Inc. (Labor2cory) afmy accidental reporting of
non-aut.lte:luc data by myself in a timely manne:.-.

rv. I a£!ee to inform Qua:1 tee ra. Inc. (Labor2!Ory) of any accidental or intentional
retlo~..ing of Qon-authe:lQc data by ache:- ~ploye:s.

(Date)



AppendixE

Example Ethics Agreement

Qll"'ntprr::> , TrI ....

(Laboratory Name)

ETHICS AND DATA INTEGRITY AGREEMEl'IT

I. I. )(qvi.o 1'1 'il." :e./ (Name). state that I understand the high ..",,<lards
of integrity required of me with regard to the duties I perform and the data I rc?on in connection 'Hith
my e::nployme::lt at On ,:or' ~ '" r 1""::>, T., C . (Laboracory).

n. I agree tfl..at in the perfonnmce of my duties at
(Laboratory) :

a. I shall not intentionally report data values thaI 2Ie not the actual values obtained;

be I shall noC intenrionzlly report the dates and times ofdata analyses that are not the acnLal dates and
times of data anzlyses; and

c. I shall not inte:ltionally represent anothe~ individual's work as my O~"".J..

m. tagree to infOrtLl Qua n te r r a, I DC. (Labore,cory) of any accidental reporting of
non-authentic data by myself in a timely rna.'1Ile:.

!\t", I a~ee to inform Quan terra, Inc. (Laboracory) of any accidental or intentiot12l
repor-..iI!.g of non-auto;'::::!.!:!c data by ache: ~ploye:s_

(SignatJ.lre)

(Date)



AppendixE

Example Ethics Agreement

(Laboracory N=e)

ETHICS Al'iD DATA INTEGRITY AGREE,\fE.L\fT

l. L (,tv..... 401'J.:J1A. (N=e). state that I understand the hi";' s-.andards
of integrity required of me with regard to the duties I perform and the data I report in connection with
my employment at Oll;:on~"'rr"", Tn..... (Laboracory).

II. I a~~ u~I in the pe:formance of my duties at
(Laboracory) :

a. I shall not inte:lCionally report &t2 values that are not the actual values obtained;

I sr~ not intentionally report the dates and times of data analyses that are not the actual d2.tes and
ti:n.es of data analyses; and

c. I shall not inte:1tion.ally represent anothe: individual's work as my oW'U..

ilr. l.agre~ to inform Quanter:a, Inc.
non·authe~ticdata by myself in a timely manner.

IV. Iagretoinform Quanterra, Inc.
reporting of non-authe:luc data by orne: e~ployees.

(Laboracor/) of any ac::idental reporting of

(Laboracory) of any accide::ual or intentional

(Signacure)

(Dace)



AppendixE

Example EdUes Agreement

(Laboracory Name)

ETmCS~~TIDATA~GRITYAGREb~~~!

I. I, l.J5t/5';.1. VA-Ai i!1/k-~ (Name), slate thall underotand the hiszh standards

of integrity required of mc with. regard co the duties I perform and the data I repor.: in connection with
my employme::ltac Q1]","~~rr"". T,.,c. (Laboracocy).

n. I a.~e that in the performance of my duties at
(Laboratory) ;

a. 1 shall not inte::lrionally report data values that are not the actual values obtained;

b. I shall not intentionally report the dates and limes ofdata 2.!12lyses tl:l2.! are not the actual dates and
times of data 2Dalyses; and

c. I shall not intentionally represe:1t another individual·s work as my 0""11.

m. tagreetoinform Quante:"c2., Inc.
non-authentic data by myself in a timely manne:.

1'./. I agree to inform Quanterra, Inc.
reporting of non·authe:1Cic data by other ~ploye~.

(Labor2.corf} of any accide:ltal reporting of

(Laboracor/) of any accide:ltal or intentional

/

(Da,e)



AppendixE

Example Ethics Agreement

(Laboratory Name)

ETilles AND DATA INTEGRTIY AGREH.1ENT

1. r.
(.
TOr (Name). state that I underst:!Ild the high standards
'th regard to the duties I perform and the data I report in connection with

Qll~"""rl"'::1 t Toe. (L2.DOracory).

II. r a~e thaI in the performance afmy duties a~

(Laboratory) :

a I shall not intentionally report data values that are not the acrual values obcai.ned;

I sh.all not intentionally report the dates and rimes of data analyses that are noe the actual dates and
times of data analyses; and

c. I shall not in.tentionally represe:1t anethe:, individU2.l's work as my own.

ill. tagreetoin!orrn Quantel:'ra, Inc.
non-authentic data by myself in a timely manner.

IV. I a£I'~ to inform Quanterra, Inc.
reporting afnon-authentic data by ocher employees.

(Laboratory) of any acdde::ltal reporting of

(Laboratory) of any ac:idental or intentional

(Date)



AppendixE

Example Ethics Agreement

(Laboratory Name)

Ennes AND DATA INTEGRITY AGREEMENT

l. I, :kJJ~JeL (' m<. C!w~.i (Name), state tb2.t I undetstand <he high standzrds
of integrity required of me with regard to the/duties I pe:fonn and the data I report in connection with
mye:nploymentat Q!J::>I"Il....:orol""::> .. Toe. (Labor2.rory).

II. I a~e: that in the performance of my duties at

(Laborarory):

a. I shall not intentionally report data values that: ar: not the actual values obtained;

b. I shall not intentionally r~ort the dates and times of data. 2Il2lyses that are not the actual dates and
times of data analyses; and

c. I shall not inte:lnonally represent anethe: individual's work as my ovm.

ill. l.agreetoinfarw Quanterra, Inc.
non.. aume:ltic data by myself in a timely mar.ne:.

N. IagreetoiP..form Quantarra, Inc.
repor.ing of non-aut:.i.e:uic data by ame: etLJ.ployees.

(Laborc.rory) of any accidental reporting of

(Labor2cory) of any accidental or inte:ltional

.i/. tV -5')

(Dare)



AppendixE

Example Ethics Agreement

Qll::loterr::.. Inc

(Laboratory Name)

ETHICS AL'ID DATA INTEGRITY AGREE."IENT

..

1. L 71,0"""" Co 5<0- 0

/(,,- (Name). state that I unde=d the highstandaIds
of integrity required of me with. reg"rd to the duties I perform and the data I report in connection with
mye::nploymentat Q1];1111-.,."1"'=. To.-. (Laboratory).

II. I agree tbzr in the perforn:l2D.ce of my duties at

(Laboratory) :

2.. I shall not inte:loonaIly report dat:2. values that: are not the actual values obtained;

._ I shall not intentionally report the dates and times of data analyses tb.2.t are not the actual dares and
times ofdata analyses; and

c, I shall not inte:ltionally represe:lt anothe: individual's wor!< as my O\VD..

III. ~ awe: to inform Quan te t'" ra, Inc.
non-authentic data by myself in a timely manne:.

IV. r agree to inform Qua" terra, Inc.
repor-..ing of non-authe:lQC data by other e,r:tployees.

(Laboratory) of any accide~tal reporting of

(Laboratory) of any accidental or intentional

(Signature)

(Dace)



AppendixE

Example Ethics Agreement

(Laboratory Name)

EnnCSANDDATA~GRITYAG~~ffiN!

L L kif u'!AM 1< (10 rdd ( (lVame). sute that I unde:srand <he high staIlduds
of integrity required of me 'With regard to the duties I perform and the data r report in connection with
my e:nployme:u at OlP rd' <:>rr::> , Tl"lC. (Labor2cory).

II. I a,:r:e that in the performance of my duties at

(Laboratory) :

a. I shall not intentionally report data values that are not the actu2l values obtained;

b. I shall not intcnrionzlly report the dates and times of data analyses that are not the actual dates and
times of data analyses; and ...

c. I shall not intentionally represent anothe: individual's work 2.S my own.

m. tagreeroinfon:il Quanterra, Inc.
non-autItentic data by myself in a ti.mely manne:.

rv. I agree to ifl..fonn Quante:'ra, Inc.
reporting of non-authentic data by other e'Flptoyees.

(Laboratory) of any accidental reportiIlg of

(Labora(ory~of any accidental or inte::luonal

(Signacure)

(Date)



AppendixE

Example Ethics Agreement

nll::> 0 +-<",r-::> , Tn'"

(Laboratory N2JI1e)

ETHICS AAlJ DATA INTEGRITY AGREEMENT

l. l. ~EfH D. GR?v0,1 (JV2JI1e). state thzt I unde:-stand the high standards
of integrity required of me with re~..rd [0 the duties I perform and the data I report in connection with
my employment at Q,';;>n~e""r::>« rnc. (Laboratory).

IT. I a~ee that in the perforrrIaIlce of my duties aI

(Labor2tory) :

a. I shall not inte:::ltionally report data values that are not the actual values obtained;

I shall not inre:::l.oona!ly report the dates and tiIiles of data analyses that are not the actual dates and
times of data analyses; and

c. I sr!3.l1 not inre::ltionally represe!lt anothe:- individual's work as my OVID..

m. l.agre:: [0 inform. Quante~['a, Inc.
non-authentic dar:!. by myself in a timely mar-one:-.

Pl. I agree to inform Quanterra, Inc.
re:Jortimz ofnon-aurhe:llic data bv other emoloyees.. - ~ - .

(Laboracory) of any accidental re;rorting of

(Labor2cory) of any accidental or intentiooal

(Signarure)

-1-80 -19__
(Date)



AppendixE

Example Ethics Agreement

(Laboralory Name)

ETHICS AND DATA INTEGRITY AGREEi"fENT

l. L xnn &r A. (;; ,-0rel (Name), state that I unde=d the high standards
of integrity required of me: with regard to the duties I perform and the data I report in connection with
my employme::lt at Ou:::lnr .... ,..,..'. T..,C. (Laboracory).

II. I agree that in the peri"ormance afmy duties a!"
(Laboralory) :

a I shall not intentionally report data values that are not the actual values obtained;

b. I shall not intentionally report the dates and times ofdata analyses that are oat the actual dates and
times of data analyses; and

c. I shall not intC:ltionally represent anothe: inc!ividual's work as my O\V:l.

m. l.agree to inform Quanterra, Inc.
non~authenticdata. by myself in a timely mznner.

['-i. Iagreetoinform Ouanterra, Inc.
repor..mg afnon-authentic data by other e~ployees.

(Laborarorj) of any accidental reporting of

(Laboratory) of any accidental or intentional

(Dale)



AppendixE

Example Ethics Agreement

(Laboratory Name)

Ennes AND DATA INTEGRITY AGREL\1ENT

I. l, \jLm.~~ (Name). state that I undersWld the high standards
of integrity required of me 'With regard to the duties I perfoIiIl and the data r report in connection with
my e:nployment at QI};I"fo"~~r-:>, Tn,-, (Laboratory).

II. I a~ee th2.t in the performance efmy dunes at

(Laboratory):O~

a. I shall not intentionally report data values that ax-: not the acrual values obtained.;

I shall not inte:ltionally report the dates and times ofdata analyses that are not the acrua1 dates and
times of data analyses; and

c. I shall not intc:ltionally r~rese:lt another individual's work as my own.

m. tagreetoinform Quantert'a, Inc.
non-authe:ltic data by myself in a timely manne:".

IV. ra~etoin.form Quanterra, Inc.
repor-.ing ofnon-authe:ltic data by other :mployees.

(Laborccory) of any accidental reporting of

(Laboratory) of any accidental or ;"t""tional

(Signature)

./-2D -99

(Date)



AppendixE

Example Ethics Agreement

nl1~!1f-OI'""'" .T..,,...

(Laboralory Name]

ETHICS AND DATA INTEGRITY AGREEMENT

1. I, K"v( tIu f7!-;f ') (Name]. staee that I unde=d the hi!Zh standards
ofiJ:r:gricy~ of me v-ith reguC to the dwies I pcior:iIl and me data I repor.: in conn~tioIl with
my e......ployrz:.e=.t at O"::>'" ~"''''''''' T",,.... (Laboracory).

ll. I a~: that in the pe:forLi.lc"ce of m:-' 6!.ties at
(!.2bor2rory): Q l,./.::l.-../"'/<.='"J.e.--=.-4 ::z:;;.rc.

2.. I sb..2.l1 !lot mte:ltionally r:por.: data values that are not the ac:ua! values obt2.i!led.;

b. I shall not inte:l.tionally repor<: the ciat~ and. iiI:;:;,es of data m.zlyses thz.I are not the actual d.2!es and
ti:!::i:les ofdata a!!2lys.:s; and

c. I shall not U:::.ce::tionally represe:u cu:.cthe: mciividu.al·s wor:< as my own.

III. tagreetoinforu Quar,tet':':', Inc. (Labotacory) of my acciden.tal re;:orriI!.gof
non~aut..~e::tic data by tilyself in 2. time::, m2.rl.ne::.

IV. I a~: to inform Qua t". te:: roc, Inc. (Labota!Ory) ofany accide:l.~ or intentional
reporing of non 4 2,uthe:ltic data by orbe:: e:iJployees.

(Signzrure)

(Dece)



AppendixE

E:campIe Ethics Agreement

On:or;t- ........ '" , .T,.,.-

(Laboratory N21JJe)

ETHICS AND DATA INTEGRITY AGREEMENT

L L--+-1LJi!£,'-~-!i:.,?-"-"-~L.S~=:-: (N2!Ile), state that I unde",mc! the high standards
of izltegrity requir of me with regard to the duties I perform and the d2!.a I report in cOnIl~tion with
myc:::!ployt:U.crat Qll:::>~"~"'l"';:O« T ... ,-, (Laboratory).

n. I a~: that in the pe:formanc: of my C.ilti~ at
(Laborarory) :

a. I shall aot mte::lnona!!y repor: data values that are not the acrua! values ooca.med;

J. I sb..all not i.:ltotiooally report the dates and tiI:i:!.es ofdata a!l2lyses t:h2.! are not the zcru.al dates and
tiJ::es of dat>. :mclyses; and

c. I shall not iI:.i:e::ltioc.ally r=?rese:lt 2I:.cme: iIldividual's work as my own.

m. I.agreetoinfor:u:l Quantel:':':', Inc.
D.on~allthe::l.ticdata by myself in a timety manne:.

IV. Ia:,"eetoin!orm QU2.t"!.tet"ra, Inc.
repor"'.i!lg of non-autb.e:ltic data by ache: ~loye:s.

(Labo!"2.rory) of my ac:::de:ltal r:porting of

(LaCO[2rocy) of any ac:ide:ltcl or intentional

(Date)



AppendixE

Example Ethics Agre.ment

a.abon!cory Name)

ETHICS AND DATA INTEGRITY AGREEil,lENT

l. I.?tCJ.-!12 /~ -:J: t.1-t1'? ,Yt.. 1. (Name). state that I understand the lligh standards
of integrity required ofme with regard [0 the duties I petfornl and the data r report in connection with
mye:nployme:lt at Oll::>n!-"H"I"';:l, Tnc, (Laboratory).

II. I agree u.'at in the perfoI'1Il.2.nce of my duties a!

a.abon!cory) :

a. I shall noC intentionally !e?0rt data values that iL""e oot the actual values obtained;

b. I shall not intentionally report the dates end times of data analyses that are noe the actual dates and
times of data analyses; and

c. I shall noe intentionally represent anothe: individual's work as my own.

ID. l,agree to inform Quanter ra, Inc. (Laboratory) of my ac::idental reporting of
non-aut.1.cnric data by myself in a timely manne~.

I'V. I agree to inform Qua n ter ra. Inc. (Labor2cory) of any accide::uu or intentional
reportL?1g' of non-authentic data by othe: ~mployees.

(Dace)



AppendixE

Example Ethics Agreement

(Laboratory Name)

ETllles AND DATA INTEGRITY AGREEMENT

•.

L L $h£/iil{L A""1174N (Name). state thzt I understand the high standards
of integrit"f required of me with regard to the duties I perform and the data I report in connection with
myemployme:ttat Ql]::>"r~.. r=! Toe. (Laboratory).

II. I agree that in the performance of my duties at
(Laboratory) :

a. I shall not intentionally report data values thaI~ not the actual values obtained;

"'. I shall not intentionally repoIt the dates and times of data analyses that are not the acmal dates and
times of data analyses; and

c. I sr..all not intentionally represent ana the: individual's work as my own.

m. tagreecoinform Quanter::-a, Inc. (Laboracory) of any accidental reporting of
non-aut.'"J.ennc data by oyse!f in a timely manner.

IV. I agree to ir-for:n Qua n t e t' ra, Inc. (Laboratory) of any accidental or intenrioaal
reporting of non-authe:uic data by other.7mployees.

(Dace)



AppendixE

Eumple Ethics Agreement

(Laborarory Name)

ETffiCS AND DATA INTEGRITY AGR..EE"fENT

--

L L (, \ c., k. ('2, '1/ <:S (Name). state that I understand the high standards
of integrity required of me with regard [0 the duties I perform 2.!ld the data r report in conne::tion with
mye:nployme~lt2.t Q'l;:o"~"" .. r;:o, Toe, (Laboratory).

n. r2.~e: that in the perfarnw:tce of my duties at
(Laborarory) :

2... I shall not intentionally report dat2. values that~ not the actual values obtzined;

b. I shall not intention.ally rl:?0rt the dates and times of data analyses that are not the actu2l dates and
times of data analyses; and

c. I shall not intentionally represent 2I1othe: individual's work as my own.

m. tagre:: to inform Quan ter ra, Inc. (Laboratory) of any accidental fe?orring of
non-c:.uthennc data by myself in a timely m2.IUle:.

rv. I a~ee to inform Qua n t erra, Inc. (Laboratory) of any ac::ident2I or lntQrioaaI
rc?orting of non-authe::ltic data by ot.~er ewploye:s.

(Signature)

/
"I ';'0

(
(Dace)
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1.1 This method is based upon SW846 8270C, and is applicable to the determination of
the concentration of semivolatile organic compounds in extracts prepared from solid
and aqueous matrices. The modifications presented in Attachment A may be
followed for analysis of wastewater following method 625. Direct injection ofa
sample may be used in limited applications. Referto Tables I, 2, 3 and 4 for the list
of compounds applicable for this method. Note that the compounds ¥e listed in
approximate retention time order. Additional compounds may be amenable to this
method. If non-standard analytes are required, they must be validated by the
procedmes described in section 13 before sample analysis.

1.2 The following compounds may require special treatment when being detennined by
this method,

• Benzidine can be subject to oxidative losses during solvent concentration and
exhibits poor clucmatography. Neutral extraction should be performed if this
compound is expected.

• Hexachlorocyclopentadiene is subject to thermal decomposition in the inlet of the
gas chromatograph, chemical reaction in acetone solution, and photochemical
decomposition.

• N-Nitrosodiphenylamine decomposes in the gas chromatographic inlet and cannot
be distinguished from diphenylamine.

• Pentachlorophenol. 2,4-dinitrophenol. 4-nitrophenol, 4,6-dinitro-2-methylphenol,
4-chloro-3-methylphenol, benzoic acid, 2-nitroaniline, 3-nitroaniline. 4
chloroaniline, and benzyl alcohol are subject to erratic chromatographic beha....ior,
especially if the GC system is contaminated with high boiling malerial.

• Hexachlorophene is not amenable to analysis by this method.

• 3-Methylphenol cannot be separated from 4-methylphenol by the conditions
specified in this method.
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1.3 The standard reporting limit (SRL) of this method for detennining an individual
compound is approximately 0.33 mg/kg (wet weight) for soiVsediment samples, I 
200 mglkg for wastes (dependent on matrix and method of preparation), and 10 ~gIL

for groundwater samples. Some compounds have higher reporting limits. Refer to
Tables 1 and 2 for specific SRLs. Reporting limits will be proportionately higher for
sample extracts that require dilution.

2 SUMMARY OF METHOD
.

2.1 Aqueous samples are extracted with methylene chloride using a separatoIj' fwmel, a
continuous extractor or Accelerated One-StepTM. Solid samples are extracted with
methylene chloride I acetone using sonication, soxhlet, accelerated soxhlet or
presswized fluid extraction. Waste dilution is used for samples that are miscible with
the solvent. The extract is dried, concentrated to a volume of 1 mL, and analyzed by
GCIMS. Extraction procedures are detailed in SOP# CORP-OP-Oool. Qualitative
identification of the parameters in the extract is performed using the retention time
and the relative abundance of characteristic ions. Quantitative analysis is perfonned
using the internal standard technique with a single characteristic ion.

3 DEFINITIONS

3.1 CCC (Calibration Check Compounds) - A subset of target compounds used to
evaluate the calibration stability of the GCIMS system. A maximum percent
deviation of the CCC's is specified for calibration acceptance.

3.2 SPCC (System Perfonnance Check Compounds) - Target compounds designated to
monitor chromatographic perfonnance, sensitivity. and compound instability or
degradation on acti\"e sites. Minirnwn response factors are specified for acceptable
performance.

3.3 Batch - The batch is a set of up to 20 samples of the same matrix processed using the
same procedures and reagenrs within the same time period. The Quality Control
batch mlist contain a matrix spike I spike duplicate (MSIMSD). a Laboratory Control
Sample (LCS). ard a method blank. In some cases, at client request, the MSJMSD
may be replaced with 3 matrix spike and sample duplicate. Batches are defined at the
sample preparation stage. Batches should be kept together through the whole
analytical process 1() the extent possible, but it is not mandatory to analyze prepared
extracts on the same instrument or in the same sequence. Refer to the Quamerra QC
Program document (QA-003) for further details of the batch defiQition.

3.4 Method Blank - An analytical control consisting of all reagents. internal standards and
surrogate standards. that is carried through the entire analy1ical procedure. The
method blank is used to d..:fin..: the level of laboratory background and reagent
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3.5 LCS (Laboratory Control Sample) - A blank spiked with the parameters of interest
that is carried through the entire analytical procedure. Analysis of this sample with
acceptable recoveries of the spiked materials demonstrates that the laboratory
techniques for this method are acceptable.

3.6 MS (Matrix Spike)- aliquot of a matrix (water or soil) fortified (spiked) with knov.n
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.

3.7 MSD (Matrix Spike Duplicate)- a second aliquot of the same sainple as the matrix
spike (above) that is spiked in order to detennine the precision afthe method.

4 INTERFERENCES

4.1 Method interferences may be caused by contaminaqts in solvents, reagents,
giass"vare. and other processing apparatus that lead to discrete artifacts. All of these
materials must be routinely demonstrated to be free from interferences under
conditions of the analysis by running laboratory method blanks as described in the
Quality Control section. Raw GCIMS data from all blanks, samples, and spikes must
be evaluated for interferences. If an interference is detected it is necessary to
detennine if the sowce of interference is in the preparation and/or cleanup of the
samples; then take corrective action to eliminate the problem.

4.2 The use ofhigb purity reagents. solvents. and gases helps to minimize interference
problems.

4.3 Matrix interferences may be caused by contaminants that are coextracted from the
sample. The extent of matrix interferences will vary considerably from source to
source. depending upon the nature of the sample.

4.4 Contamination by carryover can occur <whenever high-level and low-level samples :lfe
sequentially analyzed. To reduce carryover. the sample syringe must be rinsed with
solvent between samples. \Vbenever an unusually concentrated sample is encoun·
teredo it should be followed by the analysis of solvent to check for cross
contamination.

4.5 Phthalate contamination is commonly observed in this analysis and its occurrc::nce
should be carefully evaluated a~ an indicator of a contamination problem in the
sample.preRaralion step of the analysis... .

5 SAFETY PRECAUTIONS



GCIMS ANALYSIS BASED ON METHOD 8270C SOP No, CORP·MS-OOOINC
Revision No: 2.1
Revision Date: 01/25199
Page 7 of55

5.1 Procedures shali be carried out in a manner that protects the health and safety of all
Quanterra associates. The following requirements must be met:

5.1.1 Eye protection that satisfies ANSI Z87.1 (as per the Chemical Hygiene Plan),
laboratory coat. and appropriate gloves must be worn while samples, standards,
solvents and reagents are being handled. Disposable gloves that have become
contaminated will be removed and discarded; other gloves will be cleaned
inunediately.

5.1.2 The health and safety hazards of many of the chemicals used in this procedure
have not been fully defined. Additional health and safety information can be
obtained from the MSDS files maintained in the laboratory. The following
specific hazards are known:

5.1.3 Chemicals that have been classified as carcinogens, or potential carcinogens,
under OSHA include: Benzo(a)anthracene. benzidine, 3.3'-dichlorobenzidine,
benzo(a)pyrene, dibenzo(a,h)anthracene, and n-nitrosodimethylamine. Primary
standards should be purchased in solution. If neat materials must be obtained,
they shall be handled in a hood.

5.1.4 Exposure to chemicals must be maintained as low as reasonably achievable;
therefore, unless they are knov..TI to be non-hazardous, all samples should be
opened, transferred. and prepared in a fume hood, or under other means of
mechanical ventilation. Solvent and waste containers should be kept closed
unless transfers are being made.

5.1.5 All work must be stopped in the event of a known or p(?tential compromise to the
health and safery of a Quanterra associate. The situation must be reported
immediately to a laboratory supervisor.

6 EQUIPMENT AND SUPPLIES

6.1 Gas ChromatographlMass Spectrometer SY'stem: An analytical system complete with
a temperature-programmabl~ ga..... chromatograph suitable for splitlsplitless injection
and all required accltssories. including syringes. analytical columns. and gases. The
capillary column should ~ directl~ coupled to the source.

6.2 Column: 30 m x 0.32 mm LO. (or 0.25 mm 1.0.) O.5-llm film thickness silicon
coated fused-silica capillary column (J & W Scientific 08-5.625 or equivalent).
Alternate columns are acccptabk if they provide acceptable performance.

6.:1 Mass Spectromeh:r: Capabl~ of scanning from 35 to 500 AMU Itvery one secpnd ur
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less, using 70 volts (nominal) electron energy in the electron impact ionization mode.
The mass spectrometer must be capable ofproducing a mass spectrum for
decafluorotriphenylphosphine (DFTPP)which meets all of the criteria in Table 6
when 50 ng of the GClMS tuning standard is injected through the GC.

6.4 GClMS Interface: Any GC-to-MS interface that gives acceptable calibration points
and achieves acceptable nming performance criteria may be used.

6.5 Data System: A computer system must be interfaced to the mass spectrometer. The
system must allow the continuous acquisition and storage on machin!-readable media
of all mass spectra obtained throughout the duration ofthe chromatographic program.
The computer must have software that can search any GCIMS data file for ions of a
specific mass and that can plot such ion abWldances versus time or scan number. This
type of plot is defined as the Extracted Ion Current Profile (EICP). Software must
also be available that allows integrating the abundances in any EICP between
specified time or scan-nwnber limits. The most recent version afthe EPNNIH Mass
Spectral Library is recommended.

6.6 Syringe: 10 ~L Hamilton Laboratory grade syringes or equivalent.

6.7 Carrier gas: Ultra high purity helium.

7 REAGE~TSANDSTANDARDS

7.1 A minimum five point calibration curve is prepared. The low point should be at or
below the reporting limit. Refer to Tables 12 and 13 for typical calibration levels for
all analytes. Other calibration levels may be used, depending on instrument
capability, but the low standard must support the reporting limit and the high standard
defines the range of the calibration.

7.2 An Internal Standard solution is prepared. Compounds in the I.S. Mix are:
acenaphthene-d 1O. cruysene-d12, 1,4-dichlorobenzene-d4, naphthalene-d8. perylene
d12, and phenanthrene-d IO.

7.2.1 Internal Standards are added to all standards and extracts to result in 8 ng or 40ng
injected onto the column. For example, if the volume of an extract used \Alas 200
J.l.L 20 J.l.L of a -l00 Jlg/mL internal standard solution would be added for a I ~tL

injection. '

7.3 Surrogate Standard Spiking Solution: Prepare as indicated in th~ preparative
methods. See appropriate preparation SOP. Surrogate compounds and levels are
listed in Table II.

7.4 GCIMS Tuning Standard: :\ m~lhylenechloride solution containing 10 ~g/mL or 50
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~g/mL of decafluorotriphenylphosphine (DFTPP) is prepared. Pentachlorophenol,
benzidine, and DDT, should also be included in the Tuning Standard at 10 ~g/mL or
50~g/mL.

7.5 Laboratory Control Spiking Solution; Prepare as indicated in the preparative methods.
See appropriate preparation SOP. LCS compounds and levels are listed in Tables 9
and 10.

7.6 Matrix Spike Solution; Prepare as indicated in the preparative methods. See
preparation SOP. The matrix spike compounds and levels are the same as the LCS
compounds.

7.7 The standards listed in 7.] to 7.6 should be refrigerated at ~ 6°C when not in use.
Refrigeration at -lOGe to _20°C may be used ifit can be demonstrated that analytes do
not fallout of solution at this temperature. The standards must be replaced at least
once a year. The continuing calibration standard must be replaced every week and is
stored at < 6°C.

8 SAMPLE PRESERVATION AND STORAGE

8.1 Reference appropriate facility SOP for sample bottle preservation and storage.

8.2 Samples are stored at 4 ~ 2°e. Samples and extracts should be stored in suitable glass
containers with Teflon lined caps. (Extracts will normally be stored for 30 days after
invoicing.)

8.3 Water samples are extracted within seven days of sampling and the extracts are
analyzed within forty days of extraction. Solids, sludges, and organic liquids are ex
tracted within fourteen days of sampling and the extracts are analyzed within fony
days of extraction.

9 QUALITY CONTROL

9.1 Initial Demonstration of Capability

9.1.1 For the standard analyte list. the initial demonstration and method detection limit
(MOL) studies described in section 13 must be acceptable before analysis of
samples may begin. Refer to the flow chart in section 17.4.1.

9.1.2 For non-standard analytes an MOL study should be perfonned and calibration
curve generated before analyzing any samples, unless lesser requirements are
pre\"iolliih'· agreed to with the client. In any event. the minimum initial
demonStration ~quirltd is analysis of an extracted standard at the reponing limit
and a single point calibratiun.
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In-house historical control limits must be determined for surrogates, matrix spikes,
and laboratory control samples (LCS). These limits must be determined at least
annually. The recovery limits are mean recovery +/- 3 standard deviations for
surrogates, MS and LCSPredsion limits for matrix spikes I matrix spike duplicates
are mean relative percent difference +/- 3 standard deviations.

9.2.1 These limits do not apply to dilutions (except for tests without a separate
extraction), but surrogate and matrix spike recoveries will be reponed unless the
dilution is more than 5X.

9.2.2 All surrogate, LCS, and MS recoveries (except for dilutions) must be entered into
QuantIMS (when available) or other database so that accurate historical control
limits can be generated. For tests without a separate extraction, surrogates and
matrix spikes will be reported for all dilutions.

9.2.3 Refer to the QC program document (QA-003) for further derails of control limits.

9.3 Method Blank

A method blank is prepared and analyzed with each batch of samples. The method
blank consists of reagent water for aqueous samples, and sodium sulfate for soil
samples (Refer to SOP No. CORP-OP-OOO I for details). Surrogates are added and
the method blank is carried through the entire analytical procedure. The method
blank must not contain any analyte of interest at or above the reporting limit (except
commo~ laboratory contaminants, see below) or at or above 5% of the measured
concentration of that analyte in the associated samples, w~cheveris higher.

• If the analyte is a common laboratory contaminant (phthalate esters), the data may
be reported ,",ith qualifiers if the concentration afthe anaIyte is less than five
times the Ri. Such action must be laken in consultation with the client.

• Reanalysis of any samples " ..jlh reportable concentrations of anal)'les found in th~

method blank is required unless other actions are agreed \..ith the client.

• If there is no target anal: te- greater than the RL in the samples associated with an
unacceptable method blank. the- data may be reported ",,·ith qualifiers. Such action
should be taken in consultation \.vith the client.

9.3.1 The method blank must ha,\"C' acceptable surrogate recoveries. If surrogate
recoveries are not accepta~k. the data must be evaluated to detennine if the
method blank has senled the purpose of demonstrating that the analysis is free of
contamination. If surrogate recoveries are low and there are reponable analytes in
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the associated samples, re-extraction of the blank and affected samples will
normally be required. Consultation with the client should take place.

9.3.2 Ifreana1ysis of the batch is not pos~ibledue to limited sample volume or other
constraints, the method blank is reported, all associated samples are flagged with a
"B". and appropriate comments may be made in a narrative to provide further
documentation.

9.3.3 Refer to the Quanlerra QC Program document (QA-003) for furtm details of the
corrective actions.

9.3.4 Sample results are NOT blank subtracted unless specific requests and
arrangements have been made with a client or agency.

9.4 Instrument Blank

9.4.1 Instruments must be evaluated for contamination during each 12 hour analytical
run. This may be accomplished by analysis ofa method blank. If a method blank
is not available. an instrument blank must be analyzed. An instrument blank
consists of methylene chloride with the internal standards added. It is evaluated
in the same way as the method blank.

9.5 Laboratory Control Sample (LCS)

9.5.1 A laboratory control' sample (LCS) is prepared and analyzed with every batch of
samples. All analytes must be within established control limits. The LCS is
spiked with the compounds listed in Tables 9 and 10 unless specified by a client
or agency.

9.5.2 If any analyte in the LCS is outside the laboratory established historical control
limits, corrective action must occur. Corrective action may include re-extraction
and reanalysis of the batch.

• If the batch is not re-extract..:d and reanalyzed, the reasons for accepting the
batch must be clearly presented in the project records and the report. (An

example of acceptable r~asons for not reanalyzing might be that the matrix
spike and matrix spike duplicate are acceptable. and sample surrogate
recoveries are good. demonstrating that the problem was confined to the
LCS).

• If~-extraction and reanalysis of the batch is not possible due to limited
sample volume or other constraints. the LCS is reponed. all associated
samples are flagged. and appropriate comments are made in a narrative to
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9.5.3 Ongoing monitoring of the LCS provides evidence that the·laboratory is
performing the.method within accepted QC guidelines for accuracy and precision.

9.6 Matrix SpikelMatrix Spike Duplicate (MSIMSD)

A matrix spike/matrix spike duplicate (MSIMSD) is prepared and analyzed with
every batch of samples. The MSIMSD is spiked with the same S1!bset of analytes as
the LCS (See Tables 9 and 10). Compare the perceot recovery and relative percent
difference (RPD) to that in the laboratory specific historically generated limits.

• If any individual recovery or RPD falls outside the acceptable range, corrective
action must occur. The initial corrective action will be to check the recovery of
that analyte in the Laboratory Control Sample (LCS). Generally, if the recovery
of the anaIyte in the LCS is within limits, then the laboratory operation is in
control and analysis may proceed. The reasons for accepting the batch must be
documented.

• If the recovery for any component is outside QC limits for both the Matrix spike I
spike duplicate and the LCS, the laboratory is out of control and corrective action
must be taken. Corrective action will normally include repreparation and
reanalysis of the batch.

• If a MSIMSD is not possible due to limited sample, then a LCS duplicate should
be analyzed. RPD of the LeS and LCSD are compared to the matrix spike limits.

• The matrix spike I duplicate must be analyzed at the same dilution as the WlSpiked
sample, even if the matrix spike compounds will be diluted out.

9.7 Surrogates

9.7.\ Every sample. blank. and QC sample is spiked with surrogate standards.
Surrogate spike recoveries must be evaluated by determining whether the
concentration (measured as percent recovery) falls within the required recovery
limits. The compoWlds routinely included in the surrogate spiking solution. along
with recommended standard concentrations. are listed in Table 1I.

9.7.2 [f any surrogates are outside limits the following corrective actions must take
place (excc:pt for dilutions):

>.

• Check all calculations tor error.
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• Ensure that instrument perfonnance is acceptable.

• Recalculate the data and/or reanalyze the extract if either of the above checks
reveal a problem.

• Re-extract and reanalyze the sample or flag the data as "Estimated
Concentration" if neither of the above resolves the problem.

The decision to reanalyze or flag the data should be made in consultation with the
client. It is only necessary to reprepare I reanalyze a sample once to demonstrate
that poor surrogate recovery is due to matrix effect, unless the analyst believes
that the repeated out of control results are not due to matrix effect.

9.7.3 If the sample with surrogate recoveries outside the recovery limits was a sample
used for an MSIMSD and the surrogate recoveries in the MSIMSD are also
outside of the control limits. then the sample, the MS, and the MSD do not require
reanalysis as this phenomenon would indicate a possible matrix problem.

9.7.4 If the sample is reanalyzed and the surrogate recoveries in the reanalysis are
acceptable, then the problem "vas within the analyst's control and only the
reanalyzed data should be reported. (Unless the reanalysis was outside holding
times, in which case reporting both sets of results may be appropriate.)

9.7.5 If the reanalysis does confinn the original results, the original analysis is reported
and the data flagged as estimated due to matrix effect.

9.8 Nonconfonnance and Corrective Action

9.8.1 Any deviations from QC procedures must be documented as a nonconfonnance,
with applicable cause and corrective action approved by the facility QA Manager.

9.9 Quality Assurance Summaries

Cenain clients may require specific project or program QC which may supersede
these method requirements. Quality Assurance Summaries should be developed to
address these requirements.

9.10 Quanterra QC Program

Further details ofQC and correcti\ e action guiddines are presented in the Quanterra
QC Prog~ document (QA-003). Refc:r to this document if in doubt regarding
corrective-actions.
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10.1.1 The instrument is nmed for DFTPP, calibrated initially with a five-point
calibration curve, and verified each 12-hour shift with one or more continuing
calibration standard(s). Recommended instrument conditions are listed in Table
5.

.
10.2 All standards and extracts are allowed to warm to room temperarure before injecting.

10.3 Instrwnent Tuning

At the beginning of every twelve hour shift when analyses are to be performed, the
GClMS system must be checked to see ifacceptable performance criteria (Table 6) is
achieved for DFTPP (decafluorotriphenylphosphine).

10.3. I Inject lOng or 50 ng of the GClMS tuning standard (Section 7.4) into the
GelMS system. Obtain a background-corrected mass spectra ofDFTPP and
confinn that all the key mfz criteria in Table 6 are achieved. If all the criteria are
not achieved. the analyst must retune the mass spectrometer and repeat the test
until all criteria are achieved. The perfonnance criteria must be achieved before
any samples. blanks, or standards are analyzed.

10.3.2 The GeIMS nming standard should also be used to evaluate the inertness oftbe
chromatographic system. Benzidine and pentachlorophenol should not exhibit
excessive tailing. If DDT is an anal:--'le of interest. it must be included in the
tuning standard, and its breakdoVvn must be < 20%. Refer to section 12 for the
appropriate calculations.

10.4 Initial Calibration

10.4.1 Internal Standard Calibration Procedure: Internal standards are listed in Table 7.
Use the base peak mlz as the primary m/z for quantitation of the standards. If
interferences are noted. use one orthe next {Wo most intense masses for
quantitation.

10.4.2 Compounds should be assigned lO th~ IS \\ith the closest retention time.

10.4.3 Prepare calibration standards at a minimum of tive concentration levels for each
parame~~r of interest. Six standards must ~ u~d for a quadratic least squares
caJibration. It may also be useful to analyz~ six calibration levels and use the
lower five for most analytes and the up~r ti\·..: lor analyles that have poor
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response. Add the internal standard mixture to result in 8 ng or 40 ng on colunm.
The concentrations ofall analytes are listed in tables 12 and 13.

10.4.4 Analyze each calibration standard and tabulate the area of the primary charac
teristic rn/z against concentration for each compoWld and internal standard.
Calculate response factors (RF), average response factors, and the percent RSD of
the response factors for each compound using the equations in section 12 and
verify that the CCC and SPCC criteria in section 10.4.5 and 10.4.6 are met. No
sample analysis may be performed unless these criteria are met.

10.4.5 System Performance Check Compounds (SPCCs): The minimum average RF for
semivolatile specs is 0.050. If the minimum response factors are oot met, the
system must be evaluated and corrective action must be taken before sample
analysis begins. Some possible problems are standard mixture degradation,
injection port inlet contamination, contamination at the front end of the analytical
column, and active sites in the column or chromatographic system. This check
must be met before analysis begins.

SPCC Compounds:

N-nitroso-di-n-propylamine
Hexachlorocyclopentadiene
2,4-Dinitrophenol
4-Nitrophenol

10.4.6 Calibration Check Compounds (CCCs): The %RSD of the response faCIOrs for
each CCC in the initial calibration must be less than 30% for the initial calibration
to be considered valid. This criterion must be met before sample analysis begins.
Problems similar to those listed under SPCCs could affect this criterion.

10.4.6.1 If DOne of the CCCs are required analyres.. project specific calibration
specifications must be agreed ....ith the client.

10.4.6.2 CCC Compounds:

Phenol
Acenaphthene
lA-Dichlorobenzene
N-nitrosodiphenylarninc:
2-Nitrophenol
Pentachlorophenol
2,4-Dichlorophenol
Fluoranthene
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Hexachlorobutadiene
Di-n-octylphthalate
4-Chloro-3-methylphenol
Beozo(a)pyrene
2,4,6-Trichlorophenol
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10.4.7 If the average of all %RSDs in the initial calibration is ~ 15%, then all analytes
may use average response factor for calibration.

10.4.7.1 If the software in use is capable of routinely reporting curve coefficients
for data validation purposes, and the necessary calibration reports can be
generated, then the analyst should evaluate analytes with %RSD > 15%
for calibration on a curve. If it appears that substantially bener accuracy
would be obtained using quantitation from a curve then the appropriate
curve should be used for quantitation.

10.4.7.2 If the average of all the %RSDs in the initial calibration is > 15%, then
calibration on a curve must be used for those analytes with %RSD > 15%.
Linear or quadratic curve fits may be used. Use of lIConcentrationJ

weighting is recommended to improve the accuracy ofquantitation at the
low end of the curve. The analyst should consider instrument maintenance
to improve the linearity of response. If Relative Standard Error (RSE) is
used to evaluate the curve it must be bener than 15%. Otherwise the
correlation coefficient (coefficient of determination for non-linear curves)
must be ~ 0.990. If the correlation coefficient is < 0.990, then any hit for
these compounds must be flagged as estimated.

10.4.8 Weighting of data points

In a linear or quadratic calibration fit., the poinlS at the lower end of the calibration
curve have less weight in determining the curve generated than poinlS at the high
concentration end of the curve. However. in envirorunental analysis, accuracy at
the low end of the curve is very important. For this reason it is preferable to
increase th,e weighting of the lower concentration points. 1!Concentration2

weighting (often called l:'X l weighting) will improv~ accuracy at the low end of
the curve and should be used iflhe data system has this capability.

. 10.4.9 If time remains in the 12 hour period initiated b~ the DFTPPinjectionbeforethe
initial calibration. samples may be analyzed, Otherwise. proceed to continuing
calibration.
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10.4.10 Quantitation is performed using the calibration curve or average response
factor form the initial curve, Dot the continuing calibration.

10.5 Continuing Calibration

10.5.1 At the start of each 12-hour period, the GCIMS tuning standard must be analyzed.
AlOng or 50 ng injection ofDFfPP must result in a mass spectrum for DFTPP
which meets the criteria given in Table 6.

10.5.2 Following a successful DFTPP analysis the continuing calibration standard(s) are
analyzed. The standards must contain all semivolatile analytes. including all
required surrogates. A mid level calibration standard is used for the continuing
calibration.

10.5.3 The following criteria must be met for the continuing calibration to be acceptable:

• The spec compounds must have a response factor of :: 0.05.

• The percent difference or drift of the CCC compounds from the initial
calibration must be.:: 20%. (see section 12 for calculations) In addition, the
percent difference or drift of all analytes must be .:: 50%, with allowance being
made for up to six target compounds to have percent drift greater than 500.10.

• The internal standard response must be within 50-200% of the response in the
mid level of the initial calibration.

• The internal standard retention times must be within 30 seconds of the retention
times in the mid-level of the initial calibration.

• NOTE: There is no internal standard criteria for samples. Criteria is only for
continuing and initial calibrations.

10.5.3.1 If none of the cces are required analytes. proj~t specific calibration
specifications must be agreed v.ith the client.

10.5..+ Once the above criteria have been met sample analysis may begin. Initial
calibration average RFs (or the calibration cuf\'~1 \\-ill b~ used for sample
quantitalion. not the continuing calibration RFs. Analysis may proceed until 12
hours from the injection of the DFTPP have passed. (A sample injected less than
I:?: hours after the OFTPP is acceptable.) .

NOTE:- Additional compound analysis outside the TCI. (Target Compound List)
have no calibration criteria.
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11 PROCEDURE

11.1 Sample Preparation

Samples are prepared following SOP CORP-OP-OOOI.

11.2 Sample Analysis Procedure
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11.2.1 Calibrate the insnument as described in section 10. Depending on the target
compounds required by the client, it may be necessary to use more than one
calibration standard.

11.2.2 All samples must be analyzed using the same instrument conditions as the
preceeding continuing calibration standard.

11.2.3 Add internal standard to the extract to result in 40 ng injected on column (for
example. 8 J.Ll or 50 ilL internal standard solution in 05 ml ofextract for a I JJ.L
injection). Mix thoroughly before injection into the instrument.

11.2.4 Inject the sample extract into the GClMS system using the same injection
technique as used for the standards.

11.2.5 The data system will determine the concentration of each analyte in the extract
using calculations equivalent to those in section 12. Quantitation is based on the
initial calibration. not the continuing calibration.

11.2.6 Identified compounds are reviewed for proper integration. Manual integrations
are performed if necessary and are documented by the analyst or automatically by
the data system.

11.2.7 Target compounds identified by the data system are e ....aluated using the criteria
listed in section 12.1.

11.2.8 Library searches of peaks present in the chromatogram that are not target
compounds (Tentatively Identified Compounds. TIC) may be performed if
requir~d by the client. They are evaluated using the criteria in section t 2.3.

11.3 Dilutions

If the response for any compound exceeds the working range: of the GCiMS system. a
dilution oftl:le extract is prepar~d and analyzed. An appropriate dilution should be in
the upper half of the calibration range. Samples may be snl:ened to detennine the
appropriate dilution tor the initial run. If the initial dilut<:-d run h:lS no hits or hits
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below 200-/0 of the calibration range and the matrix allows for analysis at a lesser
dilution, the sample must be reanalyzed at a dilution targeted to bring the largest hit
above 500,/0 of the calibration range.

11.3.1 Guidance for Dilutions Due to Matrix

If the sample is initially run at a dilution and the baseline rise is less than the
height afthe internal standards, or if individual non-target peaks are less than two
times the height of the internal standards, the sample should be reanalyzed at a
more concentrated dilution. This requirement is approximate anlsubject to
analyst judgement. For example, samples containing organic acids may need to
be analyzed at a higher dilution to avoid destroying the column.

11.3.2 Reporting Dilutions

The most concentrated dilution with no target compounds above the calibration
range will be reported. Other dilutions will only be reponed at client request.

11.4 Perform all qualitative and quantitative measurements. When the extracts are not
being used for analyses, refrigerate them at 4 :: zoe, protected from light in screw cap
vials equipped v.rith unpierced Teflon lined septa.

11.5 Retention time criteria for samples

If the retention time for any internal standard changes by more than 0.5 minutes from
the last continuing calibration standard, the chromatographic system must be
inspected for malfunctions and corrected. Reanalysis of samples analyzed while the
system was malfunctioning is required.

11.5.1 If the retention time of any internal standard in any sample varies by more than
0.1 minute from the preceeding continuing calibrJ.tion standard, the data must be
carefully evaluated to ensure that no analytes have shifted outside their retention
time windows.

11.6 Percent Moisture

Analytical results may be reported as dry or wet weight <Ci r.::quircd by the client
Perc~nt moisture must be delermined if results will be reported as dry weight. Refer
tll the facility specific SOP for delennination of percent moisture.

11.7 Procedural Variations

11.7.1 One-tim"e procedural variations are allowed only if deemed necessary in lhe
prol~ssional judgment of supervision to accommodat<: variation in sample matrix.
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radioactivity, chemistry, sample size, or other parameters. Any variation in
procedure shall be completely documented using a Nonconfonnance Memo and
approved by a Technical Specialist and QA Manager. Ifcontractually required,
the client shall be notified. The Nonconfonnance Memo shall be filed in the
project file. Any unauthorized deviations from this procedure must also be
documented as a non-conformance, with a cause and corrective action described.

I1.8 Troubleshooting Guide

11.8.1 Daily Instrument Maintenance

In addition to the checks listed in the instrument maintenance schedule in the
Quanterra QAMP, the following daily maintenance should be perfonned.

• Clip Colurrm as necessary.

• Install new or cleaned injection port liner as necessary.

• Install new septwn as necessary.

• Perfonn mass calibration as necessary.

11.8.2 Major Maintenance

A new initial calibration is necessary following major maintenance. Major
maintenance includes changing the column. cleaning the ion volume or
repeller, cleaning the source, and replacing the ":1u1tiplier. Refer to the
manufacturer's manual for specific guidance.

12 DATA ANALYSIS AND CALCULATIONS

12.1 Qualitative identification

.Au1 analyte is identified by retention time and by comparison of the sample mass
spectrum with the mass spectrum of a standard of the suspected compound (standard
referenc~ spectrum). Mass spectra for standard reference may be obtained on the
user's GCIMS by analysis of the calibration standards or from the NBS library. Two
criteria mu::ot be satisfied to verify identification: (I) elution of sample component at
the same GC retention time as the standard component; and (1) c\:>rrespondence of the
sample component and the standard component characteristic ions. (Note: Care must
he tak(:n to·ensure that spectral distortion du~ to co-elution is evaluated.)

• Th~ 5ample component retention time must compare to within =0.2 min. of
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the retention time of the standard component. For reference, the standard
must be run within the same twelve hOUlS as the sample.

-
• All ions present in the standard mass spectra at a relative intensity greater than

10% (most abundant ion in the spectrum equals 100%) should be present in
the sample spectrum.

• The characteristic ions ofa compound must maximize in the same scan or
within one scan of each other.

• The relative intensities of ions should agree to within ±300/0 between the
sLIDdard and sample spectra. (Example: For an ion with an abundance of
50% in the standard spectra, the correspooding sample abundance must be be
tween 200/0 and 800/0.)

12. L 1 If a compound cannot be verified by all the above criteria, but in the technical
judgment of the analyst the identification is correct. the analyst shall report that
identification and proceed with quantitation.

12.2 Mass chromatogram searches.

Certain compounds are unstable in the calibration standard and cannot be calibrated in
the Donnal w-ay. In particular. the compound hexachlorophene (CAS 70-30-4) falls
into this category, and is required for Appendix IX analysis. For this analyte a mass
chromatogram search is made.

12.2.1 Hexachlorophene

Display the mass chromatograms for mass 196 and mass 198 for the region of the
chromatogram from at least 2 minutes before chrysene--d 12 to at least 4 minutes
after chrysene-dI2. If peaks for both ions coincide then the analyst evaluates the
spectrum for the presence of hexachlorophene. No quantitation is possible.

12.3 For samples containing components nO[ 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 detennined by the type of analyses being
conduct~d. Computer generated library search routines shou!J not use normalization
routin~s that \\ould misrepresent the library or unknown spectra '.\"h~n compared to
each other. Only after visual comparison of sample spectra with the n~arest library
searches :-:hall th~ mass spectral int~rpretation specialist assign a t~ntati\"~

identification. Guidelines for making tentative identification are:

• Rdati\·e intensities of major ions in the reference spectrum (ions >10% of me
most "lbunJ.ant ion) should be present in the sample spectrum.
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• The relative intensities of the major ions should agree within ±2001o. (Example:
For an ion with an ahwlClance of 50% in the standard spectrum, the corresponding
sample ion abundance should be between 30%and 70%.)

• Molecular ions present in the reference spectrum should be present in the sample
spectrum.

• Ions present in the sample spectrum, but not in the reference spectrum, should be
reviewed for possible background contamination or presence of coeluting com-
pounds. .

• Ions present in the reference spectnun, but not in the sample spectrum, should be
reviewed for possible subtraction from the sample spectrUm because of back
ground contamination or coeluting peaks. Data system library reduction programs
can sometimes create these discrepancies.

• Automatic background subtraction can severely diston spectra from samples ~ith

unresolved hydrocarbons.

12.4 Anyone evaluating data is trained to know how to handle isomers with identical mass
spectra and close elution times. These include:

Dichlorobenzenes
Methylphenols

Trichlorophenols
Phenanthrene. anthracene

Fluoranthene. pyrene
Benzo(b) and (k)fluoranthene
Chrysene, benzo(a)anlhracene

Extra precautions concerning these compounds are to more closely scrutinize
retention time vs. the calibration standard and also to check that all isomers have
distinct rc:tenti('ln times.

A second catc:gory of problem compounds would be the poor responders or
compound:; thal chromatograph poorly. [neluded in this category "ould be:

Benzoic acid
Chloroanilines
Nitroanilines

2.4-Dinitrophenol
4-Nitrophenol

Pentachlorophenol
3.3'-Diehlorobenzidine
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Benzyl alcohol
4,6-Dinitro-2-methylphenol
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Manually checking the integrations would be appropriate for these compounds.

12.5 Calculations

12.5.1 Percent Relative Standard Deviation for Initial Calibration

SD
%RSD==xlOO

RF

RF = Mean ofRFs from intial caibration for a compound

SD = Standard deviation of RFs from initial calibration for a compound.

x (RFi-RF)'

= ~ N-I

RFi = RF for each of the calibration levels

N = Nwnber of RF values

12.5.2 Continuing calibration percent drift

C"",... -C/-tJ
%Drift = x 1{)()O,Io

C~..

("....,.... = Known concentration in standard

c,.-.J =:; Measured concentration using selected quantitation method

12.5.3 Concentration in the extract

The concentration of each identified analyte and surrogate: in the extract is
calculated from the linear or quadratic curve fined to the initial calibration points.
or from [ht: avt:rage RF of the initial calibration.

'.
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125.3.1 Average response factor
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If the average of all the %RSDs ofthe response factors in the initial
calibration is:: 15%, the average response factor from the initial calibration
may be used for quantitation.

Cu = &C"
R"RF

12.5.3.2 Linear fit

Cu = A + B-'--(R..--:C--,-")
Ris

Cex= Concentration in extract, JlglmL

Rx= Response for analyte

Ris= Response for internal standard

Cis= Concentration ofinterna1 standard

A = Intercept

B~ Slope

12.5.3.3 Quadratic fit

C' s( R,C,) c{ &C,,)u=A+ -- + --
R,s R.s

c= Curvature

12.5.4 The concentration in the sample is then calculated.

12.5.4.1 Aqueous Calculation

. c.... J-;
ConcentratIon. /10 I L = --

. r::: V"

Where:
'.

1"/ = Volume of total extract. !J.L. taking into accounr dilutions
(i.e.. :t I-to-l 0 dilution ofa 1 mL extract will meiln \', =- 10.000
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ilL. If half of the baselneutral extract and half of the acid
extract are combined, V, = 2,000.)

Vo = Volume of water extracted (roL)

12.5.5 Sediment/Soil, Sludge (on a dry-weight basis) and Waste (normally on a wet
weight basis:

. CoV,
Concentratton, pg / kg = -

W,D

Ws = Weight of sample extracted or diluted in grams

D = (100 - % moisture in sample)/Ioo, for a dry weight basis or
1 for a wet weight basis

12.6 MSIMSD percent recovery calculation.

M . S ·k R S",,-S, ~atnx pi e ecovery = x IvvYcl
S,

SSR = Spike sample result

SR=Sample result

SA = Spike added

12.7 Relative %Difference calculation for the MSIMSD

RPD= MSN-MSDN xloo
1/ 2( MS, + MSDN)

RPD = Relative percent difference

.\1SR = Matrix spike result

.\1SDR = Matrix spike duplicate result
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12.8 Relative response factor calculation.

RF= &C.
A£..
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Ax=Area ofthe characteristic ion for the compound being
measured

AirArea of the characteristic ion for the specific internal
standard

Cx=Concentration of the compound being measured (J.1g/L)

Cis =Concentration of the specific internal standard (J.1glL)

12.9 Calculation of TIes: The calculation afTIes (tentatively identified compounds) is
identical to the above calculations with the following exceptions:

A,.=.Auea of the total ion chromatogram for the compound
being measured

A.;s=Area of the total ion chromatogram for the nearest internal
standard without interference

RF=\

12.10 Percent DDT breakdown

% DDT breakdovm ::
DDEare. + DDDare.

DDTare. + DDEare. + DDare.

The total ion current areas are used for this calculation

13 METHOD PERFORMA'liCE

13.1 Method Detection Limit

Each laboratory mwa generate a valid m~thod detection limit for each analyt~ of
interest. Th~ MOL must be below the reponing limit for each anal}t1e. The procedur~

for detennination of the method detection limit is given in 40 CFR Part 136.
Appendix B. and funher ddinod in QA Policy #: QA-005.

13.2 Initial Demonstration

Each laboratory must mak~ an initia.l demonstrdtion of capability for each indi\'idual
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method. Demonstration of capability for both soil and water matrices is required.
This requires analysis of QC check samples containing all of the standard analytes for
the method. For some tests it may be necessary to use more than one QC check mix
to cover aU analytes of interest.

13.2.1 Four aliquots of the QC check sample are analyzed using the same procedures
used to analyze samples. including sample preparation. The concentration of the
QC check sample should be equivalent to the level 4 calibration standard.

13.2.2 Calculate the average recovery and standard deviation of the recovery for each
analyte of interest. Compare these results with the acceptance criteria given in
table 14.

13.2.3 If any analyte does not meet the acceptance criteria the test must be repeated.
Only those analytes that did not meet criteria in the first test need to be evaluated.
Repeated failure for any analyte indicates the need for the laboratory to evaluate
the analytical procedure and take corrective action.

13.3 Non-standard analytes

For non-standard analytes. an MDL study must be performed and calibration curve
generated before analyzing any samples. unless lesser requirements are previously
agreed to with the client. In any event, the minimum initial demonstration required is
analysis of an extracted standard at the reporting limit and a single point calibration.

13.4 Training Qualification

The group/team leader has the responsibility to ensure that this procedure is
perfonned by an analyst who has been properly trained in its use and has the required
expenence.
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13.5 Data Quality Objectives (DQO). Refer to project-specific Quality Assurance plans
for DQO information.

14 POLLUTION PREVENTION

14.1 This section is not applicable to this procedure.

15 WASTE MANAGEMENT

15.1 Waste generated during aliquotting and from used vials must be disposed of in
accordance with the facility hazardous waste procedures. The Health and Safety
Director should be contacted if additional infannation is require.d.

16 REFERENCES

16.1 SW846, Test Methods for Evaluating Solid Waste, Third Edition, Update II, October
1994, Semivolatile Organic Compounds by Gas ChromatographylMass Spectrometry
(GClMS): Capillary Column Technique, Method 82708.

16.2 1. W. Eichelberger, L. E. Harris. and W. L. Budde, "Reference Compound to
Calibrate Ion Abundance Measurement in Gas ChromatographylMass Spectrometry."
Analytical Chemistry, 47, 995 (1975)

17 MISCELLANEOUS

17.1 Modifications from Reference Method

17.1. J A retention time window of 0.2 minutes is used for all components. since some
data systems do not have the capability of using the relative retention time units
specified in the reference method.

17.1.2 The quantitation and qualifier ions for some compounds have been changed from
those recommended in SW-846 in order to improve the reliability of qualitative
identification.

17.2 Modifications from Previous Re\'ision

17.2.1 This SOP has been substantially revised [Q meet the requirements of method
8270C.

17.2.2 Directions for analysis bt.. method 625 ha....e been added as an attachment.
.....

17.2.3 SOP has been revised to include a 5 mL final volume.
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17.3 Facility Specific SOPs
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Each facility shall attach a list of facility specific SOPs or approved attachments (if
applicable) which are required to implement this SOP or which are used in
conjunction with this SOP. Ifno facility specific SOPs or amendments are to be
attached, a statement must be attached specifying that there are none.

17.4 Tables
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Quanterra Primary Standard' and Standard Reporting Limits

Analytes CAS Number Standard Reponing Limits
Aqueous Low SoiVSediment

.gIL .glkg
Pyridine 110-86-1 20 660
N-nitrosodimethylamine 62-75-9 10 330
Aniline 62-53-3 10 330
Phenol 108-95-2 10 330
Bis{2-chloroethyl)ether 11144-4 10 330
2-Chlorophenol 95-57-8 10 330
l.3-Dichlorobenzene 541-73-1 10 330
1,4-Dichlorobenzene 106-46-7 10 330
Benzyl alcohol 100-51-6 10 330
1.2·Dichlorobenzene 95-50-1 10 330
2-Methylphenol 95-48-7 10 330
2.2·-oxybis( l-chloropropane)1 108-60-1 10 330
4-Melhylphenol 106-44-5 10 330
N-NiuOS<Kli-n-propylamine 621-64-7 10 330
Hexachloroethane 67-72-1 10 330
Nitrobenzene 98-95-3 10 330
lsophorone 78-59-1 10 330
2-Nitrophenol 88-75-5 10 330
2,4-0imethylphenol 105-67-9 10 330
Benzoic acid 65-85-0 50 1600
Bis(2-chloroethoxy)methane 111-91- t 10 330
1.4-Dichlorophenol 120-83-2 10 330
1.2.4-Trichlorobenzene 120-82-\ 10 330
Naphthalene 91-20-3 10 330
~-Chloroaniline 106-0-8 10 330
He:<achlorobutadiene 8;·68-3 10 330
4-Chloro-3-methylphenol 5Q·50-7 10 330
::!-Melhylnaphthalene Q1-57-6 10 330
He:<achlorocyclopenladiene 7'...H-! 50 1600
::!.4.6-Trichlorophenol 88-06-2 10 330
::!A.5-Trichlorophenol 9:u~5-4 10 330
::!-Chlof\lnaphthalene 9t-:,8-7 10 330
~-Nitroaniline 81$- 7~.....J 50 1600
Oimeth~ I phthalate \31-11-3 10 330
Acenaphthylene ::!08-Q6-8 10 330
:;-l'iitroaniline q<>.Q9-::! 50

.
1600

Acenaphrhene 8:;-31-~ 10 330
2.~-Dinitrophenol 51·2~·:' 50 1600.
~.Nitrophenol 1on-o::!-7 50 1600
DibenLofuran 13~·(>.l·9 10 330
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Quaoterra Primary Standard l anc Standard Reporting Limits

Analytes CAS Number Standard Reponing Limits
Aqueous Low SoiVSediment

.gIL .glkg
2,4-Dinitrololuene 121-14-2 10 330
2.6-Dirdtrotoluene 606-20-2 10 330
Diethylphthalatt 84-66-2 10 330
4-Chlorophenyl phenyl ether 7005-72-3 10 330.
Fluorene u-.73-7 10 :330
4-Nitroaniline I()()..()1-6 50 1600
4.6-Dinitro-2-methylphenol 534-52-1 50 1600
N-Nitrosodiphenylamine 86-30-6 10 330
Azobenzene 103-33-3 10 330
4-Bromophenyl phenyl ether 101-55-3 10 330
Hexachlorobenune 118·74-1 10 330
Pentachlorophenol 87-86-5 50 1600
Phenanthrene 85-01-8 10 330
Anth:.:l.cene 120-12-7 10 330
Carbazole 86-74-8 10 330
Di-n-butyl phthalate 84-74-2 10 330
Fluoranthene 206-44-0 10 330
~nzidine 92-87-5 100 3300
Pyrene 129-00-0 10 330
Butyl benzyl phthalate 85-68-7 10 330
3.3'-Dichlorobenzidine 91-94·1 50 1600
Benzo(a)anthracene 56-55·3 10 330
Bis(2-dlylhexyl)phthalate 117-81·7 10 330
Chrysene 218-01·9 10 330
Di-n-ocrylphthalale 117-84-0 10 330
Benzo(b)fluoranthene 205-99-2 10 330
Benzo(k)fluoranthene 207·08·9 10 330
Benzo(a)pyrene 50-32·8 10 330
Indeno( 1.23.cd)pyrene 193.30-5 10 330
Dibenz(a.h)anthracene 53-70·] 10 330
Benzo(g,h,i)perylene 191·24-2 10 330

The Quanterra primary standard is the standard normall~ used at Quamerra. Additional standards, such as the
Appendi.\.:X standard may be neeessary 10 include all targ<:1 anal~tes r<:quircd for some clients.

~.2·o"ybiS( '.chloropropane) was fonnally known as bis(~.,;hloroisoprop~ l~ther
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Quaoterra Appendix IX· Standard Reporting Limits

Semivolatiles CAS Number Standard Reporting Limits
Aqueous Low SoiVSediment

~gI\. ~glkg

2·Picoline 109-06-8 20 660
N-Nitrosomelhyle[hylamine 10595-95-6 10 - 330
Methyl methanesulfonate 66-27-3 10 330
N-Nitrosodielhylamine 55·18·5 10 330
Ethyl methanesulfonate 62-50-0 10 330
Pentachloroethane 76-01-7 50 1600
Acetophenone 98-86-2 10 330
N·NitroSOpyrrolidine 930-55·1 10 330
N·Nitrosomorpholine 59-89-2 10 330
~Toluidine 95-53-4 20 660
3-Methylphenol 108-39..4 10 330
N.Nitrosopiperidine 100-75-4 10 330
0,0.0-Triethyl-Phosphorothioatc! 126-68-1 50 1600
a,a-Dimethyl-phenethylamine 122-09-8 SO 1600
2.6-Dichlorophenol 87-65-0 10 330
Hexacl'lloropropene 1888-71-7 100 3300
p-Phenylenediamine I()6..S0-3 100 3300
n-Nitrosodi-n-butylamine 924-16-3 10 330
Sarrole 94-59-7 20 660
12.4.5-Tetrachlorobenzene 95-94-3 10 330
lsosafrole 120-58-1 20 660
l.4-Dinitrobenzene 100-25-1 10 330
l.4-Naphthoquinone 130-15-4 50 1600
13-Dinirrobenzene 99-65-0 10 330
Penlachlorobc:nzene 608-93-5 10 330
l-Naphthylamine 134-32-7 10 330
2·Naphthylamine 91-59-8 10 330
2.3A.6-Tetrachlorophenol 58-90-:! 50 1600
5-Nirro-o-toluidine 99-55-8 20 660
Thionazin= 297-97--:' 50 1600
1.3.5-Trinitrobenzene 99-35.... 50 1600
Sulfotepp: 3689·104·5 50 1600
Phorcue: 198-01--:' 50 1600
Phenacetin 62-44·-:' 20 660
Diallate' 2303-16-l 20 660
Dimethome: 60-51-5 20 660
4-Arninobiphen~ I 91-67- [ 50 - 1600
Pentachloronitrobenzene 81-68-8 50 1600
Pronamide 23950-58-5 20 660
Disulfolttn: - 198-004-04 50 1600
:!-s<cbu(~ 1-l.6--dinitrophenol (Dinoseb) 88-85-7 20 660
-"'k'thyl Parathion; 198-00-0 50 1600
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Table 2

SOP No: CORP~MS-OOOINC
Revision No: 2.1
Revision Date: 01125199
Page 33 of 55

Quantura Appendix IX' Standard Reporting Limits

Semivolatiles CAS Number Standard Reporting Limits
Aqueous Low SoiVSediment

~gIL J1.glkg
4-NitroquinoJine-I-oxide 56-57-5 100 3300
·Pat'3thion~ 56-38-2 50 1600
Methapyrilene 91-80-5 50 1600
Aramite 140-57-8 20 - 660
·Isodrin) 465-73-6 10 330
-Kepone% 143-50-0 100 3300
Famphur' 52-85-7 100 3300
p-{Dimethylamino)azobenzene 60-11-7 20 660
p-ChJorobenzilate' 510-15-6 10 330
3,3'-Dimethytbenzidine 119-93-7 50 1600
2-Acetylaminofluorene 53-96-3 100 3300
Dibenz(aj)acridine 224-42-0 20 660
7. I2-Dimethylbenz(a)anthracene 57-97-6 20 660
3-Methylcholanthrene 56-49-5 20 660

The Appendix IX standard contains additional analytes required for the Appendix IX list. The Quanterra
primary standard must also be analyzed to include all of the Appendix IX list.

May also be analyzed by method 8140 or 8141. which can achieve lower reponing limits.

It i:i highly recommended that Famphur is analyzed by method 8081. Il is a poor responder by 827OC.

• These compounds are analyzed by GC methods at Quanterra. North Canton.

",
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Table 3

SOP No, CORP-MS-OOOINC
Revision No: 2.1
Revision Date: 01125199
Page 34 of 55

Reporuble Analytes for Quanterra Standard Tests, Prim2rY Standard

Analyte CAS Nwnber Quamerra TCLP TCL Appendix IX
Standard List

Pyridine 110-86-1 X X
N-nitrOSOdimethylamine 62-75-9 X
Aniline 62-53-3 - X
Phenol 108-95-2 X X X
Bis(2-chloroethyl)ether 111-44-4 X X X
2-Chlorophenol 95-57-8 X X X
1.3-Dichlorobenzene 541-73-1 X X X
lA-Dichlorobenzene 106-46-7 X X X X
Benzyl alcohol 100-51-6 X
12-Dichlorobenzene 95-50-1 X X X
2-Methylphenol 95-48-7 X X X X
2.2'-oxybis( I-<:hloropropane)' 180-60-1 X X X
4-Merhylphenol 106-44-5 X X X X
N-Nitroso-di-n-propylamine 621-64-7 X X X
Hexachloroethane 67-72-1 X X X X
Nitrobenzene 98·95·3 X X X X
Isgphorone 78-59-1 X X X
2-Nitrophenol 88-75-5 X X X
2.4-Dimethylphenol 105-67-9 X X X
Benzoic acid 65-85-0
Bis(2-chloroethoxy)methane 111-91-1 X X X
2.4-Dichlorophenol 120-83-2 X X X
1.2.4-Trichlorobenzene 120·82·1 X X X
Naphlhalene 91-20-3 X X X
4-Chloroaniline 106-47-8 X X X
Hexachlorobutadiene 87-68-3 X X X X
4-Chloro-j-methylphenol 59-50-7 X X X
2-M ethy lnaph lhalene 91-57-6 X X X
Hexachlorocyclopemadiene 77-47-4 X X X
1.4.6-Trichlorophenol 88-06-2 X X X X
:!A.5-Trichlorophenol 95-95-4 X X X X
1-Chloronaphthalene 91-58-7 X X X
.2-Nitroaniline 88-74-4 X X X
Dim~lh~ I phlhal;]t~ 131-11-3 X X X
A.:~naphth~ len~ 208-96-8 .X X X
~·Nilmanjljne 99-09-2 X X X
Acenaphthene 83-32-9 X X X
2A-Dinjtroph~nl)1 51-28-5 X - X X
-l.Nilropht'lIol 100-02-7 X X X
Di~n/.o(ur..tn 132-64-9 X X X
::•.1- DiniuOlol uenl!' -- 121-14-2 X X X X.
.2.6- Oi nilrollJluen~ 606-20-2 , X X
Dieth~ Iphlh;)I~(e 84-66-2 X X X
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Table 3

SOP No: CORP-MS-OOOINC
Revision No: 2.1
Revision Date: OIf25199
Page 35 of55

Reportable Analytes for Quantcrra Standard Tests, Primary Standard

Analyte CAS Number Quanterra TCLP TCL Appendix IX
Standard List

4-Chlorophenyl phenyl ether 700S·n-3 X X X
Fluorene 86-73-7 X X X
4-Niuoaniline I~I-o X X X
4,6-Dinitro-2-methylphenol 534-52-1 X X X
N-Nitrosodiphenylamine 86-30.6 X -X X
Azobenzene" 103-33-3
4-Bromophenyl phenyl ether 101-55-3 X X X
Hexachlorobenzene 118-74-1 X X X X
Pentach loropheno1 87-86-5 , X X X X
Phenanthrene 85-01-8 X X X
Anthracene 120-12-7 X X X
Carbazole 86-74-8 X X
Di-n-butyl phthalate 84-74-2 X X X
Fluoranthene 20644-0 X X X
Benzidine 92-87-5
Pym>e 129-00-0 X X X
Buryl benzyl phthalate 85-68-7 X X X
3.3'·Dichlorobenzidine 91-94-1 X X X
SeRzo(a)anthr:lcene 56-55-3 X X X
Bis(2-ethylhexyl)phmalate 117-81-7 X X X
Chrysene 218-01-9 X X X
Di-n-octylphthalate 117-&4-0 X X X
Benzo(b)f1uoranmene 205-99-2 X X X
Benzo(k)nuoranthene 207-08·9 X X X
Benzo(a)pyrene 50-32-8 X X X
Indeno( [.:U-cd)pyrene 193-39-5 X X X
Dibenz( a.h}anthracene 53-70-3 X X X
Benzo(g.h.i)perylene 191·24-2 X X X

J~·o"l;ybiS( I-<:hloropropane) was formally known as bis(2-chloroisopropyllether

Azobcnzene is formed b)' decomposition of 1.2·diphenlyhydrazine. If 1.2..<fiphen~Ihydrazine is requested. it will
~ <In<ll~ zed as azobcnzene.

'.
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Table 4

SOP No, CORP-MS-OOOINC
Revision No: 2.1
Revision Date: 01/25/99
Page 36 of 55

Reportable analytes for QU3nterra Standard Tests, Appendix IX Standard

Semivolariles CAS Number Quanterra TCLP TCL Appendix IX
Standard List

2-Picoline 109-06-8 X
N-Nitrosomethylethylamine 10595-95-6 X
Methyl methanesulfonate 66-27-3 - X
N-NitTosodiethylamine 55-18-5 X
Ethyl methanesulfonate 62-50-0 X
Pentachloroethane 76-01-7 X
Acetophenone 98-86-2 X
N-Niuosopyrrolidine 930-55-2 X
N-NitrOSOOlorpholine 59-89-2 X
o-Toluidine 95-53-4 X
3-Methylphenol 108-39-4 X
N-Nitrosopiperidine 100-75-4 X
0,0,0-Triethyl-Phosphorothio3te! 126-68-1 X
a,a-Dimethyl-phenethylamine 122-09-8 X
2.6-Dichlorophenot 87-65-0 X
Hexachloropropene 1888-71-7 X
p-Phenylenediamine 1()6..S().3 X
n-Nitrosodi-n·butylamine 924-16-3 X
Safrole 94-59-7 X
1.2,4,5-Tetrachlorobenzene 95-94-3 X
lsosafrole 120-58-1 X
1,4-Dinitrobenzene 100-25-4
lA-Naphthoquinone 130-15-4 X
1.3-Dinitrobenzene 99-65-0 X
PentachJorobenzene 608-93-5 X
l-Naphthylamine 134-32-7 X
2-Naphthylamine 91-59-8 X
2.3.4.6-Tetrach lorophenoJ 58-90-2 X
5-Nitro-o-toluidine 99-55-8 X
Thionazin= 297-97-2 X
1.3.5-Trinitrobenzene 99-35-4 X
Sulfotepp: 3689-24-5 X
Phorato:: 3:98-02-2 X
Phenaco:tin 62-44-2 X
Diallato: 2303-16-4 X
Dimethoate: 60-51-; X
4-Aminobiphen~ 1 92-67-1 X
Pentachloronitrobenzene 82-68-8 - X
Pronamido: 23950-58-5 X
Disulfocon: 298-044 X
2-secbu!~ 1·~.6-dlnitrophenor 88-85-7 X
(Dinos.:b,: .
• Meth~ I parathilln: 3:98-00-0 X
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Table 4

SOP No: CORP-M~INC
Revision No: 2.1
Revision Date: 0 I/25/99
Page 37 of55

Repomble 3nalytes (or Quantema Sundard Tests, Ap~ndix IX Standard

Semivolatiles CAS Number Quanterra TCLP TCL Appendix IX
Standard List

4-Nirroquinoline-I-oxide 56-57-5 X
·Parathion~ 56-38-2 X
·lsodrinJ 465-73-6 X
.Kepone 1 143-5()"() X
Famphur 52-85-7 . X
Methapyrilene 91-80-5 X
Aramitc: 140-57-8 X
p-{Dimethylamino)azobenzene 60-11-7 X
JK:hlorobenzilateJ 510-15-6 X
3,3'-Dimethylbenzidine 119-93-7 X
2-Acetylaminofluorene 53-96-3 X
Dibenz(aj)acridine 224-42-0
7,12- Dimethy lbenz(a)anthracene 57-97-6 X
3-Methylcholanthrene 56-49-5 X
Hexachlorophene' 70-304 X
Diphenylamine~ 122-39-4 X

,

•

•

May also be analyzed by method 8140 or 8141, which can achieve lower reponing limits.

May also be analyzed by method 8080 or 8081, which can achieve lower reponing limits

Hexachlorophene is a required analytt for Appendix IX. This compound is not stable. and therefore not
included in the calibration standard. Tk characteristic ions for hexachlorophene are searched for in the
chromatogram. (See section 12.2.1)

Diphen)"lamine is a required compound for Appendix IX. N·nitrosodiphenyl~ine decomposes in the injection
pon to fonn diphenylamine. Therefore these two compounds cannot be distinguished. Diphenylamine is not
included in me calibration standard.

These compounds are analyzed by GC methods at Quanterra, Nonh Canton .
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Table 5

Suggested Instrumental Conditions

SOP No, CORP-MS-OOOINC
Revision No: 2.1
Revision Date: 01/25/99
Page 38 of55

Mass Range
Scan Time
Initial Column TemperatureIHold Time
Column Temperature Program
Final Column TemperarurelHold Time

Injector Temperature
Transfer Line Temperature
Source Temperature

Injector
Sample Volume
Carrier Gas

35-500 amu
<I second/scan
40"C for 2 minutes
40 - 32O"C at 11.5°0min
3200c (until at least one minute after.
benzo(g.h,i)perylene has eluted)
250 - 3000c
250 - 3000c
According to manufacrurer's
specifications
Grob-type. split I splitless
lor2pl
Helium at 30 em/sec

Table 6

DFTPP Key Ions and Ion Abundance Criteria

Ma;s Ion Abundance Criteria

SI .30 • 60% of mass 198
68 <2% of mass 69
70 <2% of mass 69
1:!7 40 - 60% of mass 198
197 <1% of mass 198
198 Base peale. 1000/0 relati ... ~ abundance
199 5 - 9% of mass 198,,- 10-30% of mass 198_.)

365 >1°-0 of mas!: IQ8
.j41 Present. but less than mass +f3
J.J2 >40'. of mass IQ8
J.J, 17· :23% of mas~ -142
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Table 7

SOP No: CORP-MS-OOOINC
Revision No: 2.1
Revision Date: 0 In.5199
Page 39 0(55

Analytes in Approximate Retention Time Order and Characteristic: Ions, Primary Standard

AnaJyte Primary Secondary Tertiary
N-nitrosodimethy lam ine 14 42
Pyridine 79 52
2-Fluorophenol (Surrogate Standard) 1I2 64 63
Pbenol~5 (Surrogate Standar-d) 99 42 " 71
Aniline 93 66
Phenol 94 65 66
Bis(2-chloroethyl)ether 93 63 95
2-Chlorophenol 128 64 130
1.3-Dichlorobenzene 146 148 113
1,4-Dichlorobtnzene.-d4 (Internal 152 150 115
Standard)
1,4-0ichlorobenzene 146 148 II]

Benzyl Alcohol 108 79 77
l;l-Dichlorobenzene 146 148 113
2-Methylphenol 108 107 79
2,2'-oxybis( l-chloropropane)1 45 17 79
4-Methylphenol 108 107 79
N-NitrOSO-di-n-propylarnine 70 42 101.130
Hexachloroethane 117 201 199
Nitrobenzene-d5 (5u rrogate 82 128 54
Standard)
Nitrobenzene 71 !?' 65->
lsophorone 82 95 138
2-Nitrophenol 139 65 109
2,4-Dimethylphenol 107 121 121
Benzoic Acid 122 105 71
Bis(2-chloroethox~ )m.:thane 93 95 1"->
2.4-Dichlorophenol 162 164 98
1,2.4-Trichlorobt:nzene 180 182 1-l5
Naphthale:ne-d8 (Internal Standard) 136 68 54
Naphthalene 128 129 127
4-Chloroaniline 127 1:29 65
Hexachlorobutadiene 225 2" »,-, --"
4·Ch loro-j-meth:-lphenol 107 144 1...2
2-Melhylnaphthalene 142 141 115
Hexachlorocyclopentadi~n..: 2j7 )' " 27::!->'
:U.6-Trichlorophenol 196 198 ~OO

2..45-Trichlorophenol 196 198 ~OO

2-FluOfobiphenyl (Surr~ale 172 171
"

170
Standard)
2-Chloronaphthalen..: 162 164 1'-.'
2-Nilroaniline ". 65 92 Ij8
Dim.:th~ Iphehalace 163 194 164
Acenaphlh~ I~c I") 151 l:'~,.
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Table 7

SOP No: CORP·MS-OOOINC
Revision No: 2.1
Revision Date: 01(25199
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Analytes in Approximate Retention Time Order and Characteristic Ions, Primary Standard

Analyte Primary Secondary Tertiary
2.6-Dinitrololuene 165 63 89
Acenaphtbent'-dIO (Internal 164 162 160
Standard)
3-Nitroaniline 138 108 92
Acenaphthene 153 152 154
2,4-Dinitrophenol 184 63 - 154
Dibenzofwan 168 139 84
4-Nierophenol 109 139 65
2.4-Diniuotoluene 165 63 89
DiethylphthaJatt: 149 177 150
Fluorene 166 165 167
4-Chlorophenylphenylether 204 206 141
4-Nitroaniline 138 92 108
4,6-DinitrO-2-methylphenol 198 182 77
N-Nitrosodiphenylamine 169 168 167
2,4,6-Tribromopbenol (Surrogate 330 332 141
Standard)
Azobenzene 77 182 105
4-Bromophenylphenylether 248 250 141
Hexachlorobenzene 284 142 249
Pentachlorophenol 266 264 268
Phenanthrene-dIO (Internal 188 94 80
Standard)
Phenanthrene 178 179 176
Anthracene 178 179 176
Carbazole 167 166 139
Di-n-burylphthalate 149 150 104
Fluorantbene 202 101 100
Benzidine 184 92 185
Pyrene 202 101 100
Terphenyl-dt4 (Surrogate Standard) 244 122 112
Butylbenzylphthalate 149 91 206
Benzo(a}Anthracene 228 229 226
Chrysene-d12 (Internal Standard) 240 120 136
3.3'·Oichlorobenzidine ' -, 254 126-,-
Chry~ne 228 226 229
Bis(2-ethylhexyl)phthalate 149 167 279
Di-n-ocrylphthalate 149 167 4;
Benzo(b)fluoranthene 252 ' -- 115-"
&nzo{k Itluoranthene ' -, ,-- 1'--,- -" ~)

Benzo(a)pyrene 252 253 " -- ..,::>

Perylene--d12 (Internal Standard) 26-1 260 265
Indeno( 12.3-cd)pyren~ 276 138 ,--

-" ,
Oibenz{a.h)anthracene ". 278 139 279
Benzo(g.h.i)pel)"lene - 276 138 277
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Table 8

SOP N., CORP-MS-OOOINC
Revision No: 2.1
Revision Date: 0 In.5J99
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Analytes in Approximate Retention Time Order and Characteristic Ions, Appendix IX Standard

Analyte Primary Secondary Tertiary
2·Picoline 93 66 92
N·Nitrosomethylethylamine 88 42 43
Methyl methanesulfonate 80 79 65
N-Nitrosodiethylamine 102 44

.
57

Ethyl methanesulfonale 79 109 97
Pentachloroethane 117 119 167
Acetophenone 105 77 120
N-NitrosOpyrrolidine 100 41 42
N-Nitrosomorpholine 116 56 86
()o-Toluidine 106 107
3-Methylphenol 108 107 77
N-Nitrosopiperidine 114 42 55
0,0,0--Triethyl-Phosphorothioate 198 121 93
a,a-Dimethyl-phenethylamine 58 91
2.6-Dichlorophenol 162 164 63
Hexachloropropene 213 215 211
p-Phenylenediamine 108 80
n-Nitrosodi-n-butylamine 84 57 41
Safrole 162 104 77
1.2,4,5-Tetrachlorobenzene 216 214 218
lsosafrole I 162 104 131
lsosafrole 2 162 104 131
1,4-Dinitrobenzene 168 75 122
IA-Naphthoquinone 158 104 102
1.3-Dinitrobenzene 168 75 76
Pentachlorobenzene 250 248 252
I-Naphthylamine 143 115
2-Naphthylamine 143 liS
2,3 A.6·Tenachlorophenol T1 230 131-,-
5-Nitro-o-toluidine 1-' 77 106,-
Thionazin 97 96 I·U
1.3.5·Trinitrobenzene 213 75 I~O

Sulfotepp 97 'n ~O~,--
Phorale 75 97 1~1

Phenacelin 108 179 10'>
DiaJlate 86 234
Dimelhoale 87 93 I"'''
4·Aminobiph~n~ I 169
Pentachloronilrobenzene ~37 142 . 21J
Pronamide 173 115 ~55

Disulfoton 88 97 89
2·se<:bu~ l-t6-dinilroph~nol {Dinos.:b t 211 163 looP
Methyl parathion 10'> 125 263
4-Niuoquinoline·I-oxid~ 190 118 160
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Table 8

SOP No, CORP-MS-OOOINC
Revision No: 2.1
Revision Date: 01125199
Page 42 orss

Analytes in Approximate Retention Time Order and Characteristic: laos, Appendix IX Standard

Analyte Primary Secondary Tertiary
Parathion 109 97 291
lsodrin 193 66 195
Kepone 272 274 237
Farnphur 218 125 93
Methapyrilene 97 58
Aramite 1 185 319
Aramite 2 185 319
p-{Dimethylamino)azobenzene 120 225 77
p-Chlorobenzilate 251 139 ? ---"
3,3'-Dimethylbenzidine 212 106
2·Acerylaminofluorene 181 180 223
Dibenz(a,j)acridine 279 280
7,12-Dimethylbenz(a)anthracene 256 241 120
3-Methylcholanthrtne 268 252 253

Table 9

8270C LCS Compounds

LCS Compounds Spiking Level. ngl~L in extract l

1,2,4-Trichlorobenzene 100
Acenaphthene 100
2,4-Dinitrolo!uene 100
Pyren, 100
N-Nirroso-<ii-n-propylamine 100
1,4-Dichlorobenzene 100
Pentachlorophenol 150
Phenol 150
2-Chlorophenol 150
4-Chloro-3-methylphenol 150
4-Nitrophenol 150

I Levels ate 50 and 75 ng/IJL if~ III inj~cfion is used
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Table to

TCLP LCS Compouods

SOP No: CORP-MS-OOOINC
Revision No: 2.1
Revision Date: Olf2.5199
Page 43 of 55

,
LCS Compounds Spiking Level, ngl~L in exn-ad

1,4-Dichlorobenzene 100
2,4-Dinitrotoluene 100
Hexachlorobenzene 100
Hexachlorobutadiene 100 .
Hexachloroethane 100
2-Methylph~:tol 100
3-Methylphenol 100
4-Methylphenol 100
Nitrobenzene 100
Pentachlorophenol 100
Pyridine 100
2,4,5-Trichlorophenol 100
2,4,6-Trichlorophenol 100

I Levels are 50 nglJ.1l in IJ.L injection is used

Recovery limits for the LCS and for marrix spikes are generated from historical data and are maintained by the QA
department.

Table II

8270C Surrogate Compounds

Surrogate Compounds Spiking Level, ng.:!J.L in extrac

Nitrobenzene-d5 100
2-F1uorobiphenyl 100
Terphenyl~14 100
1.2-0ichlorobenzene-d4' 100
Phenol-d5 150
2-Fluorophenol 15{l
2.4.6-Tribromophenol ISO
">-Chlorophenol-d4' 15{l

'Induced in Standard mix. but not routinely ~\aIUal~d for mt:thod 82708

! Lt:vels are 50 and 75 ng:'~IL if 2 ,uL injection is us~d

R~covery limits for surrogates are gen~rat~d frOO) historical data and art: maintain~d b: the QA depanm~nt.
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Table 12 l

Calibration Levels., Primary Standard Jlg/mL,
Analyte Level I Level 2 Level 3 Level 4 Level 5
Pyridine 10 25 40 60 80
N·nitrosodimethylamine 10 25 40 60 80
Aniline 10 25 40 60 80
Phenol 10 25 40 60 80
Bis(2-eh loroethyl)ether 10 25 40 60 80
2-Chlorophenol 10 25 40 60 " 80
1.3-Dichlorobenzene 10 25 40 60 80
1,4-Dichlorobenzene 10 25 40 60 80
Benzyl alcohol 10 25 40 60 80
I).-Dichlorobenzene 10 25 40 60 80
2-Methylphenol 10 25 40 60 80
2,2'~xybis( l-chloropropaneY 10 25 40 60 80
4-Methylphenol 10 25 40 60 80
N-Nitroso-di-n-propylamine 10 25 40 60 80
Hexachloroethane 10 ,- 40 60 80.,
Nitrobenzene 10 ,- 40 60 80.,
lsophorone 10 25 40 60 80
2-Nitrophenol 10 ,- 40 60 80.,
2,4-0imethylphenol 10 ,- 40 60 80.,
Benzoic acid 10 25 40 60 80
Bis(2-chloroethoxy)methane 10 ,- 40 60 80.,
2,4-0ichlorophenol 10 ,- 40 60 80.,
1,2.4-Trichlorobenzene 10 ,- 40 60 80.,
Naphthalene 10 ,- 40 60 80.,
4-Chloroaniline 10 25 40 60 80
Hexachlorobutadiene 10 ," 40 60 80"

4-Ch loro-3-methy[phenol 10 25 40 60 80
2-Methylnaphthalene 10 25 40 60 80
He~ach lorocydopentad iene 10 25 40 60 80
2.4.6-Trichlorophenol 10 15 40 60 80
2.4.5-Trichlorophenol 10 25 40 60 80
2-Chloronaphthalene 10 ,- 40 60 80.,
1-Nitroaniline 10 25 40 60 80
Dimethyl phthalate 10 ,- 40 60 80-,
Acenaphlhylene 10 :2:- 40 60 80
3-Nitroaniline 10 :2:' .a ·60 80
Acenaphthene 10 :2:' .0 60 80
1A-Dinitrophenol 10 ,- 40 60 80.,
-1-r-.;ilrophenol 10 :!5 40 60 80
Dihenzofuran 10 :!:' 40 60 80
:!.4·Dinitrotoluene 10 :5 .0 60 . 80
2.6-Din itrO(o[ucne '" :25 40 60 80
Dkth~ lphthalate III 1:' .0 60 80
J-Chlorophenyl phen~ Iether 10 25 .0 60 80
Fluorene

i
10 • 25

I
.a 60 80

J·Nitroaniline: ", I :25 .0 60 80
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•
Analytc Levell Level 2 Level 3 Level 4 LevelS
4.6-Dinitr~2-methylphenol '0 25 40 60 80
N-Nitrosodiphenylarnine 10 25 40 60 80
Azobenzene1 10 25 40 60 80
4-Bromophenyl phenyl ether 10 25 40 60 80
Hexachlorobenzene 10 25 40 60 80
Pentachlorophenol 10 25 40 60 80
Phenanlhrene 10 25 40 60 80
Anthracene 10 25 40 60 80
Carbazole 10 25 40 60 80
Di-n-butyl phthalate '0 25 40 60 80
Fluoranlhene '0 25 40 60 80
Benzidine '0 25 40 60 80
i'y«n. '0 25 40 60 80
Butyl benzyl phthalate 10 ?' 40 60 80.,
3,3'-Dichlorobenzidine '0 25 40 60 80
Benzo(a)anthracene 10 25 40 60 80
Bis(2--elhylhexyl)phthalate '0 25 40 60 80
Chrysene '0 25 40 60 80
Di-n-ocrylphthalate 10 ?' 40 60 80.,
Benzo(b)fluoranthene '0 25 40 60 80
Benzo(k)fJuoranthene '0 25 40 60 80
Benzo(a)p::OTcne [0 25 40 60 80
lndeno( 1.2.3-cd)pyrene '0 ?' 40 60 80.,
Dibenz(a.h)anthracene '0 ?' 40 60 80.,
Benzo(g,h.i)perylene '0 ?' 40 60 80.,

Table 12'
Calibration Levels, Primary Stndard JiglmL

I 2.2"oxybis{1-chloropropane) was fonnall) known as bis(2-chloroisopropyl)ether

:Azobenzene is formed by decomposition of J.2-diphenlyhydrazine. If 12-diphenylhydrazine is requested. it will
be analyzed as azoben2ene.

'Optional concentration levels - 1/5 oflhe liSled concenlrations for samples with a final volume of 5 mL.
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Semivolatiles Levell uvel2 Level 3 Level 4 levelS
2-Picoline 10 25 40 60 80
N-Nitrosomethylethylamine 10 25 40 60 80
Methyl methancsulfonate 10 25 40 60 80
N-Nitrosodiethylamine 10 25 40 60 _80
Ethyl melhanesulfonate 10 25 40 60 80
Pentachlonoedtane 10 25 40 60 80
Acetophenone 10 25 40 60 80
N-NiuosopyrroHdine 10 25 40 60 80
N-Nitrosornorpholine 10 25 40 60 80
0--Toluidine 10 25 40 60 80
3-Methylphenol 10 7· 40 60 80.,
N-Nitrosopiperidine 10 7- 40 60 80.,
0,0,0-Triethyl-Phosphorothioate 10 7· 40 60 80.,
a.,a-Dimethyl-phenethylamine 10 25 40 60 80
2,6-Dichlorophenol 10 25 40 60 80
Hex:achloropropene 10 25 40 60 80
p-Phenylenediamine 10 25 40 60 80
n-Nitrosodi-n-butylamine 10 25 40 60 80
Safrole 10 25 40 60 80
1.2.4,5-Tetntchlorobenzene 10 25 40 60 80
lsosafrole I ... 2 10 25 40 60 80
1,4-Dinitrobenzene 10 7· 40 60 80.,
1.4-Naphl:hoquinone 10 7- 40 60 80-,
1.3-Dinittobenzene 10 25 40 60 80
Pentachlofobenzene 10 25 40 60 80
l-Naphthylarnine 10 7· 40 '60 80.,
2-Naphthylamine 10 7- 40 60 80-,
2.3.4.6-TetrachlorophenoI 10 25 40 60 80
5-1'1 itro-o--tolu id ine 10 7· 40 60 80-,
Thionazin 10 7- 40 60 80-,
1.3.5-Triniuobenzene 10 ,- 40 60 80-,
Sulfotepp 10 ,5 40 60 80
Phorate 10 25 40 60 80
Phenacetin 10 ,- 40 60 80-,
Diallatt J - 2 10 15 40 60 80
Dimethoate 10 25 40 60 80
J·Aminobiphenyl 10 25 40 60 80
Pentachloronilrobenzene 10 ,- 40 60 80-,
Pronamide 10 25 40 60 - 80
Disulfoton 10 25 40 60 80
:2·secbutyl .....t6-<1 initrophenol (Din oSC!b) 10 25 40 60 80
-Methyl parathion -, 10 25 40 60 80
4-N itroquinoline-I-oxioe 10 25 40 60 80
• Parathion 10 25 40 60 80
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Semivoiatiles Levell Level 2 Level 3 Level 4 LevelS
-Isodrin 10 25 40 60 80
·Kepone 10 25 40 60 80
Famphur 10 25 40 60 80
Methapyrilene 10 ,- 40 60 80-,
Aramite I and 2 10 25 40 60 80
p{Dimethylamino)azobenzene 10 ,- 40 60 80-,
p-Ch lorobenzilare 10 ,- 40 60 80-,
3,3'·Dlmemylbenzidine 10 25 40 60 80
2-Acetylaminofluorene 10 25· 40 60 80
Dibenz (aj)acridine 10 ,- 40 60 80-,
7, 12-Dimethylbenz(a)anlhracene 10 ,- 40 60 80-,
3-Methylcholanthrene 10 25 40 60 80

• These compounds are not in the Quanterra North Canton Standard Mix,

:!()ption.·: concentration levels" 115 of the listed concentrations for samples with a fmal volume of 5 mL.

Table 14
loiml demonstration ruovery and precision limits

Compound Spiking Limit for Relative limit for average
concentration Standard Devialion recovery. %

,gil
Acenaphlhene 60 27.6 60.1-132.3
Acenaphlhylene 60 40.2 53.5-126.0
Aldrin ' 60 39.0 7.2-152.2
Anthracene 60 32.0 43.4-118.0
8enz(a)anthracene 60 27.6 41.8·133.0
Benzo(b)f1uoranthene 60 38.8 42.0-140.4
Benzo(k)f1uoranthene 60 32.3 15 7-145.7
Benzo(a)pyren.: 60 39.0 31.7-148.0
BenZO(ghi)pc~lene 60 :58.9 0-195.0
Benzylbulyl phthalate 60 23.4 0-139.9
B-BHC 60 31.5 ~ 1.5-130.6
d-BHC' 60 :! 1.6 0-100.0
Bis(2-chloroernyl) eth.:r 60 :55.0 42.9-126.0
Bis(2-chloroethoxy)methane 60 3·tS 49.1·164.7
Bis(2-chloroisopropyl) ether 60 ~6.3 62.8-138.6
Bis<:~·e[hylhe:tyl)phthalate 60 ~I.I .18.9-136.8
~-Brom\)ph~nylphen:.1 ether 60 23.0 64.9-11":.4
2-Chloronaphthalene 60 13.0 64.5- t 13.5
~·Chlorophen~ I phenyl eUler 60 33.4 38.4·144.7
Chrysene 60 ~8.3 44.1·139.Q
~A··DDD 60 31.0 0-134.5
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Table 14
Initial demonstration recovery aod precision limits

Compound Spiking Limit for Relative limit for average
concentration Standard Deviation recovery, %

.gIL
4.4'-ODEI 60 32.0 192-119.7
4,4'-001 1 60 61.6 D-170.6
Dibenzo(a,h)anthracene 60 70.0 D-199.7
Di-n-butyl phthalate 60 16.7 8.4-1 I1.0
I)-Dichlorobenzene 60 30.9 48.6.112.0
1,3-Dichlorobenzene 60 41.7 16.7-153.9
1.4-Dichlorobenzene 60 32.1 37.3-105.7
3.3'-Dichloroberuidine 60 71.4 8.2-212.5
Dieldrin 60 30.7 44.3-119.3
Diethyl phthalate 60 26.5 0-100.0
Dimethyl phthalate 60 23.2 D-1oo.0
2,4-DinitrOloluene 60 21.8 47.5-126.9
2.6-Dinitrotoluene 60 29.6 68.1-136.7
Di-n-octylphthalate 60 31.4 18.6-131.8
Endosulfan sulfate l 60 16.7 0-103.5
Endrin aldehyde 60 32.5 0-188.8
Fluoranthene 60 32.8 42.9-1213
Fluorene 60 20.7 71.6-108.4
Heptachlor! 60 37.2 0-172.2
Heptachlor epoxide l 60 54.7 70.9-109.4
Hexachlorobenzene 60 24.9 7.8-141.5
Hexachlorobutadiene 60 263 37.8-102.2
Hexachloroethane 60 24.5 55 ')-100.0
Indeno( 1.2.3<d)pyrene 60 44.6 0-150.9
Isophorone 60 63.3 46.6-180.')
Naphthalene 60 30.1 35.6-119.6
NiU"Obenzene 60 39.3 54.3-157.6
N-Nitrosodi-n·propylamine 60 55.4 13.6-197.9
PCB-1260 1 60 54.2 19.3-121.0
Ph~nanthrene 60 20.6 65.2-108.7
~rene 60 25.2 69.6-100.0
I..:!..t-Trichlorobenzene 60 28.1 57.3-P9.7
~·Chloro-3·methylphenol 60 37.:! 40.8-127.9
2-Chlorophenol 60 28.7 36.2-120.4
2A-Chlorophenol 60 26.-l 52.5-121.7
2.J -Oimoelhylphenol 60 26.1 41.8·109.0
2...·0initrophoenol 60 49.8 0-172.9
2- Moelh~ r~.6-dinitrophenol 60 93.J 53.0-100.0
2·Nltrophenol 60 .-, 45.0-166.7.J :-.

.:J.~ilrnphenol 60 47..2 13.0·106.5
P~ntachlorophenol ., .... 60 -I.8.Q 38.1-151.8
Ph~l1ol 60 22.6 16.6-100.0
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Table ]4
Initial demonstntion re<:overy and precision limits

Compound

2,4,6-Trichlorophenol

Spiking
concentratiOn

.gIL
60

Limit for Relative
Standard Deviation

31.7

Limit for average
recovery. %

I 52.4-1292

ISince the organochlorine pcsticides and PCBs ace nonnally determined by method 8080 at Quanterra, they will not
be included in the initial demonstration ofcapability for method 8270B.

".
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MODIFICAnONS REQUIRED FOR ANALYSIS OF WASTEWATER FOLLOWING
METHOD 625

"..
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18. REQUIREMENTS FOR METHOD 625
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18.1 Method 625 is required for demonstration ofcompliance with NPDES wastewater
discharge permits. The standard analyte list and reporting limits are listed in Table
A-!.

18.2 This method can be applied only to aqueous matrices.

18.3 The tune period for this method is defined as 24 hours.

18.4 Initial calibration curve requirements:

18.4.1 The initial calibration curve for this method requires at least three points.

18.4.2 Target compounds must have RSD:5 35%.

18.4.3 If this requirement can Dot be met., a regression curve must be constructed for the
non-compliant compounds.

18.5 Continuing calibration verification requirements: All target compounds must have
%D:5 20%.

18.6 Matrix Spike and LeS requirements:

18.6.1 A full analyte spike is required for method 625. The spiking levels are given in
Table A-2.
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T.ble A-I. Qu.ntern !f.fetbod 625sund3rdreporting list 3ndreporting limits.

Analytes CAS Number Aqueous

.gIL
Phenol 108-95-2 10
Bis(2-chloroedlyl)ether 111-44-4 10
2-ehlorophenol 95-57-8 10
1,3-0ichlorobenzene 541-73-1 10
L4-Dichlorobenune 106-46-7 10
I)-Dichlorobenzene 95-50-1 10
2,2'-oxybis( l-chloropropane) 108-60-1 10
N-Nitroso-di-n-propylarnine 621-64~ 7 10
Hexachloroethane 67-72-1 10
Nitrobenzene 98-95-3 10
Isophorone 78-59-1 10
2-Nitrophenol 88-75-5 10
2,4-0irnethylphenol 105-67-9 10
Bis(2-chloroethoxy)methane 111-91-1 10
2,4-0ichlorophenol 120-83-2 10
1,,2.4-Trichlorobenzene 120-82-1 10
Naphlhalene 91-20-3 10
Hexachlorobutadiene 87-68-3 10
4-Chloro-3-methylphenol 59-50-7 10
He:o:achlorocyclopentadiene 77-47-4 50
2,4.6-Trichlorophenol 88-06-2 10
2-ehloronaphthalene 91-58-7 10
Dimethyl phthalale 131-11-3 10
Acenaphthylene 208-96-8 1.0
Acenaphthene 83-32-9 10
2A-Dinitrophenol 51-28-5 50
4·Nitrophenol 100-02-7 50
2.4-DinitrOloluene 121-14-2 10
2.6-Diniuololuene 606-20-2 10
Diethylphthalale 84-66-2 10
.J-Chlorophenyl phenyl ether 7005-72-3 10
Fluorene 86-73-7 10
-I.6-Dinirro-2-methylphenol 534-52-1 50
~-Nitrosodiphenylamine 86-30-6 10
.t-Bromophenyl phenyl elher 101-55-3 10
Hexachlorl)benzene 118-74-1 10
Pentachlorophenol 87-86-5 50
Phenan[hr~ne 85-01-8 10 -
Anlhracenc 120-12-7 10
J?i-n-butyl phthalale 84-74<:: 10

-fluoranthcne 206-14-0 10
Benzidine 91-87-;' 100
f>yr~ne 129-00-0 10
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Analytes

Butyl benzyl phthalate
3,3'~Dichloroben.zidine
Bcnzo(a)anthracen.
Bis(2-ethylhexyl)phthaJate
Chrysene
Di·n~lphthalate

Benzo(b)fluoranthene
Benzo{k)fluoranthene
Benzo(a)pyrene
Indeno( I .2.3'd)pyrene
Dibenz(a.h)anthracene
Benzo(g,h.i)perylene

CASNwnber

85-68-7
91-94-1
56-55-3
117-81-7
218-{)1-9
117-84-{)
205·99·2
207-08-9
S0-32-8
193·39-5
53·70-3
191-24-2

SOP No: CORP-MS-OOOINC
Revision No: 2.1
Revision Date: 01125/99
Page 53 of SS

Aqueous

10
50
10
10
10
10
10
10
10
10
10
10
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Table A-2. Metbod 62$LCS aDd MS compouDds aDd spike conulI(ntiOlls.

LCS Compounds
Phenol
Bis(2-chloroethyl)ether
2-Chlorophenol
1,3-Dichlorobenzene
I A-Dichlorobenzene
l.2-Dichlorobenzene
22'-oxybis( I-chloropropane)
N-Nitroso-di-n-propylamine
Hexachloroethane
Nitrobenzene
lsophorone
2-Nitrophenol
2,4-Dimethylphenol
Bis(2-ch loroethoxy)methane
2.4-Dichlorophenol
12.4-Trichlorobenzene
Naphthalene
Hexachlorobutadiene
4-Chloro-3-methylphenol
Hexachlorocyclopentadiene
2.4.6-Trichlorophenol
2-Chloronaphthalene
Dimethyl phthalate
Acenaphthylene
Acenaphthene
1.4-Diniuophenol
4-Niuophenol
2.4-Dinitrotoluene
2,6-Diniuotoluene
Diethylphthalate
4-Chlorophenyl phenyl ether
Fluorene
-I.6-Dinitro-2-methylphenol
N-Nirrosodiphenylamine
J·Sromophenyl phenyl ether
He~achloro~nzene

Pentach lorophenol
Ph¢nanthr¢ne
Anthracen.:
Di-n-butyl phthalate
Flul,)ranthene
B¢nzidine
Pyr¢fl¢
BUlyl benzyl phthalate
;.3" -Dichlorobenzidine

Spiking Level, nglllL in extract'
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
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LCS Compounds
Benzo(a)anthracene
Bis(2-ethylhexyl)phthalate
Chrysene
Di-n-octylphthalate
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Benzo(a)pyune
Indeno( I,2,3-cd)pyrene
Dibenz(a,h)anthracene
Benzo{g,h,i)perylene

I Levels are 50 and 75 ng/J.l.L if 2 J.l.L injection is used

•.

SOP No' CORP-MS-OOOINC
Revision No: 2.1
Revision Date: 01125199
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Spiking Level, nYJ!L in extract I

100
100
100
100
100
100
100
100
100
100
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I. SCOPE AND APPLICATION
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1.1. This method is applicable to the acid digestion ofaqueous samples. EP and mobility
procedure extracts. and wastes containing suspended solids for analysis by ICP or FLAA
of all metals except Mercury. This method is based on EPA Method 200.7 and SW846
Method 3010A and 3005A for the detennination of total and recoverable metals.

1.2. This digestion procedure is not suitable for samples which will be analyzed by Graphite
Furnace Atomic Absorption Spectroscopy, because hydrochloric acid can cause
interferences during fur!tace atomization.

1.3. This document accurately reflects current laboratory standard operating procedures
(SOP) as of the date above. All facility SOPs are maintained and updated as necessary
by the laboratory QA department.

2. SUMMARY OF METHOD

2.1. A mixrure OfHN03. HCi"and sample to be analyzed is refluxed in a beaker. The sample
volume is reduced and diluted to volume.

2.2. For dissolved metals, at the time ofcollection, the sample is filtered through a 0.45 J.1ffi
filter and the liquid phase is then acidified with nitric acid. Samples for dissolved metals
do not need to be digested as long as the acid concentrations have been adjusted to the
same concentration as in the standards.

3. DEFINITIONS

3.1. Refer to the glossary in the Quality Assurance Management Plan (QAMP).

4. INTERFERENCES

4.1. Method interferences may be caused by contaminants in solvents. reagents. glassware.
and other processing apparatus that lead to discrete anifacts. All of these materials must
be routinely demonstrated to be free from interferences under conditions of the analysis
by running laboratory method blanks as described in the Quality Control section.
Specific selection of reagents may be r~quired to avoid introduction of contaminants.

5. SAFETY

5.1. Procedures ~hall be carried out in a manner that protects the health and safety of all
Quanterra associates.
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5.3.

Eye protection that satisfies ANSI Z87.1 (as per the Chentica1 Hygiene Plan), laboratory
coat, and appropriate gloves must be worn while samples. standards, solvents, and
reagents are being handled. Disposable gloves that have been contanrinated will be
removed and discarded; other gloves will be cleaned immediately.

1.be health and safety hazards of many ofthe chemicals used in this procedure have not
been fully defined. Additional health and safety information can be obtained from the
Material Safety Data Sheets (MSDS) maintained in the laboratory. rhe following
Specific hazards are known:

53.1. The following materials are known to be corrosive: Hydrochloric Acid, Nitric
Acid

5.4. Exposure to chemicals must be maintained as low as reasonably achievably, therefore,
unless they are known to be non-hazardous, all samples must be opened, transferred and
prepared in a fume hood, or under other means of mechanical ventilation. Solvent and
waste containers will be kept closed unless transfers are being made.

5.5. The preparation of standards and reagents will be conducted in a fume hood with the
sash closed as far as the operation will permit.

5.6. All work must be stopped in the event of a known or potential compromise to the health
and safety of a Quanterra associate. The situation must be reported immediately to a
laboratory supervisor.

6. EQUIPMENT AND SUPPLIES

6.1. Beakers: 100 rnL or 150 mL

6.2. Watc~glasses

6.3. Filter Paper: qualitative grade

6.4. Hotplate: capable of maintaining 95°(' ± 4°C. or equivalent heating source

6.5. Calibrated Thennometer: 0°(' - 200°(". used to check hotplate temperature

6.6. Volumetric Flasks: 50 mL. class ,\

6.7. Graduate4 'Cylinders or equivuknt: various sizes
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6.8. Funnels

6.9. Corning Graduated Plastic BonJes or equivalent

6.1 O. Dispenser

6.11. Reagent Water Squirt BonJe

6.12. 1:1 HCl Squirt Bottle

6.13. Eppendorf and Tips

7. REAGENTS AND STANDARDS

7.1. Reagents

SOP No. NC-IP-QOO3
Revision No.3
Revision Date: 02110/99
Page50f 16

7.1.1. Nitric Acid (HNO,), Concentrated: Tracepur Plus

7.1.2. Hydrochloric Acid (HCI). Concentrated: Tracepur Plus

7.1.3. Reagent Water

7.1.4. Hydrochloric Acid (I:I): Add 500 mL of concentrated HClto 500 mL of Reagent
Water

7.2. Standards

7.2.1. Primary Stock Standards

7.2.1.I.Commercially prepared stock standards can be used at any concentration if
they are certified by the manufacturer or by an independent source.
Standards must have a purity of99.5% or greater. Standards may be
purchased v.ith individual elements or purchased in mixes.

7.2.1.2.Stock standards solutions must be replaced after one year or sooner if
comparison with a second source standard indicates a problem. Standard
solutions should be ch~ked frequently for signs of degradation or
e....aporation. .

7.2.2. L~boralory Control Samples ILCSl
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7.2.2.I.From the stock standard prepare a laboratory control sample (LCS) from a
source other than that used for the calibration standards at a concentration
listed in Table I.

7.2.3. Matrix Spike Standard

7.2.3.1.From the stock standard prepare a matrix spike standard of known
concentration for use as an MSIMSD (Section 9.4) at a concentration
listed in Table 1.

8. SAMPLE COLLECTION, PRESERVATION AND STORAGE

8.1. All samples are acidified to pH < 2 'With HNOs and stored at room temperature in plastic
or glass containers with screw caps.

8.2. For dissolved metals, all samples must be filtered through 0.45 /lID filter paper and then
acidified at the time of collection with HNOs to a pH of <2. If this procedure is not
perfonned in the field, it must be perfornted prior to digestion.

8.3. The holding time is six months from sampling to completion of analysis.

9. QUALITY CONTROL

9.1. Batch Definition

9.1.1. A batch is a group of no greater than 20 samples excluding QC samples (LCS,
Method Blank, MS, MSD) which are processed similarly, with respe<t to the
procedure. All sample setups must be initiated within a 24 hour period from the
initial preparation or extraction and without intenuption of the process. All
samples within the batch must be treated with the same lots of reagents and the
same processes.

9.2. Method Blank

9.2.1. One method blank. (MB) must be proc~ssed with each preparation batch. The
method blank consists of reagent \\'at~r containing all reagents specific to the
method that is carried through th~ ~ntir~ analytical procedure. including
preparation and analysis. Th~ m~thod blank is used to identify any system and
process interferences or contamination of the anal)'1ical system that may lead to
the reporting of devated analyte concentrations or false positive data. The
method blank should not contain J.fly analyte of interest at or above the reponing
limit.
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9.3. Labonuory Control Sample (LCS)
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9.3.1. One aqueous LCS must be processed with each preparation batch. The LCS must
be carried through the entire analytical procedure. The LCS is used to monitor
the accuracy of the analytical process. On-going monitoring of the LCS results
provides evidence that the laboratory is performing the method within acceptable
accuracy and precision guidelines.

9.3.2. A midrange LCS must be prepared with each batch of samples.

9.4. Matrix SpikelMatrix Spike Duplicate (MSIMSD)

9.4.1. One MSIMSD pair must be processed for each batch. A matrix spike (MS) is a
field sample to which known concentrations of target analytes have been added.
A matrix spike duplicate (MSD) is a second aliquot of the same sample (spiked
ideoticallyas the MS) prepared and analyzed along with the sample and matrix
spike. Some client specific data qualiry objectives (DQO's) may require the use
of sample duplicates in place of or in addition to MSIMSO's. The MSIMSD
results are used to determine the effect of a matrix on the precision and accuracy
of the analytical process. Due to the potential variability of the matrix of each
sample. these results may have immediate bearing only on the specific sample
spiked. Samples identified as field blanks cannot be used for MSIMSD analysis.

9.4.2. Ifan MSJM:SD is not possible due to limited sample volume, a laboratory control
sample duplicate (LCSD) should be analyzed. The RPD of the LCSILCSD must
be compared to the matrix spike RPD limits.

9.5. Sample Duplicates

9.5.1. At a client's request, MSs and duplicates can be perfonned in place of MSIMSDs.

10. CALIBRATION AND STANDARDIZATION

10.1. Not Applicable

I J. PROCEDl!RE

11.1. One tim~ procedural variations are allo\\"~d onI: if d~emt:d n~cessary in the professional
judgment of supen:ision to accommodat~ ':uriulion in sample matrix. radioactivity,
chemistry. sample size. or other parameters. Any variation in procedure shall be
compleldy documented using a Nonconform<.tnce \o1~mo and is approved by a Technical
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Specialist and QA Manager. If contractually required, the client shall be notified. The
Nonconformance Memo shall be filed in the project file.

11.2. Any unauthorized deviations from this procedure must also be documented as a
nonconfonnance, with a cause and corrective action described.

11.3. Sample Preparation Procedure for Total Recoverable Metals (Method 3005A)

11.3. L Transfer a 50 mL aliquot of a well~mixed sample to a beaker.

NOTE: If it is necessary to use sample volumes other than 50 mL, adjust all other
volwnes proportionately.

NOTE: LCS and Matrix Spike standards (sections 7.2.2 and 7.2.3) may be added either
before or after the addition of acids; however, consistency should be maintained.
throughout the procedure.

I 1.3.2. Add 1 rnL of concentrated HN03 and 5 mL of 1:1 Hel, cover with a watchglass,
place the beaker on a hotplate, and reflux at 95QC ±4°C, reducing the volwne of
sample to approximately 15-20 mL. Do not allow the sample to boil or go to
dryness at any stage of the digestion process. If the sample boils or goes to
dryness, the sample must be reprepared.

NOTE: Do DOt boil. Antimony is easily lost by volatilization (rom Hel media.

11.3.3. Let the beaker cool and remove the watchglass. Transfer the sample to a Corning
graduated plastic bottle ""ith snap top. Rinse sample residue from the side of the
beaker. Rinse ~ice with reagent water. Collect the rinses in the plastic bottle.
Bring the final volwne to SO mL with reagent water. Securely snap the top on the
bonle.

Il.3.3.1.If silicates or other insoluble matter are present, filter the sample through
qualitative grade filter paper into a Coming graduated plastic bonle ~ith

snap top. Rinse the sample's original beaker twice with regent water.
Drain the rinses through the filter. Make a final rinse of the filter ...tith
reagent water. Bring the tinal volume to 50 mL \...ith reagent water.
Securely snap the top on the bonk.

11.4. Sample Preparation Procedure for Total Metals (:I<1elhods 200.7 and 3010A)

11.4.1 :Transfer a 50 mL aliquot of a well·mix~d sampk to a beaker.
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NOTE: If it is necessary to use sample volumes other than 50 rnL, adjust all other
volumes appropriately.

NOTE: LCS and Matrix Spike standards (sections 7.2.2 and 7.2.3) may be added either
before or after the addition of acids; however, consistency should be maintained
throughout the procedure.

11.4.2. Using a dispenser, add 3 rnL of concentrated HNO, and 5 rnL of 1: 1 HCl. Cover
with a watchglass and place on a hotplate. Reflux at 95°C ±4°C. reducing the
volume of sample to approximately 20 mL. Do not allow the sample to boil or go
to dryness at any stage of the digestion process. If the sample boils or goes to
dryness, the sample must be reprepared.

11.4.3. Let the beaker cool and remove the watchglass. Transfer the sample to a Coming
graduated plastic bonle with snap top. Rinse the sample residue from the side of
the beaker. Rinse twice with reagent water. Collect the rinses in the plastic
bottle. Bring the final volume to 50 mL with reagent water. Securely snap the
top on the bonle.

lIA.3.1.If silicates or other insoluble matter are present, filter the sample through
qualitative grade filter paper into a Corning graduated plastic bottle with
snap top, Rinse the sample's original beaker twice Yoith reagent water.
Drain the rinses through the filter. Make a final rinse of the filter with
reagent water, Bring the final volume to 50 mL with reagent water.
Securely snap the top on the bonle.

12. DATA ANALYSIS AND CALCULATIONS

12.1. Not Applicable

13. METHOD PERFORMANCE

13. J • Each laboratory· must have initial demonstration of performance data on file and
corresponding method detection limit files.

13.2. Training Qualitications:

13.2.1. The grouplteam leader has the responsibility to ensure that this procedure is
~rfonned by an associate who has been pmperly trained 'in its use and has the
required experience..,.

14. POLLliTION PREVENTION
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14.1. This method does not contain any specific modifications that serve to minimize or
prevent pollution. ...

15. WASTE MANAGEMENT

15.1. Acid waste is disposed of in the sample prep sink with copious amounts of water.

15.2. Solid materials (gloves, soiled paper products, etc.) are placed in the .olid debris
container. Do not put liquids in the solid waste container.

15.3. Refer to the Laboratory Sample and Waste Disposal plan.

15.4. Laboratory personnel assigned to perform hazardous waste disposal procedures must
have a working knowledge of the established procedures and practices of QuanteITa
They must have training on the hazardous waste disposal practices upon initial
assignment to these tasks, followed by an annual refresher training.

16. REFERENCES

16.1. References

16. L I. SW846, Test Methods for Evaluating Solid Wastes, Third Edition, Acid Digestion
of Aqueous Samples and Extracts for Total Metals for Analysis by FLAA or ICP
Spectroscopy, Method 3005A

16. I.2. SW846, Test Methods for Evaluating Solid Wastes: Third Edition, Acid Digestion
of Aqueous Samples and Extracts for Total Metals for Analysis by FLAA or ICP
Spectroscopy, Method 30 lOA

16.1.3. EPA 200.7, Determination of Total Metals by Inductively Coupled Plasma

16.2. Associated SOPs

16.2.1. Inductively Coupled Plasma-Atomic Emission SpeCtroscopy. Spectrometric
Method for Trace Elements. CORP-MT-OOOI

16.2.2. EI~memal Analysis by Flame Atomic Absorption Spectrophotometry. NC-MT-
~I .

17. MISCELLANEOlS (TABLES, APPENDICES, ETC...)
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SPIKING PROTOCOL

.•..
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Preparation Matrix AmtofStd Initial Sample Final

Type added LCS & VoVWt Sample

. MSD Volume

ICP water 1 mL ICP-I 50mL 50mL

ImLAg

2.5 mL ICP-2

Pb,FLAA water 2.5 mL Pb 50mL 50mL

Sn, Ii, FLAA water 2.5 mL Sn, Ti 50mL 50mL
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Elements Ag ICP-I ICP-2 Flame

AgO 2.5 ppm 2.5 ppm .
Al 100 ppm

As 100 ppm

B 50 ppm

Ba 100 ppm

Be 2.5 ppm

Cd 2.5 ppm

Ca 1000 ppm

Co 25 ppm

Cr 10 ppm

Cu 12.5 ppm

Fe 50 ppm

K 1000 ppm

Mg 1000 ppm

Mn 25 ppm

Mo 50 ppm

Na 1000 ppm

Ni 25 ppm

Pb 1 25 ppm I
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Elements Ag ICP-1 ICP·2 Flame

Sb 25 ppm

50 100 ppm

Sn 100 ppm .

Sr 50 ppm

Ti 50 ppm

11 100 ppm

V 25 ppm

Zn 25 ppm

PbFLAA 100 ppm

SnFLAA 100 ppm

TiFLAA 100 ppm

'Analysis by ICP only

ODD Elements are prepared separately as needed at the following concentrations:

Bi 100 ppm

Os 100 ppm
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I. SCOPE AND APPLICATION

1.1. This document accurately retlecLS current laboratory standard operating procedures
(SOP) as afthe date abovt:. All facility SOPs are maintained and updated ~ necessary
by the laboratory QA department.

1.2. This method..is applicable to the acid digestion of soils, sludges. and othc:r solid =--amples
for analysis·b~ Flame. fumace. or lnductively Coupled Plasma Spectroscopy (FLA.-\..
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GFAA, or ICP) for all metals except Mercury. It is based on SWg46 Method 3050A and
the EPA Method referenced in Section 16.

2. SUMMARY OF METHOD

2.1. A representative 1 g sample (as received) is digested in HN03 and H20 2_ For GFAA
preparation, the digestate is refluxed with HNO,. For FLAA and ICP preparation, the
digestate is refluxed with He 1. The digestate is then diluted to volume. A separate
sample is used for dry weight detennination. -

3. DEFINITIONS

3.1. Refer to the glossary in the Quality Assurance Management Plan (QAMP).

4. INTERFERENCES

4.1. Method interferences may be caused by contaminants in solvents, reagents. glassware,
and other processing apparatus that lead to discrete artifacts. All of these materials must
be routinely demonstrated to be free from interferences under conditions of the analysis
by running laboratory method blanks as described in the Quality Control section.
Specific selection of reagents may be required to avoid introduction of contaminants.

S. SAFETY

5.1. Procedures shall be canied out in a manner that protects the health and safety of all
Quanterra associates.

5.2. Eye protection that satisfies ANSI Z87.1 (as per the Chemical Hygiene Plan). laboratory
coat, and appropriate gloves must be worn while samples, standards. sol\·~nlS. and
reagents are being handled. Disposable gloves that have been contaminated \\ill be
removed and discarded: other gloves will be cleaned immediately.

5.3. The health and saf~ty hazards of many ofth~ chemicals used in this proc~dur~ ha\'e not
been fully defined. Addi[ional health and safety infonnation can be obtained frl>m tht:
Material Safety Data Sheo::ts (\1SDS) maintained in the laboratoI)-·. Tht: followin~

specific hazards an: km.m n:

5.3.1. The followinll malerials are known to be corrosive: Nitric Acid. H,,·d.-ochloric- . .
Acid. Hydro~en Pe.-oxide.

5.4. Exposure lo'ch~mi~als must be maimained as low as reasoDab~'achie\·able. Soh·otm
and waste contain~rswill ~ kept closed unless transfers are being madt:.
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5.5. All work must be stopped in the event of a known or potential compromise to the health
and safety of a Quanterra associate. The situation must be reported immediately to a
laboratory supervisor.

6. EQUIPMENT AND SUPPLIES

6. I. Beakers: ISO mL, 100 mL

6.2. Watchglasses

6.3. Filter Paper: Qualitative

6.4. Calibrated thennometer: 0 - 200°C, used to check hot plate temperarure

6.5. Hotplate: Capable of maintaining 95°C±4°C

6.6. Top Loading Balance: Capable of accurately weighing to 0.01 g

6.7. Plastic funnels

6.8. Eppendorf repeater and 50 ml tips

6.9. Mechanical pipets

6.10. Pipet tips: disposable

6.11. Tongue blades: wooden

6.12. Corning plastic bottles ....ith snap caps

6.13. Plastic squirt bottles

6.14. Graduated dispenser

6.15. Brinkmann bottle tOP dispenser

7. REAGENTS AND STANDARDS

7.1. Reagents
'-"

7.1.1. Nitric Acid. HNU; Conc~ntraled: Reagent grade
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7.1.3. Hydrochloric Acid, HC 1, Concentrated: Reagent grade

7.1.4. Reagent water

7.2. Standards

7.2.1. Primary Stock StandardS

7.2.1.1.Commercially prepared stock standards can be used at any concentration if
they are certified by the manufacturer or by an independent source.
Standards must have a purity of 99.5% or greater. Standards may be
purchased with individual elements or purchased in mixes.

7.2.1.2. Stock standards solutions must be replaced after one year or sooner if
comparison with a second source standard indicates a problem. Standard
solutions should be checked frequently for signs ofdegradation or
evaporation.

7.2.2. Laboratory Control Samples (LCS)

7.2.2.1.From the stock standard. prepare a LCS as described in Table I.

7.2.3. Matrix Spike 'Matrix Spike Duplicate Standard (MSIMSD)

7.2.3.1.From the stock standard prepare a matrix spike (MSIMSD) as described in
Table I.

8. SAMPLE PRESERV.-\T10N AND STORAGE

8.1. Samples are not chemically preserved.

8.2. Samples are stored in pla<;tic or glass containers with screw caps at 4°C ± 2°e.

8.3. The holding time is six months from sampling (0 the completion of analysis.

9. QUALITY CONTROL

9.1. Batch Defitlilion
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9. L L A batch is a group of no greater than 20 samples excluding QC samples (LCS,
MS, MSD, Method Blanks) which are processed similarly, with respect to the
procedure. All sample setups must be initiated within a 24 hour period from
initial preparation or extraction and without intenuption afthe process. All
samples within the batch must be treated 'With the same lots of reagents and the
same processes.

9.2. Method Blank (MB)

9.2. L One method blank (MB) must be processed with each preparation batch. The
method blank consists of reagent water containing all reagents specific to the
method that is carried through the entire analytical procedure, including
preparation and analysis. The method blank is used to identify any system and
process interferences or contamination ofthe analytical system that may lead to
the reporting of elevated analyte concentrations or false positive data. The
method blank should not contain any analyte of interest at or above the reporting
limit.

9.3. Laboratory Control Sample

9.3.1. One LCS must be processed with each preparation batch. The LCS must be
carried through the entire analytical procedure. The LCS is used to monitor the
accuracy of the analytical process. On-going monitoring of the LCS results
provides evidence that the laboratory is perfonning the method within acceptable
accuracy and precision guidelines.

9.3.2. A midrange LCS must be digested with each batch of samples.

9.4. Manix SpikeIManix Spike Duplicate (MSIMSD)

9.4.1. One MSIMSD pair must be processed for each batch. A manix spike (MS) is a
field sample to which knov.n concenuations of target analytes have been added.
A matrix spike duplicat~ (MSO) is a second aliquot of the same sample (spiked
identically as the MSI prepared and analyzed along .....ith the sample and matrix
spike. Some client specific data quality objectives (DQO's) may require the use
of sample duplicates in plac~ of or in addition to MSIMSO"s. The MSIMSD
results are used to det~rmin~ the effect of a matrix on the precision and accurac~

of the analytical process. Due to the potential variability Qf the matrix of each
sample. these resuh~ may h;lxe immediate bearing only on the specific sampk
spiked. Samples identi tied as field blanks cannot be used for MSIMSO analysis.

'.
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9.4.2. If an MSIMSD is not possible due to limited sample volume then a laboratory
control sample duplicate (LCSD) should be analyzed. The RPD ofthe
LCSILCSD must be compared to the matrix spike RPD limits.

9.5. Duplicates

9.5.1. A client may request that a sample duplicate and a matrix spike are perfonned in
place of our routine MSIMSD.

10. CALIBRATION AND STANDARDIZATION

10.1. Not Applicable.

11. PROCEDURE

11.1. One time procedural variations are allowed only if deemed necessary in the professional
judgment of supervision to accommodate variation in sample matrix, radioactivity.
chemistry. sample size, or other parameters. Any variation in procedure shall be
completely docwnented using a Nonconformance Memo and is approved by a Technical
Specialist and QA Manager. If contractually required, the client shall be notified. The
Nonconformance Memo shall be filed in the project file.

11.2. Any unauthorized deviations from this procedure must also be docwnented as a
nonconformance, with a cause and corrective action described.

11.3. Sample Preparation Procedure

11.3.1. Homogenize sample in container with tongue blade.

11.3.2. Weigh and record. to the nearest 0.02 g. 1 g of sample into a beaker. For samples
with low percent solids a larger sample size may be used as long as digestion is
completed.

11.3.3. Sample Digestion

11.3.3.1.With a squirt bonl~. add approximately 5 mL of reagent v..-ater and 5 mL
concentrated HNO:;. cover with a watchglass. place the beaker on a
hotplate at 91-Q9°C. and r~l1ux 15 minutes without boiling. Add 5 mL
concentrated HNO~_ replace watchglass and reflux for an additional 30

... minutes. Add an additional 5 mL concentrated HNO:; and renux for 30
minutes.
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CAUTION: Do not allow the sample to go to dryness at any portion
of the digestion process. If the sample goes to d!Yness, the sample must
be reprepared.

11.3.3.2.Add approximately 5 - 10 mL of reagent water and I mL 30010 H2O"
cover with watchglass, and heat on hotplate. Once effervescing stops,
add H,O, in I mL increments to a total of 10 mL H,O,.

NOTE: Do Not add more than a total of 10 mL 30o~ H20 2

11.3.4. For FLAA and [CP preparation, add 5 mL concentrated HC! and reflux for 10 to
15 minutes without boiling.

11.3.5. For GFAA preparation, continue refluxing for an additional 10 to 15 minutes. Do
not add HC!.

11.3.6. Remove the beakers from the hot plate and allow them to cool.

11.3.7. Filter the sample thIough quantitative filter paper into a Coming Graduated
Plastic Bottle with snap lOp. Rinse sample's original beaker twice with reagent
water. Drain the rinses through the filter. Make a fInal rinse afthe filter .....ith
reagent water. Bring the sample final volume to 100 mL 'With reagent water.
Snap top securely on the bottle.

11.3.8. The diluted sample has an approximate acid concentration of5% v/v Hel and
15% vlv RNO, (ICPIFLAAISBl, (GFAA 15% vlv RNO, - No HCI).

12. DATA ANALYSIS A.lI/D CALCULAnONS

12.1. Not Applicable.

13. METHOD PERFORMANCE

13.1. Each laboratory must have initial demonstration of perfonnance dala on file and
corresponding method detection limit files. .

13.2. Training Qualifications:

13.2.1. The group/team leader has the responsibility to ensure that this procedure is
pe~?rmed by an associate who ha:, lle~n properly trained in its use and has the
required experience.
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14.1. Ibis method does not contain any specific modifications that serve to minimize or
prevent pollution.

15. WASTE MANAGEMENT

15.1. Acid waste is disposed in sample prep sink with copious amOWll of water.

15.2. Solid materials (gloves, soiled paper products) are placed in the solid debris container.
Do not put liquids in the solid waste container.

15.3. Refeno the Laboratory Sample and Waste Disposal plan.

15.4. Laboratory personnel assigned to perform hazardous waste disposal procedures must
have a working knowledge of the established procedures and practices of Quanterra
They must have training on the hazardous waste disposal practices upon initial
assignment to these tasks, followed by annual refresher training.

16. REFERENCES

16.1. References.

16.1.1. SW846, Test Methods for Evaluating Solid Waste. Third Edition, Acid Digestion
of Sediments, Sludges. and Soils_ Method 3050A

16.1.2. EPA 600. Methods for Chemical Analysis of Water and Wastes, Metals, Atomic
Absorption Methods, Section 4. J

16.2. Associated SOPs

16.2.1. Elemental Analysis by Flame Atomic Absorption Spectrophotometry. NC-MT
0001

16.:!.2. Graphite Furnace Analysis. ~C-MT-l>O02

16.2.3. Analysis of Water and Soil Samples hy Inductively Coupled Plasma
Spectroscopy. NC-MT-0006

17. MISCELLANEQUS (TABLES, APPENDICES. ETC...)
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Preparation Type Ann ofstd Initial Sample Final Sample

Type added LCS & Vol/Wt Volume

MSIMSD

ICP solid 2 mL ICP-I 1 ± O.02g lOOmL

5 mL ICP-2

Sb,GFAA solid 2mLGFAA 1 + O.02g lOOmL

Pb. FLAA solid 5 mL Pb 1 ± O.02g lOOmL

Sn. Ti, FLAA solid 5 mL Sn, Ti I ± O.02g lOOmL
,

As. Se. Cd, Cr solid 2mLGFAA I ± O.02g IOOmL

Pb. n. Ag.

GFAA
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Ele.nents ICP-I ICP-2 fLAME GFAA Ag Sb

Ag 0.25 ppm 2.5ppm

AI 100ppm

As lOOppm 2 ppm

B 50ppm

Ba lOOppm

Be ? -•.'ppm

Ca 10000pm

Cd ? • 0.2 ppm•.'ppm

Co 25ppm

Cr 10ppm 0.5ppm

Cu 12.5ppm

Fe 50ppm

Hg

K 1000ppm

Mg 10000pm

Mn I 25ppm,
Mo 50ppm

l'a 10000pm
>•.

• Ni ~5ppm
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Pb 25ppm lOOppm 2 ppm

Sb 25ppm 2 ppm 2ppm

Se lOOppm 2 ppm

So lOOppm IOQppm

Sr 5Qppm

Ti 5Qppm lOOppm

TI lOOppm 2 ppm

V 25ppm

W 5Qppm

Zn 25ppm
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1.1. The procedures listed in this docwnent describe the responsibilities of Sample Control
personnel in ensuring that data is transmitted correctly from the client samples to all
personnel involved with sample analysis and review.

1.2. This docwnent accurately reflects current standard operating procedUFes (SOP) as of the
date above. All facility SOPs are maintained and updated as necessary by the laboratory
QA deparunent.

2. RESPONSIBILITIES

2.1. It is the responsibility of Sample Receiving and Control personnel to perform the
procedures described herein in full compliance with this SOP.

2.2. It is the responsibility of the Laboratory Director, QA Manager, and deparunental
Supervisor of the facility to assure that the procedures described are perfonned in full
compliance with this SOP. It is also their responsibility to supply adequate training.
materials, and equipment to enable personnel to perform this SOP correctly.

3. SAFETY

3.1.

3.4,

Procedures shall be carried out in a manner that protects the health and safety of all
Quanterra associates.

Eye protection that satisfies ANSI Z87.! (as per the Chemical Hygiene Plan). laboratory
coat, and appropriate gloves must be worn while samples, standards. solvents, and
reagents are being handled, Disposable gloves that have been contaminated will be
removed and discarded: other gloves will be cleaned immediatel~·.

The health and safery hazards of many of the chemicals used in rhis procedure have not
been fully ddined, Addirional health and safety infonnation can ~ obtained from the
Material SaterI' Dam Sheets (MSDS) maintained in the laborarory

Exposure to chemicals must be maintained as low as reasonabl~'achie\-"able. rherefore.
unless they are known to be non-hazardous. all samples must be opened. transterred and
prepared in a fume hood. or under other means of mechanical \'entilation, Soh'ent and
waste containers will ~ kepl closed unless transfers are bdng made.

3,-1.. I. The.foillming materials are knol.\ll to be corrosi\.'e: Sulfuric Acid, Nitric Acid,
Hydrochloric Acid, Sodium Hydroxide.
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3.5. The preparation ofsrandards and reagents will be conducted in a fume hood with the
sash closed as far as the operation will penni!.

3.6. All work must be stopped in the event of a knO\lJl1 or potential compromise to the health
and safety of a Quanterra associate. The situation must be reported immediately to a
laboratory supervisor.

4. PROCEDURES

4.1. Any deviations from this procedure must be doctlIIlented as a nonconformance. with a
cause and corrective action described.

4.2. The Sample Control person will open and examine the shipping container, remove the
enclosed sample documents, and record the following information on the Cooler Receipt!
Narrative Form (appendix).

4.2.1. Presence of me custody seals on the outside of the cooler

4.2.2. Presence of the custody papers inside the cooler

4.2.3. The custody papers were properly filled out (ink, signed. match labels)

4.2.4. The custody papers were signed in the appropriate place

4.2.5. Presenc~ of the shipper's packing slip

4.2.6. Presence of packing material information: if yes, tYPe of packing material

4.2.7. Conditions of samples at receipt (chilled. etc.).

4.2. 7.1.lftemp vial is present. it is used to take the temperature. The temperature
of th~ temp vial is taken as soon as it is removed from the cooler. If a
temp \'jal is not present, proceed to section 4.2.7.2.

4.2.7.::!.The temperature of the coolant is recorded if a temp vial is nlH present.
This is IXrformed by placing the thermometer probe betwet:n the coolant
and the sample(s). If a coolant is not present, proceed to section ·L2.7.3.

4.2.7.3.1fnfl clx,lanl is in the cooler. the thelil10meter probe is placed between 1\':0

z'. sampk hlmh:s and the temperature recorded.
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4.2.7.4.lfthe temperature is outside 4°C ± 2°C, the anomaly is recorded on the
cooler receipt fonn and the project manager is contacted for further
instructions from the client.

4.2.8. Bottles sealed in separate plastic bags

4.2.9. Condition ofbonles upon receipt (good condition, broken, etc.)

4.2.10. Complete bottle labels (date, time, client 10)

4.2.11. Information on bottle labels and tags agree with custody papers

4.2.12. Correct bottles used for the tests indicated

4.2.13. VOA bonles were checked for the presence of air bubbles

4.2.14. Sufficient amount of sample sent in each bottle

4.2.15. Samples were received via overnight courier, client drop off, or other means

4.2.16. pH's are taken, on all preserved samples less Volatiles, TOe. and TOX by
removing sample lids and using a droplet of sample from in the lid to test the pH.
The pH's are then recorded on the cooler receipt fOnTI. The pH paper strips are
then discarded.

4.2.17. If samples are nOl at the correct pH, the pH is adjusted by adding the appropriate
preservative in 5 mL increments up to a maximum of20 mL or unless there is a
reaction. Sulfides are preserved with 6 mL Sodium hydroxide and 2 mL Zinc
acetate. The pH adjusunent is noted on the cooler receipt fonn.

4.3. The Sample Control person is to remove all sample containers. Any broken. leaking. or
dirty sample containers are to be placed inside the fume hood. Dirty sample containers
are to be cleaned appropriately. so as not to contaminate the sample storage area. The
Sample Control person is to wear disposable latex gloves. safety glasses. and a lab coat
while handling an~ :\afTlpks.

4.4. Any volatile sample(s) suspected (e.g.. odor) or known (client information or site history)
to be high in volatil~ concemr3lion. the volatiles depanment will be contacled for pick-up
and segregation of sampl~s).

>
4.5. The Samph~'Control person is to examine all documents and compare information from

sample container labeb and Chain-of·Custody Records to insure lhat there is nll
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discrepancy between documents, ensuring that all documents are properly completed and
signed. ..

4.6. If any problems or discrepancies are noted during the sample receiving process that
compromise sample integrity, such as limited sample volume, sample identification
cannot be detennined from the COC, incorrect pH levels (or preservatives if known), or
broken, leaking samples, the Project Manager is immediately notified. They in turn will
contact the client in an anempt to rectify the situation.

4.7. Ifall samples recorded on the Chain-of-Custody Record were received by the laboratory
and there are no problems observed with the sample shipment, the Sample Control person
will sign the Chain-of-Custody Record in the «Received for Laboratory by:" box on the
docwnent. If problems are noted, sign for shipment and note the problems. AI!
discrepancies are recorded on Cooler Receipt Form.

4.8. The Sample Control person \\,111 enter each sample into the laboratory computer
(QuantlMS), where a unique lot number is assigned to each project received, and
sequential sample numbers are designated for each client identification within the lot.

4.8.1. Lot Numbers: The lot nwnber is nine characters in length and is based on the date
of re<:eipl. Lot nwnber A5JO 10021 is described as follows:

A - Quanterra location where the samples were received.

(A ~ North Canton. B ~ Tampa. C ~ Pittsburgh, etc.)

5 - Last digit of the year (i.e. 1995).

J - Month (i.e. A ~ January. B ~ February, J ~ October, etc.),

01 - The next ~ num~ric characters identify the day of the month. in this case. the
first day of the month.

0021 - The next 4 numeric characters are the sequential assignment of numlxrs
specific to ~ach lot received. Each day the first "lot logged in rer.:ei\"es the
number ;'0001"'. the second lot receives the nwnber "0002·'. etc ..

for e.'<ampl~:

.
lffour bottles were submittt:"d und~r Client ID numbers AS 1OO-AB 103 and th~ lahordtory
identification numlxr g~no::r:.lted b: the computer is A2K I0000 I, then the assigned
laboratory pumber recorded on the Sample Log-in Sheet ""auld be as follows.
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Client ID Sample Number

AB 100
AB 101
AB 102
AB 103
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Assigned Laboratory Number

A2K I00001-001
A2K100001-002
A2KIOOOOJ-003
A2K10000 1-004

4.8.2. Sample Numbers: The samples in each lot are assigned a sample nwn'ber that is
attached to the lot number and are reset at each new lot. For e-xample: the first
and second samples in the lot above are labeled ASJO10121-001 and ASJO I0121
002.

4.8.3. Sample Suffixes: Each sample also has a 1 character field (which is not a
required field for all samples) called the suffix which identifies the sample as
specified below.

Client Sample no suffix

Method Blank B

Laboratory Control Sample C

Laboratory Control Sample Duplicate L

Matrix Spike S

Matrix Spike Duplicate D

Sample Duplicate X

Serial Dilution P

Sample Confinnation y
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z

I

Example: ASJOI 0121-00IX is a sample duplicate for sample ASJOIOI21-00L

4.8.4. Work Order Numbers: Each test requested by the client for an individual sample
receives an individual 8 digit work order number assigned by QuantIMS. Work
order number ASWE1-2-1 C is described as follows:

A5WEI • In addition to the three digit sample identification described in
4.7.2 (i.e. - 001 and - 002), the fI"'t S characters of the work order number also
identifies each lUlique sample. This identification is generated in QuantIMS using
a sequential logic that is beyond the scope of this SOP to describe.

2 - The ··modifier" indicates the type of run. In this case this is the second time
the sample had to be run. If it needs reprepped and run again, the number would
indicate a "3", The original analysis work order number assigns "1" to the
modifier position.

Ie· The "'suffix" is the identification of the specific test for that sample. The
suffix in this case is not always sequential, but is unique to the test to be
perfonned on the sample.

Example: A5WE 1-2-1C is the assigned 8 digit work order number for the
reanalysis of the chloride test on the sample ASWEI. A5WEI-I-OS could be the
8 digit work order number for the analysis ofSW846 8270 on sample A5WE I.

4.9. Once all sample containers have been properly labeled and all the infonnation has been
recorded by the Sample Lot Summary. the Sample Control person v.ill place the samples
into the proper storage locations. These locations are as follows:

4.9.1. Organic extractable samples (Semi ....olatiles. PesticidesIPCBs) are to be placed
into the walk-in refrigerators located in Sample Receiving.

4.9.2. Volatile samples are to lx stored in the two double-door refrigerators located in
the Sample Custodian area. One refrigerator is for MS Volatile samples and the
second is for GC Volatiles samples.

4.9.J:.l.Samples known or sus~cted to be of high concentration are not stored in
these refrigewt(\TS. The applicable \'olatile group is contacted to obtain the

.... samples tor st:gregation.
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4.9.3. Inorganic samples are to be placed into the walk-in refrigerators located in
Sample Receiving.

4.9.4. Metals samples are placed in a non-refrigerated room located in the Sample
Custodian area

5. SAMPLE CONTROL RECORD

5.1. "Jf clients who request a show of sample transfer from sample receipt to storage, a
sample control record is completed (see figure 8.::.4). This record is also referred to as an
intemaJ chain of custody (COC). Tne form is completed as follows:

5.1.1. Laboratory sample number - record·list the individual five digit work order
number in this column. List all pertaining samples in the project lot Use an
additional sheet if necessary. Do nOl record multiple lots on a sample control
record.

5.1.2. Transferred by - record name of person making the transfer

5.1.3. Date - record date of sample transfer

5.1.4. Entered· "X" or ....f. since samples are already logged into the LIMs,

5.1.5. Removed ~ leave blank since samples are not being removed

5.1.6. Reason - record "storage"

5.1.7. Date returned ~ leave blank

The completed sample control record is attached to the summary package.

6. SUBCONTR~CTING OF SAMPLES

6.1. Samples that are logged but not analyzed at the laboratory are subcontracted to different
laboratOries for analysis including Olht:r Quanterra facilities.

6.1. The LlMs system will automatically print a Sample ..c\.nalysis Requisition for these
samples upon completion of the log·in process (see figure 8.2.5):

6.3. This fonn contains infonnalion nec<:ssa~ for sample ~ :Ialysis. The original fonn is sent
to the su~ontracled laboralo~' ~md a i.:OP) is attached h) the summary package. The
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Sample Analysis Requisition form must have a relinquished signature with a date and
time. Any additional information necessary for sample analysis··must be handwritten on
the form (e.g. list of compounds, homogenizing of samples, limited quantity, etc.). In
order to track subcontracted samples, the lab purchase order number on the Sample
Analysis Requisition form must be recorded in the subcontracted sample PO book located
in the receiving log-in area.

7. DEFINITIONS

7.1. Refer to the glossary in the Quality Assurance Management Plan (QAMP)

8. APPENDICES

8.1. Comments

8.1.1. The only personnel authorized to execute this SOP are the Sample Log-In
persons.

8.1.2. Wherever "Sample Control" is mentioned in all SOPs, it is assumed to include the
sample custodian or any alternate that is designated by the Sample Control
Coordinator.

8.2. Appendix:

8.2.1. Cooler Receipt FormlNarrative

8.2.2. Preservative Preparation

8.2.3. Preservative Requirements

8.2.4. Internal Chain of Custody

8.2.5. Sample Analysis Requisition

8.2.6. Subcontracted PO Logbook
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Cooler ReceiptINarrative Form

'.
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Quantern· Cooler Receipt FonnJNlI'T2tive

Nortb Canton Facility

Client:. _

Cooler Received on.'. _

Fedx 0 Client~ Off 0 UPS 0

Project.., _

Opened on,'. _

Airborne 0 Othcr., _

by:

0.0""., _

(Sig.narUfe)

Cooler 0 Safe 0 Foam Box 0 Client Cooler 0 00<r.,__

Quantem Shipper No#: _

I. Were cUSlody seals on lIle outside of the cooler and intact?

,(YES. Quantity Locarion'- _

Yes 0 No 0

Were signaNfe and dalc correct? Yes 0 No 0 NA 0

2. Shipper"s packing slip attached 10 this form'?

3. w~ CUSlOd} papers included inside the cooler and ~linquished?

4. Did you sign the custod} papers in the appropriate place?

Ves 0 No 0

Yes 0 No 0

Yes 0 No 0

Peanuts 0 Bubble Wrap 0 Vermiculite 0 Foam 0 None 0 ether ". _

6. Coolc:r lan~ralun.: upon receiPI °C (see back of fonn for mullipk coolcMemp)

METHOD' fcmp.:ralure Vial 0 Coolant 0 Again", Bottles 0

COOLA:'>f1 Wet ke 0 Blue Ice 0

- l.I."el"l': alllh.: oonlo::- $<::lh,.-d in ,.:qIafate plaslic bags? V" 0 '00
, Did :111 ",-lUI"..,. amI e in ~ood condition (Unbroken)" Yes 0 ~o 0

'. Old all I'..luk labd:- and (~s agr« with the .:ustod} papers'? Y.:s 0 ;-.100

III Wer..: :'amJ'lk~ :llihe COrTe(;t pHo,1 Y<."S 0- '0 0 ~.-\ 0

" \A ..:r..: c..n .....:l bUllk":l u~d for the lests indic3t~d? Y..'$ 0 ~o 0
'.

12. \\. ..,...: aIr lluhhlc:-; ror~'T1t in an} VOA .. ials: y" 0 '100 \',\ 0
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13. Was a sufficient amount of sample sent in each bottle? y" 0 No 0

Contacted PM Dare: by: via Voice Mail 0 Verbal 0 Othc:r 0

COrlceming:

Ch«k-l MACRO MACRO

J. CHAIN OF CUSTODY
.

SRIA Samples were received under proper custody procedures ar.d without discrepancies.

SRIB The chain of cUSlOdy and sample bonIes did not agree. The following discrepancies
ocouneci

2. SAMPLE CONDIT/ON

SR2A Samptec:s) \~ere received or requesKd after the recommended holding time
had expired.

SR2B Sample(s) were rec:ei"'ed with Insufficienl ""olume

,
$R1C Sample{s) II en: recei, cJ in a broken container.

SR~D Sample(s) "en: received in unappr.wed containers.

J. SAMPLE PRESERVATION

, SR.3A The temperature of the cooler was ·C

SR.3B Sample{s) recdved fOf Volatik anaJ~~is was/were received with headspacc:.

SR3C Samplc(s) ....en: re..:c:ivcd incum...... I~ presaYcd and were adjusted accordingly in
sample ree..-i'l. ing..

SR3D Samplc(s) were ro:co:h~ lO<.:tlrr<Xtl~ pr...~n.::d and split off in sample receiving.

SHo.:!": Samples IS) ".::ro: r<xo:i\'~J in..:urn:..:tJ~ prt:$C:no:d and were unablo: to be analyz~d.

, \ 'i« bacl.: fur olho:r anomalies

'.
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Quanterra· Cooler Receipt FormINarrativ~

Nortb Canton facility

Client ID pH D.ate Initials

.

Cooler Temp Metbod Comments

Discrepancies Cont.

MtJ.croNa~:

MlU:roN~:

Macro !";alft/!:

Oth~r .-lnumiZ{;I!S: -

,.
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Preservative Preparation
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4N Sodium Hydroxide Add 12.0 g NaOH pellets to 800 mL reagent water in a 1000 mL
volumetric flask. Mix, cool, and dilute to volume 'With reagent water.
Store in a well labeled plastic bonle.

IN linc Acetate Add 55 gZn(C2H2~) • H20 to 200 mL reagent water in a 250 mL
volumetric flask. Mix and dilute to volume with reagent water. Store
in a well labeled plastic bottle.

1: 1 Hydrochloric Acid (18%): Slowly add 1000 mL concentrated Hel to 1000 mL reagent water and
mix. Store in a well labeled plastic coated acid bottle.

1:4 Nitric Acid (18%): Slowly add 360 mL concentrated HN03 to 1640 mL reagent water and
mix. Store in a well labeled plastic coated acid bonle.

1:2 Sulfuric Acid (33%): In a 2000 mL beaker, SLOWLY and CAREFULLY add 500 mL
concentrated H2S04 to 1000 mL reagent water and mix. A cool Vvater

bath may be needed to cool the solution and beaker. Store in a well
labeled plastic acid bottle.

NOTE: All preparations must be performl1d in a hood and proper personal
proret;rive equipml1nt must be worn. All n:uRt1nts ondfinal presen'otf\,'e
sollllion mU'i1 he documented in applh:lIhle r~aflent logbooks.
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Preservatives, Containers, and Volumes

>.
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PRESERVATIVES, CONTAINERS, AND VOLUMES

""""'''' Container Preservative ''': Volume Parameter Container • Preservative 1': Volume

Asbestos P None 250mL Radiological P HNO. 4L

Alpha. Bela, Radium

Acidity P None 250mL Hardness P HNO, 250ml

Alblinity (Sep) P None 250mL M,w, P HNO. I L

BOD P None 250mL Dissolved Metals· P HNo, I L

Carbonaceous BOD P None 250mL TOlal Organic Carbon G Hel 2 ;1(40
(TOC) mL

Bromide (Brl P None 250mL Chemical Oxygen Demand P H~SO" 250mL

Chloride «(I) p None ISOmL TOQI Org:anic HaJog.ens G H!SO~ 2S0mL

Chromium.... P None 250mL COD P H!SO. 250mL

R. Chlorine P None lOOmL Ammonia Nitr'O!en (NH,1 P H:SO. 500mL

Color p None SOmL TKN P H:SO. IL

Conductivit) P J'one 250mL NitrateINitrite P H1SO. 250mL

Corrosivit)' P None 250mL Oil &. Grease (; H:SO. IL

Oissohcd Ox~'gl:n (; None 300mL Phenols (; H:SO. IL

Fecal Colironn I' ?'one 125mL Toc.l Phosphorus p H:SO. 250mL

Flashpoinl ( ; :-':..InC IOOmL TON I' f1:S0. I L

Fluoride I' :"-on~ 250ml

Nitr.uc I' :-'on~ 250ml TRPH ·IR ':18.1 " Ill"! 2L

1'<"itritc I' \on.: 250mL \'OC nol (; 110 ]..;40 mL

,II I' ~un~ 50mL Ve><: 8010 ( ; lIel 3:..;40ml

Elemental f'(), (; \.lIn..; 250 mt. VOC62.: ( ; IIC! 8,,40 mL
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PRESERVATIVES, CONTAINERS, AND VOLUMES

Parameter Container PreservativeU Volume Parameter Container Preservative I : Volume

Onhop_ P None 250mL BTEX 8020 G HCI 3x40 mL

IDS P None 250mL VQC 8240 G HCI 3x40 mL

TSS P None 2S0mL THMIS02.2 G HCI 2'1:40 mL

Total Solids P None 250mL 502.2 G HC1&Asc 2x40mL
Acid

TVS P None 250mL VOC 624 G HCI 3x40 mL

T. Colifonn p None 125 mL VOC 602 G Hel 3x40 ml

Scaleable Solids P None IL 465 C &:. 0 G HCI 4x~O mL

Silica P None 250mL BTEX 8021 G HCI 3x.&OmL

Sulfate P None 250mL VOC G HCl 3:<.:0 mL

Sulfile P None 250mL VOC 8260 G HCI ))(.&0 rnL

Surfacl3111S (MBAS I P ~onc 250mL VOC andVOA G HCI 3:-.:':0 mL

Turbidity P None 250mL VOC 8010/8020 G Hel 3x':0 mL

TPH-GC " N~ 'L

Total C~anide P ~::tOII'; !5Uml

BNAs (; \inn.: 2l. Amenable Cyanide P "i:l.OH 250 mL

BNA ... Dioxin (; '>;one 21. Free Cyanide P :"aOti 25U ml

PNA/PAH ( ; 'lI'nc: 21. Sulfide P 1.n .-\':dah: &:. 11
"'aOll

Pesticides (; \'I'oe 21. formaldehyde G '\,In": 5()llmL

Ro.1.i\c C~ arl1lic I' '\tlftC II Carbt.lnatc P '\,.n..: 2511 mL

Rca<.:ti\c SuliiJc I' '\,.nc " Bicart-onat..: P ""n~' 250 mL

>.

PCB (, \lonc " TPH • Diesel (E\1.1 (; ,,'n~' 21.
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PRESERVATIVES, CONTAINERS, AND VOLUMES'

Parameter Container Presel"Yativc l': Volume Parameter Container Preservative U Volume

Pesticides + PCBs G Non< 2L TPH - Gasoline (P&.D G HCI 2x40 mL

Herbicides G None 2L Glycols 8015 G None 2x40 mL

op", G Non' 2L BTEX&MTBE G HCt 3:<40mL

601/602 G HCI 3x40 mL

• Fihered in field

I HCl HNO:;. and H:SO~ to pH <: 2. NaOH to pH > 12

l Samples to be anla)'zed for Cyanide should be field-filtered for Residual Chlorine. IfResidull[ Chlorin<: is detected. ascorbic acid (0.6 g)
should be added.

'"
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Sample Analysis Requisition
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This SOP describes procedures for analysis of organic analytes by Gas Chromatography
(GC). The procedures are based on SW-846 methodology and are applicable for
measurements made to comply with the ResoW"Ce Conservation and Recovery Act
(RCRA). Individual analytes and methods are described in the appendices.

2. SUMMARY OF METHOD

In general, semivolatile analytes are prepared for analysis using continuous or separatoI)'
funnel liquid I liquid extraction (SOP # CORP-OP-OOOI) or sonication or soxhIet
extraetion (SOP # CORP-OP-OOOI). Volatile analytes are prepared for analysis using
purge and trap methodology (Appendix A).

.bJter the initial preparation step. the sample is introduced to the GC and concentrations
of target analytes are measured by the detector response within a defined retention time
window, relative to the response to standard concentrations. Internal or external
standardization procedures are used as specified in the method appendices.

3. DEFINITIONS

Definitions of tenns used in this SOP may be found in the glossary of the Quality
Assurance Management Plan (QAMP).

4. INTERFERENCES

Contamination by carryover can occur when a low concentration sample is analyz~d after
a high concentration sample. In addition. some purge and trap autosamplers are
susceptible to port specific contamination. Co-elution of target analytes \,.;th non-targets
can occur. resulting in false positives or biased high results. In particular. this is a
problem ....ith non-selecti\'e detectors such as the Flam~ Ionization Detector (FIDt See
the appendices for interferences specific to individual tests and suggested corrective
actions.

5. SAFETY

5.1. Procedures shall be carried out in a manner thaI protects the health and sa!~ty of
all Quanterra associalC:s. Th~ follo""ing r~4uin:m~nts must ~ met

Eyt: prNection that satisfies A:'\iSI 187.1 u.t~ r~r tk Ch .... mical Hygiene Plan!.
laborattiry coat. and appropriat~ ghl\eS must tx- \\~)m \\hile .sampl~s. stanJards.
soh·ents. and reagents are being handled. I)i:'f>\'s:Jbk glo\ es th.lt han: bec\lme
l.:tlntaminat~d ",·ill ~ rem(I\"~d and disc:..mkd. 1'111.... r gl<.n ....s will he cleaneJ
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immediately. Refer to the Quanterra Chemical Hygiene plan for a complete
description of personal protection equipment.

The health and safety hazards of many of the chemicals used in this procedure
ha'·e not been fully defined. Additional health and safety information can be
obtained from the MSDS files maintained in the laboratory. Specific hazards are
co\"ered in the appendices.

5.1.l. Opened containers of neal standards will be handled in a fume hood.

6. EQUIPMDiT AND SUPPLIES

An anal~lical system complete with a gas chromatograph is required. A data system
capable of measuring peak area andlor height is required. Recommended equipment and
supplies for individual methods are listed in each method appendix.

7. REAGENTS AND STANDARDS

7.1. Stock Standards

Stock standards are purchased as certified solutions or prepared from pure
solutions. Stock standards for gases are stored at -10 to -20°C. Other '·olatile and

semiYolatile stock standard solutions are stored at ./ CC ± 2 't:. All stock standards
must be protected from light. Stock standard solutions should be brought to room
temperature before using.

Semi\·olatile stock standard solutions must be replaced after one year. (6 months
if also used for 600 series methods). Stock standards of gases must be replaced at
least e\·ery 2 months. (Every week if also us~ for 600 series methods). Other
\ olalile stock standards must be replaced at leasl every 6 months (I month if used
for 600 series analysis) or sooner if comparison wilh check standards prepared
from an independent source indicates a pn\bl~m.

7.1.1. Expiration times for all standards are m~asur~d from th~ time the
standard is preparecL or from th~ lim,.: th;;n tht: standard ampoule is
opened. iflhe standard is supplied in a :o:caled ampoul~.

7.2. Calihration Standards

7.2.1. \·olatil~ CalibratillO Standards..

Th\,.· pmccdurc for preparation o(\·"l:nik standanb i:- gin:n in Arrc:ndi;.; .-\
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Semivolatile calibration standards are prepared as dilutions of the stock
standards. Surrogates and internal standards are used as specified in the
method appendices. Semivolatile calibration solutions must be
refrigerated at 4'C' :t2 't:' and protected from light. The standards must be
replaced at least every six months or sooner if comparison with check
standards indicates a problem.

7.3. Gases for carrier and make-up: Hydrogen, Helium, Nitrogen, ArgonIMethane.

7.4. Quality control (QC) Standards

QC standards (matrix spiking and LCS standards) are prepared and stored in the
same way as calibration standards. They must be made from a stock independent
from the calibration standards.

8. SAMPLE PRESERVAnON AND STORAGE

Semi volatile extracts must be refrigerated at -4 'C :t] It: and analyzed within 40 days of
the start of the extraction. Volatile sample storage conditions and holding times are given
in Appendix A.

9. QUALITY CONTROL

9.1. Initial Demonstration ofCapabilir)'

9.1.1. For the standard analyte list. the initial demonstration and method
detection limit (MDL) studies described in section 13 must be acceptable
before analysis of samples may begin.

9.1.~. For non-standard analytes. a MOL study must be performed and
calibration curve generated before analyzing any sampl~s. unless lesser
requirements are previously agreed to with the client. In any event the
minimum initial demonstration r~uircd is analysis of an extracted
standard at the reponing limit and a singk P'olint calihr.ation.

lJ.:. Balch Ddinition

Batch~s are defined at tht: sampk preparatillO sti.1~~. Batch~s sh\)uld b..: kept
togt:lher through the whol~ analytical prot.:c:ss as f:J.r a...: ~)s.siblc. hut it i:i not
m<1ndah.1ry III analyzt: prepart:d extracts nn lhc :,~mlt.: in:,trumcnt PI" in the :\amt:
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sequence. Refer 10 the Quanterra QC Program docwnent (QA-003) for funher
details of the batch definition.

9.2.1. Quality Control Balch

The batch is a set of up to 20 samples of the same matrix processed using
the same procedures and reagents v.-ithin the same time period. The
Quality Control batch must contain a matrix spike I spike duplicate
(MSIMSDl, a LaboralOIY Control Sample (LeS). and a method blank. In
some cases, at client request, the MSIMSD may be replaced with a matrix
spike and sample duplicate.

9.3. Control Limits

In-house historical control limits must be detennined for surrogates_ matrix
spikes. and laboratory control samples (LCS). These limits must be determined at
least annually. The recovery limits are mean recovery ±3 standard deviations for
surrogates and LCS, and mean recovery +? standard deviations for matrix spikes.
Precision limits for matrix spikes I matrix spike duplicates are zero to mean
relative percent difference + 2 standard deviations.

9.3.1.

C).3.2.

9.3.3.

These limits do not apply to dilutions (except for tests without a separate
extraction), but s:lrrogate and matrix spike recoveries will be reported
unless the dilution is more than 5X.

All surrogate, LCS. and MS recoveri~s (except for dilutions) must be
entered into QuantIMS (when available) or other database so that
accurate historical control limits can be generated. For tests without a
separate extraction. surrogates and matrix spikes will be reponed for all
dilutions.

Refer to the QC Program docum~nt (Q:\-OO3) tur further details of
control limits.

Y.-I-. Surrogat~s

·\11 methtxis must use surrogales to Ih~ ~xt~nt possibk. Surr<\gat~ r~co\eri~s in
.'J.mpk:-. anJ QC samples mUSI be assessed to t:nsun: Ih:.u r\.·;';l'\~ri~:, Jre within
I,,':'lablishl,,'d limits. If any surrogal~s ar~ outsidl,,' limits. tht: tollol\ ing corr~cti\ e
;h.:tions must take place (exc~pt lor dilutions);,..
• (·hl,,'l:k all calculations f(lf ~rror.

• hlSLJrl,,' thal instrument pl,,'rtl.rmam:,-" is ~ll:l:'-"rl;lt->k
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• Recalculate the data and/or reanalyze the extract if either of the above checks
reveal a problem.

• Reprepare and reanalyze the sample or flag the data as "Estimated
Concentration" if neither afthe above resolves the problem.

The decision to reanalyze or flag the data should be made in consultation with the
client. It is only necessary to reprepare I reanalyze a sample once to demonstrate
that poor surrogate recovery is due to matrix effect, Wlless the analyst believes
that the repeated out of control results are not due to matrix effect.

9.4.1. If dual colwnn analysis is used, the rules for which.column's result to
report are the same as for samples (Section 12.1). That is. the lower of
the ~\'o results is reported.

9.4.2. If the surrogates are out of control for the sample. matrix spike. and
matrix spike duplicate, then matrix effect has been demonstrated for that
sample and repreparation is not necessary. If the sample is out of control
and the MS and/or MSD is in control, then repreparation or flagging of
the data is required.

9.4.3. Refer to the Quanterra QC Program document (QA·003) for funher
details of the corrective actions.

9.5. Method Blanks

For each batch of samples. analyze a method blank. The method blank consists of
reagent water for aqueous semivolatiles samples. and sodium sulfate for
semivolatiles soils tests (Refer to SOP No. CORP·OP-OOOI for details). For low
level volatiles. the method blank consists of reagent water. For medium level
volatiles. the method blank consists of 9.5 mL of methanol as described in section
11.5 of Appendix A. Surrogates are added and th~ method blank is carried
through the entire anal~lical procedure. The methl.ld blank must not contain any
anal~l~ nfimerest at or above the reponing limit (~xcep( common laboratory
cllnlaminanls. see belo\v) or at or above SOlo of the l11easllr~d concentration of that
anal~l~ in the associated samples. whichever is high~r.

• If the analyte is a common laboratory contaminant (methylene chloride.
acetone. ,2·hutanone. phthalate est~rs) the datil ma~ h~ reported \\ ith
4ualiti~rs if the concentration of the analyte is It.::-os than fj\"c: time:, the
,.r~poning limit. Such action must ~ tak~n in t:Ollsultutlon wilh th~ dient.
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• Re-eXlraction and reanalysis of samples associated with an unacceptable
method blank is required when reportable concentrations are determined in
the samples.

• If there is no target analyte greater than the RL in the samples associated
with an unacceptable method blank, the data may be repol1ed with
qualifiers. Such action should be done in consultation with the client.

9.5.1. Refer to the Quanterra QC Program document (QA-003) for further
details of the corrective actions.

9.6. Instrument Blanks

9.6.1. An instrument blank must be analysed \Nith any sequence that does not
contain a method blank.

9.6.2. A new sequence starts with any new initial calibration and if there has
been a break of greater than 12 hours in sample analysis.

9.6.3. An instrument blank consists of the appropriate soh"em with intemaJ
standards added. If internal standards are nOl used the surrogates should
be added.

9.6.4. Control criteria are the same as for the method blank. except that only
reanalysis of affected samples would be required. not re-extraction.

9.7. Laboratory Control Samples (LCS)

For each batch of samples. analyze a LCS. The lCS c(mtains a representative
subset of the anal~1es ofinteresL and must contain th~ same analytes as the matrix
$pik~. If any anal:--1e or surrogate is outside established cnntwllimits. the system
is OUI of c.:ontrol and corrective action must occur. CllIT~cti\'e ac.:tion v,rill nonnall~
~ reprcpara[ion and reanalysis of the batch; howen:r. ifthc.: matri.\: spike and
matrix :o;pik..: duplicate are within limits. the batch may ht:: acc....ptanle.

9.7.1. Rt.'fer to the Quantt:rra QC Program docum~nl IQ:\~()(l~ I tiJf fun her
details of thc corrective action.

tJ. 7.:. If dual column analysis is used. the rules for \\ hich cnlumn's n:sult tn
ft.'pon an.: the: same as for samples (Sec.:lion 1:.11. 1 h<.tt is. the lo\ycr of
th..: 1\\\\ rt.'sults is rqxmed.
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9.7.3. LCS compound lists are included in the appendices.

9.7.4. If full analyle spike lists are used at client request, it will be necessary to
allow a percentage of the components to be outside control limits as this
would be expected statistically. These requirements should be
negotiated with the client.

9.8. Matrix Spikes

For each QC batch. analyze a matrix spike and matrix spike duplicate. Spiking
compounds and levels are given in the appendices. Compare the percent recovery
and relative percent difference (RPD) to that in the laboratory specific historically
generated limits.

• If any individual recovery or RPD falls outside the acceptable range.
corrective action must occur. The initial corrective action will be [0 check
the recovery of that analyte in the Laboratory Control Sample (LCS).
Generally, iftbe recovery of the analyte in the LCS is within limits. then
the laboratory operation is in control and analysis may proceed. The
reasons for accepting the batch must be docwnented.

• If the recovery for any component is outside QC limits for both the Matrix
spike I spike duplicate and the LCS, the laboratory is out of control and
corrective action must be taken. Corrective action \vill normally include
repreparation and reanalysis of the batch.

• If a MSIMSD is not possible due to limited sample. then a LeS duplicate
should be analyzed. RPD of the LCS and LCSD are compared to the
matrix spike limits.

• The matrix spike I duplicate must be analyzed at the sam~ dilution as the
unspiked sample. e\'en if the matrix spike compounds will be diluted out.

Q.K.1. If dual column analysis is used. the rules for which column's resull to
report are the same as for samples (Section 12.1). That is. the 10\\ er of
the two results is reported.

9.9. Quality .\ssurance Summaries

l\,:nain diC:nls may n:quire sp~cific project or program QC \\j1ich may :'l:~r$~de

lhl.'Sl.' Illl.'thod r~quirem~nts. Quality ;\.ssurance Summaric:s should Ix· U\!\ dl)red
hl ~ldJre:"s thl."sl.' requirements.

. ,
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Further details of QC and corrective action guidelines are presented in the
Quantena QC Program document (QA-003). Refer to this document if in doubt
regarding corrective actions.

10. CALmRATION AND STANDARDIZATION

Internal or external calibration may be used. In either event prepare standards containing
each analyte of interest at a minimum of five concentration levels. The low level
standard should be at the reporting limit. The other standards define the working range of
the detector. Recommended calibration levels are given in the appendices.

10.1. A new calibration curve must be generated after major changes to the system or
when the continuing calibration criteria cannot be met. Major changes include
new colwnns and any changes in instrument operating parameters. including gas
flows. detector temperatures, oven temperatures, etc.

10.2. With the exception of 10.3 below, it is NOT acceptable to remove points from a
calibration curve for the purpose of meeting criteria, unless the points are the
highest or lowest on the curve AND the reporting limit and/or linear range is
adjusted accordingly. In any event, at least 5 points must be included in the
calibration curve.

10.3. A level may be removed from the calibration if the reason can be ckarly
documented. for example a broken vial or no' purge run. A minimum of five
levels mu~t remain in the calibration. The documentation must be retained with
the initial calibration. Alternatively, if the analyst belie\'es that a point on the
curve is inaccuratt:. the point may be reanalyzed and the reanalysis used for the
calibration. All initial calibration points must be analyzed y.ithout any changes to
instrument I.:onditions.

10.4. External sEandarJ ~alihration

Quantilation by the.: t.:xlernal standard method assumes a proplmional relationship
bt:t\\l.'~n (hI.: l.::.llii"lr:.ltion run and the analyte in the sample. Tu US~ Ihis appwach
introduce e;:ll.:h l.':.liihration standard into the GC using [he techni4ue lh:.l[ \\'ill be
used !()r :-ampk:'. rh~ rcnill of the peak height llr area respon~: to lhe.: 1ll;:I:,S or
cunce.:ntrdLilln In.icol.:tt=t.l ma~ he used to prepare a calibration CUl"\lo.'.

Equation 1

~tass Injectc.:J (ngl



GAS CHROMATOGRAPHIC ANALYSIS BASED ON
METHOD 8000A, SW-846

SOP No: CORP-GC-OOO INC
Revision No: 2.1
Revision Date: 08/12/96
Page 12 of27

Some data systems may use the inverse of this fonnula. This is acceptable so
long as the same fannula is used for standards and samples:'· Use of peak area or
height must be consistent. It is not permitted to switch between using peak area
and height for quantitation v..ithin an analytical sequence.

10.5. Internal standard calibration

10.5.1. The internal standard approach assumes that variations in instrument
sensitivity. amount injected etc. can be corrected by determining the
ratio afthe response ofthe analyte to the response of an internal standard
that has been added to the extract. To use this approach, select one or
more internal standard(s) that are similar in analytical behavior to the
compounds of interest. Recommended internal standards are given in the
appendices. The analyst must demonstrate that the measurement of the
internal standard is nOt affected by method or matrix interferences. If
there is interference. the external standard approach must be used. In
this event use the response factors from the previous continuing
calibration to quantitate the analytes in the sample ~ith the interference
(applies only to the sample ~ith the interference).

10.5.2. Introduce each calibration standard into the GC using the technique that
....... ill be used for samples. Response factors (RF) for each compound are
calculated as follo .......s:

Equation 2
Rf= A~xCis

A" xC,

\\"here:
A, = Response for the analyte to be measured
.4..,. = Response for the internal standard
Co. = Concentration of internal standard
C. = Concentration of the analyte to be detennined in the standard

10.0. Calibrcltinn cur....e tits

:h~riJg.... n:sponsc factor. line.lT r~gr~sskln. or quadratic cuf\.·~"; ma~ ~ lL"....d hi fit
the datil. l.in~'ar regression is a srx:cial case ofth~ quadralic tit and ma~ he USL-J if
the c..ilir.ration rall!.!.t: is suftici~nth· naITOW Stl that a straiuht lin~ \\"ililit th..:
calihrSiil'n f>\lint~.~.\ ....erage respOl~~ factor may be used if the 0 0 RSI) Ilf lh..:
n'::->fK)[l:'l.: 1~l(;lnrS llr calihration b.ClllTS is < 20~'1I.
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The average response factor may be used if the percent relative standard
deviation (%RSD) of the response factors is < 20%.
The equation for average response factor is:

Equation 3

'I RF,-.
Average response factor = -'=''---

n
Where: n = Nwnber of calibration levels

L RF. -" = Sum ofresponse factors for each calibration level

10.6.2. Linear regression

The linear fit uses the follo-wing functions:

10.6.2.1. External Standard

Equation 4
Concenrrarion = A + BR

Where: A = Intercept
B~ Slope
R = Response

IO.6.2.2.lmemal Standard

Equation 5

('onc:entralion = A + B'>'(R"-;x:-C:..•.L.)
R"

Whac the \'ariables are defined in equations 2 and 4

10.6.3. Quudr~lli..: I.:Ur\..:

Th~ qUJ.tlralil.: (llf\'~ uses the following functions:

IO.6.::.I.E'\1I:mal st,mJ~lrd

'.
Equation 6



GAS CHROMATOGRAPHIC ANALYSIS BASED ON
METHOD 8000A, SW-3-16

10.6.3.2. Imemal Sumdard

Equation 7

SOP Noo CORP-GC-OOOINC
Revision No: 2.1
Revision Date: 08/12196
Page 14 of27

~RXC.) qRXC.)'Concentration = A + . +
R,s R,.•

Where: C = Curvature

10.7. Evaluation of calibration curves

10.7.1. The percent relative standard deviation (%RSD) from the calibration
curv"e is used to evaluate the initial calibration. This provides a measure
of how much error is associated with using the calibration cUTye for
quantitation.

10.7.2. The least squares regression line is calculated and used to calculate the
predicted concentration for each level. The percent relative standard
deviation is calculated as follo.......'5:

Equation 8

±[C-:0.]'
% RSD:::: 100% x 11"'''.'-7:.,-'('-'::-;-""

(,Y - P)

\\;her~:

.\" =Numher of points in the curve
p:::: ~umber of parameters in the cun:e (= I for average response factor.
1 for lint:ar. 3 for quadratic)
('i =- True com:entration for level i
P< 'i = Predicted concentration for level i

:-.iot~ thelt \...hen a...eragt: response factors are used. this equatil,m ~iH~S the
~m..: \'alul: ,\5 the %RSD of the response factors.

10.8, The following rC4uin:mems must be met for any calibration to he used:

• R\.·sJ"!l.lnsC must increase with increasing cuncentration.
• If:! ":UT\...: is used. the intercept of the curyt: o.t Zt:ro response mu,,! ~

less lh,ln the rt:porting limit for the analyte.
• Rd<.lti\c standard de\"i,uion of the calibration poinls fnml th\.' cur\"\.'

us...:d must ~. 2l)() 0,
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• Some data systems will DOl measure the %RSD from a linear or
quadratic fit. In this case. the correlation coefficient may be used as an
alternative to the %RSD, and must be greater than 0.995.

10.8.1. Weighting of data points

In a linear or quadratic calibration fit, the points at the lower end afthe
calibration curve have less weight in detennining the curve generated
than points at the high concentration end of the curve. However. in
environmental analysis. accuracy at the low end of the curve is very
important. For this reason it is preferable to increase the weighting of the
lower concentration points. l/Concentration2 weighting (often called
11X2 weighting) will improve accuracy at the low end afthe cun.:e and
should be used if the data system has this capability.

10.9. Calibration Verification

10.9.1. Continuing Calibration

The working calibration curve or RF must be verified by the analysis of
a mid point continuing calibration standard at the beginning. after e\'ery
10 samples, and at the end of the analysis sequence (QC and instrument
blanks included).

10.9.2. Daily Calibration

At least every 24 hours a daily calibration must be analyzed. The
requirements of the daily calibration are the same as the continuing
calibration with the addition that retention times are updated.

10.9.3. Any anal~1e that is reponable as found must have a % difference: of
'::'15% in the prec~ding cominuing calibration, on the column u~J for
quantitation. F(n dual column analysis. the column used for qU;lmiw.tion
\\;11 be the column with th~ lower result. Methods 8010B and 8020A
have diff~rent cominuing calibration limits that are obtained from Tank
3 of the rdt:~nce m~thod and are listed in Appendix A of this SOP.

IO.QA. ror an~ analyte thm i~ not reponahle as found. the lifo diff~rt:nce ma~ ~

-15%(0-30°0.

1051.5. Reportable a-; tllUI1U is ddint:d a::; any analyte that would ~ re!X\rt~d as
;,tnything ~){h ..:r lh'ln a non-dct..:ct.
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10.9.6. If dual colwnn analysis is used, at least one column must meet the
criteria listed above. The other column must be within + 30% difference
from the initial calibration.

10.9.7. It is not necessary to run a continuing calibration standard at the
beginning of the sequence if the first 10 samples are analyzed
immediately after the completion aCthe initial calibration.

10.9.8. The last sample in the sequence must be followed by an ending
calibration. The ending calibration serves the analyst in judging the
validity of the sequence.

10.9.9. Methods 80108 and 8020A have different continuing calibration
criteria. Criteria for continuing calibrations for these methods. can be
found in the appendices.

10.9.10. % Difference calculation

Equadon 9

% Differenc~
Calculated value - Expectedvalue=

Expected value
x 100%

10.9.11. Correcti ....e Actions for Continuing Calibration

If the % difference for any analyt~ is > ....30 10 -15% corrective action
must be taken. This may include clipping the column. changing the liner
or other minor instrument adjustments. followed by reanalyzing the
standard. If the r~sponse for any anal:1e still varies by more than 30%. a
new calibnnion l.:urve must be prepared.

10.9.12. Correcti\·e Action for Samples

Any samples injl:ct~d after the standard exceeding the continuing
calibration crikria must be rein.iect~d.

I I. PROCEDURE

11.1. Extraction

..
Extraction pn)cl:dur\.'~ arlo: r\:li:rcllc~d in the ap~ndic~s.
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11.2. Cleanup

Cleanup procedures are referenced in the appendices.

11.3. Gas Chromatography
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Chromatographic conditions for individual methods are presented in the
appendices.

11.4. Sample Introduction

In general, volatiles analytes are introduced using purge and trap as described in
Appendix A. Semivolatile anal)'tes are introduced by direct injection of the
extract. Samples, standards. and QC must be introduced using the same
procedure.

11.5. Analytical Sequence

An analytical sequence starts with an initial calibration or a daily calibration.
Refer to the individual method appendices for method specific details of daily
calibrations and analytical sequences.

11.5.1. The daily calibration includes analysis of standards containing all single
response anal~1es and updating the retention time Vvindows.

11.5.2. If there is a break in the analytical $equence of greater than 12 hours.
then a new continuing calibration run must be analyzed before
proceeding with the sequence. If more than 24 hours have elapsed since
the injection of the last sample in the analytical sequence. a nev..
analytical sequence must be start~d with a daily calibration.

11.6. Retention Time Windo\\$

11.6.1. Retention time windows must be determined for all analytes. Make an
injection of all anal! tes ~\f interest I.:ach day over a three da~ period.
Calculate the standard dl.:\·iation of the three retention times for each
analyte (rdati\'e rdcmil'll lilll~S llli.l~ al's('l be used}. For multiresp'-)Osc
analytes (~.g.. An,'lClor-i1 usc thc retention tim~ of0r:!e major ~ak. Plus
or minus thret= times the stanu:.mJ t.le\·iation of the rctenril)fi times of c..l...:h
analyte defines the r~tcnti{ln tim..: \\indo\\'.

11.6.2. l·h\.' c.:nter l\fih..: rCl\;llth'll tim..: \\indo\'v" is rhe retention liml.: fn)m th..
last or' the.: thr..:~ ,t"lnJ::r,J... '1 he \,:l:l1tl.:rs of the \\ indi\\\ sarI.: lIpJateJ \\ ilh
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the mid point of the initial calibration and each daily calibration. The
widths afthe ""indows 'Will remain the same Wltil new windows are
generated following the installation of a new coluinn.

11.6.3. If the retention time window as calculated above is less than +/- 0.05
minutes. use +/~ 0.05 minutes as the retention time window. This allows
for slight variations in retention times caused by sample matrix.

11.6.4. The laboratory must calculate new retention time windows each time a
new column is installed. The new windows must be generated within
one week of the installation afthe new column. Until these standards
have been run on the new column, the retention time windows from the
old column may be used. updated with the retention times from the new
initial calibration.

11.6.5. Corrective Action for Retention Times

11.6.5.1. The retention times of all compounds in each continuing
calibration must be ",ithin the retention time windows established
by the daily calibration. If this condition is not met, all samples
analyzed after the last compliant standard must be reanalyzed
unless the follo\'.ing conditions are met for any compound that
elutes outside the retention time window:

• The retention time of that compound in the standard must be
within a retention time range equal [0 twice the original
.....indo\\".

• No peak that would be reportable may be present on the
sample chromatogram within an elution time range equal to
three times the original retention time window.

11. 7. Daily Retention Time Windll\\ s

The center of the retention time \\"indo\...·s determined in section 11.6 are adjl,lst~d

to the retention time of each anal~1~ as dt:tennined in the daily calibration
standards. ( See the method X080A appendix for exceptions for multi-response
components.) The retention time \I. indt1.... s must be updated at the beginning of
each anal~1ical sequence and \\ilh .:ach daily calibration. but not for the
continuing calibration standards.
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Analytical results may be reponed as dry or wet weight. as required by the client.
Percent moisture must be detennined if results will be reponed as dry weight.
Refer 10 SOP CORP-oP-OOOl for determination of percenl moisture.

11.9. Procedtrral Variations

Procedural variations are allowed only if deemed necessary in the professional
judgment of the supervisor to accommodate variation in sample matrix,
radioactivity. chemistry, sample size, or other parameters. Any variation in
procedure shall be completely documented using a Nonconfonnance Memo and
approved by a supervisor and QAlQC manager. If contractually required, the
client shall be notified. The Nonconfonnance Memo shall be filed in the project
file. The nonconfonnance is also addressed in the case narrative. Any
unauthorized deviations from this procedure must also be documented as a
nonconformance. v.-ith a cause and corrective action described.

12. DATA ANALYSIS AND CALCULATIONS

12.1. Qualitative ldentification

12.1.1. Tentative identification occurs when a peak is found within the retention
time window for an analyte, at a concentration above the reporting limit.
or above the MDL if J flags are required. Normally confirmation is
required on a second column. but if the detector is sufficiently specific or
if the sample matrix is well enough defined. single column analysis may
be adequate. In some cases GC/MS confirmation may be required. Client
specific requirements may also define the need for second column
confirmation and I or GCIMS confirmation. Refer to the appendices for
test specific requirements for confirmation. Identification is confirmed if
a peak is also present in the rett:ntinn tiOlt: \~;ndow for that anal~1e on
the confirmatory column. at a concemr.uion greater than the reporting
limit (MDL if J flags required). For confirmed results. the lower of the
(\\'o results is repoT1~d.

12.1.2. lfthe % difl~renct: bel\\~en tht: rt:spon:,e on the two columns is greater
than 50%. or if the {'pinion (,f ~10 c;'\pcrienct:d analy:;t is that the
complexity of the matrix i:, rt:suhing. in f.llse p0siti\es. the contim13tion
is SUSpeCI and the results are qualified.

>.
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12.1.3. Multi-response Analytes (Aroelors)

For multi~response analytes, the analyst should us~ the retention time
window, but should rely primarily on pattern recognition. The pattern of
peaks will nonnally serve as confirmation.

12.1.4. The experience of the analyst should weigh heavily in the interpretation
afthe chromatogram. For example, sample matrix or laboratory
temperature fluctuation may result in variation of retention times.

12.2. Calibration Range

If concentrations of any analytes exceed the working range is defined by the
calibration standards, then the sarnple must be diluted and reanalyzed. Dilutions
should target the most concentrated analyte in the upper half (over 50% of the
high level standard) of the calibration range. It may be necessary to dilute
samples due to matrix.

12.3. Dilutions

Samples may be screened to detennine the appropriate dilution for the initial run.
If the initial diluted run has no hits or hits below 20% of the calibration range and
the matrix allows for analysis ~t a I~sser dilution. then the sample must be
reanalyzed at a dilution targeted to bring the largest hit above 50% of the
calibration range.

12.3.1. Guidance for Dilutions Due to Matrix

lfthe sample is initially run at a dilution and the baseline rise is less than
half the height of the peaks in the level 3 standard. then the sample
should be reanalyzed at a more concentrated dilution.

12.3.2. Reponing Dilutions

The most concentrated diluti..)O with no target o;('Impounds above the
calibration range will be r~p()rteJ. Other dilutions will only ~ reponed
at clienl request.



GAS CHROMATOGRAPHIC ANALYSIS BASED ON
METHOD 8OOOA, SW-846

12.4. Interferences

SOP No: CORP-GC~ INC
Revision No: 2.1
Revision Date: 08112'96
Page 21 of27

If peak detection is prevented by interferences. further cleanup should be
anempted. If no further cleanup is reasonable, then elevation of reporting le\·els
and/or lack of positive identification must be addressed in the case narrative.

12.5. Internal Standard Criteria for Samples

If internal standard calibration is used. then the internal standard response must be
within 50 to 200% of the response in the preceding continuing calibration
standard.

12.6. Calculations

Capabilities of individual data systems may require the use of different formulas
than those presented here. When this is the case. the calculations used must be
shol.\rn to be equivalent and must be documented in an appendix attached to this
document.

12.7. External Standard Calculations

12.7.1. Aqueous Samples

Equation 10
. (A, x V, x Dd

ConcentratIon tug Il) = -'::-=-...,..,-~
... (CF x V, x V.,

Where:
A, = Response for the anal)"le in the sample
V, = \'olume of extract injected. !-It
0 1 = Dilulion factor
V, =\'olume of total extract. !lL
V. = \·olume of sample extracl~d or purg~d. mL
CF = Calibration factor. area oc h~ighl"ng. Section 10.1
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12.7.2. Non-aqueous Samples

Equation 11
. (.... x v, x Dr)

Concentrauon (jJg I kg) = -='=.,.,.......,.,--"-"'::c
(CF x V, x W x D)

Where:

SOP No' CORP-GC-OOO INC
Revision No: 2.1
Revision Date: 08112196
Page 22 of27

W = Weight of sample exrracted or purged, g

D = 100- %Moisrure (D = I ifwet weight is required)
100

A,.. VI' Dr. CF and Vi are as defined in Equation 10

12.8. Internal Standard Calculations

12.8.1. Aqueous Samples

Equation 12
. (A~xC.,xD()

Concentration tug I L) = -'---=-:=--c:'c
- (A'iX RFx V,)

Where:

CtS = Amount ofintemal standard add~d_ ng
~ = Response of the internal standard
RF = Response facIor for analyte
Ax. Dr. Vs are as defined in Equalion 10

I~.8 ..2. Non-aqueous Samples

Equation 13
. . (A, x C.. x Dd

Concentration {,Ltg. k2} = _'--'-::-c'--,,-
- - (.-\.. x RI' x \\. x III

All \"ariables arc :lS dcfin~d in ~quations II unu 12

J2.Q. Surrogale R~covery
>.

C\lncenirations of surrogate compounds ;J~": c~kubh.·d using th~ sarno:: equati{lO:-
:.1:' ftlr the larget l:ompounds. The rt:spon~1.: tJ.l:{t'r fl\\lll the: inili<ll c:l.libnnion ~s

u:-:I.:d, Surwgatt: r~CO\'ery i:-: c~kulal~d u.'ing. th..: fC'Il\'\\ing .:qu;llilln:
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" R Concentration (or amount) found 100
;.'0 ecovery = x

Concentration (or amoWlt) spiked

13. METHOD PERFORMANCE

13.1. Method Detection Limit
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Each laboratory must generate a valid method detection limit for each analyte of
interest. The MDL must be below the reporting limit for each analyre. The
procedure for determination of the method detection limit is given in 40 CFR Pan
136, Appendix S. and funher defmed in QA Policy #, QA-005.

13.2. Initial Demonstration

Each laboratory must make a one time initial demonstration of capability for each
individual method. Demonstration of capability for both soils and water matrices
is required. This requires analysis ofQC check samples containing all of the
standard analytes for the method. For some tests it may be necessary to use more
than one QC check mix 10 cover all anal)1es of interest.

13.2.1. Four aliquots of the QC check sample are analyzed using the same
procedures used to analyze samples. including sample preparation. The
concentration of the QC check sample should be equi\'alent 10 a mid
level calibration.

13.2.2. Calculate the average recovery and :,tandard de\ iation of the recovery
for each analyte ofimerest. Compare these results with the acceptance
criteria given in each appendix.

13.2.3. If any analy1e does not meet the a(:c~ptance criteria. the test must be
repeated. Only those analytes that did nOl me~t crit~riu in the tirst test
need to be evaluated. Repeated tJ.illlr~ for an~ analyt~ indicates the need
for the laboratory to evaluate the ;In:.lI~li(:i.l1 pnlCl:dur~ and take correcti\'e
action.

1~.3. Training Qualification

. >.

Thl: group/team l~ader ha'i the responsibilil~ t{l t:nsur ' Ihul thi:-, rrnc~duro: is
po..:rformeJ ny un i:l:nal~st \\hll ha... bct:n pnl!"\:rl~ truin ·J in its us..: anJ has (he
r":4uired l."'(Jl('ri..:nl.:~.
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This method does not contain any specific modifications that serve to minimize or
prevent pollution.

15. WASTE MAi....AGEMENT

Waste generated in this procedure will be segregated and disposed according to the
facility hazardous waste procedures. The Environmental Health and Safety Director
should be contacted if additional infonnation is required.

16. REFERENCES

Test Methods for Evaluating Solid Waste, Physical/Chemical Methods, SW8~6. 3rd
Edi,ion, Final Update I, July 1992. Section 8000A

17. MISCELLAj....EOUS

17.1. Modifications from Reference Method

17.1.1. Section 7.6.8 of Method 8000A in SW-846 recommends reanalysis if the
continuing calibration does not meet criteria and "ifthe initial analysis
indicated the presence of specific target analytes that exceeded the
cntenon.'· This SOP is more rigorous than the requirements in SW-846
in that reanalysis is required if the continuing calibration ~xceeds - 15 to
+ 30% difference. whether or not the initial analysis indicated the
presence of specific analytes.

17.1.2. Method 8000A in SW-846 recommends that th~ continuing calibration
Ix within 15% difference from the calihration cur....e for all analytes.
This SOP allows for a % Difference nf .. 30~·u and -15% for analytes that
are not detected. This is supponed by th~ statem~nt in :v1ethod 8000A
that reanalysis is only required Uifth~ initial analysis indic<lud the
presenc~ of specific target analytes that excl:t:dr:d thl: ,ritentm:' In an~

e\·ent. the % difference of the continuing ci.l1ihr..nion must ~ -: 15% for
any analyte that is to be quantitated and r~ported.

Ii .1 ..':.. Chapter 1 of SW-846 states that the: method hlank should nt't Lontain
all~ analyte of interest at or a!x)'....c the \kth"d [kL,;(tion Limil. This
SOP states that the Method Blank mUSl nl)! (,)nlain an~ all3lyte l)f
interest at or above the r~porting limit. Cumln"n lah ,(\nt3minants are
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allowed to be up to 5 times the reponing limit in the blank following
consultation with the client.

17.1.4. Retention time windows are calculated as in SW-846. However. if a
retention time window ofless than 0.05 min. is calculated. the window
defauhs to 0.05 min.

17.1.5. Retention time windows are updated each d:.:.y using the daily standard,
as required by method 8000A. The system is not recalibrated unless the
continuing calibration standards fall outside the retention time windows
set by me daily standard.

I7.2. Modifications from Previous Revision

17.2.J. Directions for methods 8081 and 8151 have been added.

17.3. Facility Specific SOPs

Each facility shall attach a list of facility specific SOPs or appro"'ed anadunents
(if applicable) which are required to implement this SOP or which are used in
conjunction with this SOP. If no facility specific SOPs or amendments are to be
attached. a statement must be attached specifying that there are none.

/-.3./. Refer 10 [he SOP change/orm on file in .\'"orrh ('anton's Q/w!ir.v
Assurance office.
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17.4. Flow Diagrams

17.4.1. Initial demonstration and MDL I
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17.4.2. Sample Analysis'
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1.1. This method describes sample preparation and extraction for the analysis of
volatile organics by a purge and trap procedure. All requirements of the 8000A
section of this SOP must be met except when superseded by this Appendix. Refer
to Table A-I for the individual analytes normally determined by these procedures.

1.2. Compounds within the scope of this method have boiling points below 200"C and
are soluble or slightly soluble in water. Classes of compounds best suited to
purge-and-trap analysis include low molecular weight halogenated hydrocarbons,
aromatics. ketones. nitriles. acetates, acrylates, ethers, and sulfides.

1.3. Water samples and soils samples with low levels of conramination may be
analyzed directly by purge-and-trap extraction and gas chromatography. Higher
concentrations of these analytes in soil may be determined by the medium level
methanol extraction procedure.

1.4. This method also describes the preparation of v.-ater-miscible liquids, non-water
miscible liquids. solids. wastes, and soils/sediments for analysis by the purge-and
trap procedure.

2. SUMMARY OF METHOD

2.1. An inert gas is bubbled through the sample at ambient temperature (40~C required
for low level soils). and the volatile components are efficiently transferred from
the aqueous phase [0 the \'apor phase. The vapor is swept through a sorbent
column where the \'olatile components are adsorbed. After purging is completed.
the sorbent column is heated and backflushed with inert gas t('I desorb the
components onto a gas chromatographic colwnn. Analytes are detected using a
Photoionization Detector (PID. Method 8020A), an Electrolytic Conductivity
Detector IELCD. ~·I<,hod 801 OB), or a combinalion of both ('v!<thod 8021 A).

2.2. For soil samples \\ ilh a high level of contamination. a portion oftht: sample is
dis(Xrsed in methanol to dissolve the volatile organic constituenl~. A p-..mion of
the mt:than~)lic solution is combined with water. It is then analyzr:d by purge-and
trap (iC' lollo\\"ing the normal water method.

3. DEFINITIONS

Refr:r LO the ();\\t1' for Jdinititlns \)[ terms used in this SOP.
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4.1. Refer to section 4 of the method 8000A pan of this SOP for general infonnation
on chromatographic interferences.

4.2. Impurities in the purge gas, and from organic compounds out-gassing from the
plumbing ahead of the nap, account for the majority of contamination problems.
The analytical system must be demonstrated to be free from contamination under
the conditions of the analysis by running laboratory reagent blanks. The use of
000-TFE plastic tubing, 000-TFE thread sealants, or flow controllers with rubber
components in the purging device should be avoided.

4.3. Samples can be contaminated by diffusion of volatile organics (particularly
methylene chloride and fluorocarbons) through the seprum seal of the sample vial
during shipment and storage. A trip blank prepared from organic-free reagent
water and carried through sampling and handling protocols serves as a check on
such contamination.

4.4. Contamination by carryover can occur whenever high-concentration and low
concentration samples are analyzed sequentially. Whenever an unusually
concentrated sample is analyzed, it should be followed by an analysis of organic
free reagent water to check for cross-eontamination. The trap and other partS of
the system are subject to contamination. Therefore, frequent bake-out and
purging of the system may be required.

4.5. When utilizing an autosampler system which has multiple pons for sample
analysis. it is likdy that only a single stage or pon may be contaminated by a
highly concentrated sample. If a pon is suspect. a water blank should be analyzed
to verify lack of contamination. If the viater blank and subsequent blanks on that
port ?how contamination consistent v..ith the concentrated sample. further
maintcnanc~ i:- required. This may include replacing or cleaning the multi-pon
valve. tr:.tn:-t~r lines. etc.

4.6. A holding blank is kept in the sample refrigoeralOr. This is analyzed and replaced
ever: 1-1 da~s. If the holding blank does not meet the method blank critoeria. the
source (If colll:..lmination must be found and corrected. b'aluation l)f:..l11 sumpks
analyzed in tn(: 1-1 day period prior to the analysis orthe contaminatt:d holding
hl:..lnk is reljuir(:u.

-1.7. .·\cidilic:uion Ilf -:ampies ma~ result in hydrtll~ sis of 2·chh)rl~th~1 \ in~ I ether.
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5.1.

5.3.

Referto section 5 of the Method 8000A section of this SOP for general safety
requirements.

Often, purge vessels on purge-and-trap instrumentation are pressurized by the
time analysis is completed. Therefore. vent the pressure prior to removal of these
vessels to prevent the contents from spraying out.

The toxicity or carcinogenicity of each chemical used in this procedure has not
been fully defined. Additional health and safety information can he obtained from
the MSDS files maintained in the laboratory. The following specific hazards are
known:

Methanol -- Flammable and toxic

6. EQUIPMENT AND SUPPLIES

6.1. Microsyringes - touL. :!5uL. IOOuL. 250uL, SOOuL. and lOOOul. These should
be equipped with a 20 gauge (0.006" ID) needle. These \.\oi11 be used to measure
and dispense methanolic solutions and aqueous samples.

6.2. Gas tight syringes -- 5 rnL and 25 mL. Used for measuring sample \·olurn~s.

6.3. Purge and Trap Apparalus -- A device capable of extracting volatile compounds.
trapping on a sorbent trap. and introducing onlO a gas chromatograph.

6.4. Purge and Trap Autosampler -- In order to maintain high sample throughput. an
autosampler is highly recommended.

6.5. Trap - The trap used is dependent on the class of compound to be analyzed.
Refer to Table A-:! for sllgg.~sted traps for specific tests.

6.6. Purge Ves~15 -- Th~s~ are dep:ndem on the purge and trap uniL'·auwsampler
used. Both disposable culture tubes (needle sparge units) and spel.:ii.llly designt:d
vessels ...,;ith fritted bott0ms may be used. Follow the manufactur~r's :,uggestions
for wnfiguration.

0.7. Columns - Rd"er h\ r:.lhl~ ;\..:~ Illr details of columns.

n.K. Volum~tric nJ.$k~_ Cbs:- A: 5 ml. to 250 mL
'.

0.9. pI! paper
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7,L Refer 10 Ibe method 8000A section of Ibis SOP for general requirements for
reagents and supplies.

7.2. Organic Free Water

Organic free Water is defined as water in which an interfereDt is not observed at
the reponing limit afthe compounds of interest. Suggested methods for
generating organic free "vater include:

• Filtration through a carbon bed.

• Continuously sparging water with helium or nitrogen.

• Use of commercial water purification systems.

Other methods may be used, so long as the requirement that the water not show
any interferences is met. The procedure used should be documented in a lab
specific attachment.

7.3. Methanol-- Purge and Trap Grade

7,4, Standards

Refer to tabk5 A-5. :\-6. A-7 and A-8 for details of surrogate. matrix: spiking and
internal standards. Calibration standard levels are not specified, since they rna;
depend on the sensitivity and linear range of specitic detectors. However. the low
level standarJ must be equivalent to the reponing limits specified in Table A-I.

7,4,L Volatile standards are prepared by injecting a measured volume of the
stod standard into a syringe containing the appropriate volume of
organic fr~~ \\ata. The calibration standard is then loaded into the
purge d.:" ic.:.

8. SAMPLE COLLECTIO'i, PRESERVAnON, AND STORAGE

8. J. Water sampJ.:s J.r~ llllrrnally presen:ed at pH < ~ \\ ith 1: 1 hydrochh)ric aciJ. If
resid1J<l1l.:hlorinl.' i:- pr~xllt. 2 drops of 10°'0 sodium thiosulfate arc added.

8.1. Solid sa,mpk:, .ifI.' not rfl.::,crvl!d.

8 .~, .\11 sample:- :lr....{\lr..:d III :;Ia~s I.'ontainers \\ith Tdlon lined septa at 4 'c .. :: (0.

\\ith minimum h,.:a ...l:,p"II.".:.



APPENDIX A

ANALYSIS OF VOLATILE ORGANICS BASED ON
METHODS 8010D. 8020A, AND 8021A

SOP No: CORP.<JC-OOOINC
Revision No: 2.1
Revision Dare: 08112/96
Page A5 ofAll

8.4. Mediwn level solid extracts are aliquoted into 2 - 5 mL glass vials ""ith Teflon
lined caps and stored at 4°C +1- 2°e. The extracts are stored with minimum
headspace.

8.5. The maximum holding time is 14 days from sampling until the sample is
analyzed. (Samples that are found to be unpreserved still have a 14 day holding
time. The lack of preservation should be addressed in the case narrative.

8.6. A holding blank is stored with the samples. This is analyzed and replaced if any
of the nip blanks show any contamination. Otherwise it is replaced every 14
days.

9. QUALITY CONTROL

9.1. Refer to th~ method 8000A section afthis SOP, section 9. for general quality
control procedures. including batch definition. requirements for method blanks.
LCS, matrix spikes, surrogates. and control limits.

10. CALIBR..TlON AND STANDARDIZATION

10.1. Refer to the method SOOOA section of this SOP. section 10, for general calibration
procedures. The %RSD limits for the initial calibration are given in Tables A·9
and A-IO.

10.2. Gas Chromatograph Operating Conditions

.Various column configurations are possible. If dual colwnn confinnation is
necessary. the sample may be split using a Y spliner at the injector end to direct
the sample to two columns and two detectors. For method S021 A. a single
column is used and the PID and ELCD detectors are connected in series. This
configuration may also ~ used for :;imultaneous S010B/S020A detenninalion.

10.2.1. Refer to Table A.":~. A-3 and .'\-4 for GC operating conditions.

10.3. Initial Calibration

10.3.1. Refer I~) S~cli()n III of th~ SOOOA section of this SOP for details llf initial
calibration crit~riJ.
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10.3.2. Soil samples mllSl be purged a140"C, therefore the calibration cwve
must also be purged at 40°C. A separate calibration, purged at ambient
temperature. must be used for aqueous samples. The aqueous calibration
may be used for medium level soils.

10.3.3. The low level calibration must be at the reponing limit or below. The
remaining standards encompass the working range of the detector.

10.3.4. Calibrate the instrument using the same volume that will be used during
sample analysis.

10.4: Continuing Calibration

10.4.1. Refer to Tables A-9 and A-I 0 for details of continuing calibration
acceptance criteria.

10.4.2. The level 3 calibration standard is used for the continuing calibration.

11. PROCEDURE

11.1. Refer to the method 8000A section of this SOP for general procedural
requirements.

11.2. .AJ1alylical Sequence

The anal)'1ical sequence stans with an initial calibration of at least five points. or a
daily calibration that meets % difference criteria from an existing initial
calibration.

11.2.1. The daily calihmlion must be analyzed at least once every 24 hours
when sampks are ~ing analyzed. If there is a break. in the analytical
sequence of greater than I::! hours. then a new continuing calibration run
must be analy"/~d helore proceeding v.ith the sequence. Ifmore Ihan::!4
hours ha.... e: dapseJ since the injection of the last sample in the anal~ tical
sequence. a n~\.\ analytical sequence must be started with a dail~

calibration.

11.2.2. The daily ~alihratiun t,;lJnsists of mid le\"\~1 standards of all analyt~s Ill'

interest. R~t~ntiIUllim~ \\indo\\"s must Ix updated \\oith the dail~

calibration.

11.2..3".' Aftt:r t:\~r~ I(I :-.1I11rl~.; I int.:hlding L( ·S. method blank. and ~vt:' samplt:s I

a t:ontinuing cliihr•.ltl\lll IS :.mill~ zed. The continuing <.:alibratil'n (on..;ists
of mid It:\..: I stJl1J.lr,!...; \II" all .lnal yt~s \.)r" inte:res! for the: \·0 lali k' 1l1t:1l111J ...
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It is not necessary but it is permissible to update retention time windows
Ylith continuing calibrations.

11.3. Confirmation

The PID and ELCD detectors are sufficiently selective that second column
conftrmation is not always necessary. Requirements for second column
confirmation should be decided in consultation with the client. For method
802lA confirmatory information can be gained by comparing the relative
response from the tv.·o detectors.

11.4. Aqueous Sample Analysis (Purge and Trap units using sparge vessels)

11.4.1. Depending on the sensitivity of the instrument and capabilities of the
purge and trap device, 5. 10, 20. or 25 mL sample volumes may be
analyzed. A 5 mL sample volume is recommended.

11.4.2. Rinse a 5 mL (or 25 mL for larger sample volumes) gas-tight s)TInge
with organic free water. Fill the syringe with the sample to be analyzed.
and compress to volume.

11.4.3. Check and document the pH of the sample remaining in the VOA vial
after loading the syringe.

11.4.4. Spike with the appropriate volume of surrogate/internal standard
solution and matrix spike solution (if required) through the barrel of the
syringe. Refer to Tables A-5. A-6. A-7 and A-8 for volumes and
concentrations of spiking solutions.

H.4.5. Load Onto the purge and trap device and stan the run.

11.4.6. If the initial analysis of a sample (lr a dilution of the sample has a
concentration of analytes that t'!xceeds the initial calibration range. th~

sample must be reanalyzed at <l higher dilution. When a sample has a
high response for a compound. analysis should be followed by an
Oftdanic fre~ w<ltt'!r blank. It is rewgnized that during automated
unanendt'!d analy~i:o;. this ma~ nt,,\loccur. If any potential carryover hits
are present in samples follo\\'ing highly contaminated samples. th~

sample must he n:analy/.ed to detennine if any of these hits are a rt'!sult
of ~aITYO\"t~ror ~r~ aClU~lly prt'!s....nt in th(: sample..
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ll.4.7. Dilutions may be made in gas tight syringes unless the volume of sample
used is less than 5 uL, in which case dilution in volumetric flasks will be
necessary.

I1.4.7.1. Spike with the same volume of surrogate/internal standard
solution as used for undiluted samples prior to loading onto the
purge and trap device.

I1.4.7.2. For Matrix spike! matrix spike duplicates where the sample
requires dilution. the sample is spiked after the dilution is
performed.

11.5. Low-Level Solids Analysis

This method is based on purging a heated sediment/soil sample mixed \Vith
organic free water containing the surrogate and, if applicable. internal and matrix
spiking standards. Analyze all reagent blanks and standards under the same
conditions as the samples (e.g.. heated). The calibration cUf\\~ is also heated
during analysis. Purge temperature is 400C.

11.5.1. Do not discard any supemalant liquids. Mix the coments of the
container with a narro'\" metal spatula

11.5.2. Weigh out 5 g (or other appropriate aliquot) of sample into a disposable
culture tube or oth~r purge vesseL Record the weight to the nearest 0.1
g. If method sensiti\·ity is demonstrated. a smaller aliquot may be used.
Do not use aliquot::; less than 0.5 g. If the sample is contaminated with
analytes such that 0. purge amount less than 0.5 g is appropriate, use the
medium level method de:>cribed in section 11.6.

11.5.3. Connect the purge \"t~s::;el to the purge and trap de\ ic~.

11.5.4. Rinse a 5 mL ga"Highl s~ ring~ \.... ith organic free waler. and till.
Compress to 5 ml. :\dd surrogate/internal standard (and matrix spike
solulions ifr~uir~d.1 fSI.~ Tables A-5. A-6. A-7 and A-8.IAdd directly
to the sample from 11.6.~.

11.5.5. The anew steps ;.;hllulJ ~ pcrforrn~d rapidly and \\ ithoul interruption (0

u\oid loss oh·nl..1Uk org:.mics.

11.5.6:'· Add the hc::ater j;:lckd llr lIther healing de\·ice •.mJ ~t:m the purge and lrap
unit.
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11.5.7. Soil samples that have low [S recovery when analyzed should be
reanalyzed once to confirm matrix effect.

11.6. Medium-level Soil Analysis: This method is based on extracting the soils with
methanol. A waste sample is either extracted or diluted, depending on the
solubility with methanol. An aliquot of the extract is added to organic free water
containing internal standards as appropriate. These extracts are analyzed under
the same conditions as aqueous samples.

11.6.1. Do not discard any supernatant liquids. Mix the contents of the
container with a narrow metal spatula.

11.6.2. Weigh 4 g (wet weight) of sample into a tared 20 mL vial. Note and
record the actual weight to 0.1 g.

11.6.3. Quickly add 9.5 mL of methanol and 0.5 ml of surrogate solution. For
matrix spikes or LCS, add 9.0 mL of methanol. 0.5 mL of surrogate
solution, and 0.5 mL of matrix spiking solution. For method blanks, use
9.5 ml of methanol spiked Vvith 0.5 ml of surrogate solution. Cap the
vial.

11.6.4. Shake the vial for 2 min.

11.6.5. Pipet approximately 1.0 roL of the extract into a I or 2 mL screVJtop
autosampler vial for storage. using a disposable pipet. The remainder
may be discarded.

11.6.6. Rinse a gas·tight syring~ \\oith organic free water. Fill the syringe with
the same volume of organic free water as used in the calibrations. Add
no more than 2% (vI .... ) (100 III for a 5 mL purge) methanolic extract to
the syringe. Add internal standard if used. load the sample onto the
purge and trap de.... ice. If less than 5J.l. L (l f methanolic extract is to be
added to the water. dilute th~ methanolic extract such that a volume
greater than 51lL will he added to the Water in the syringe.

12. DATA ANALYSIS AND CALCtL.-H[ONS

Rd~r to section 12 of the 8000A section \)( this S<W.

13. METHOD PERFORi\1ANCE

I~.I. Pertormance limit" tor th~ four ro:r1ic:HI.: initial Jt:monstration of capability
r~4ui;l.:d under S~ction 1~.l llf lhl.: XOo(!.\ :>t:ctil)l\ llfthis SOP art:' presento:d in
TClblt:'s Aq and A-I O. Tho: spikin;:. 11.:\.:i ...h\)uld ~ 20 ~lg L.
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This method does not contain any specific modifications that serve to minimize or
prevent pollution.

15. WASTE MANAGEMENT

15.1. Waste generated in this procedure will be segregated and disposed according to
the facility hazardous waste procedures. The Environmental Health and Safety
Director should be contacted if additional information is required.

16. REFERENCES

16.1. Test Methods for Evaluating Solid Waste. Physical/Chemical Methods. SW 846.
3rd Edition. Final Update II, September 1994. Sections 8010B. 8020A and

802IA.

17. MISCELLANEOUS

17.1. Modifications from Reference Method

17.1.1. Purge volumes greater than 5 mL (up to 25 mL) may be used as required
to meet reporting limits.

17.1.2. The shutoff \"alve for the sample-measuring syringe has been omined.

17.1.3. The use of a soil aliquot between I g and 5 g is allov..·ed if performance
criteria are met.

17.1.4. The method has been extended to include the use of VOA vial sampling
purge and trap autosamplers.

17.2" Modifications from pre\"ious re\"ision

17.2.1. Recommend~ internal and surrogale standards have been changed.

17.3. Facilit) Specific SOPs

Each facility shall anach a list of facility sp..:..:i1i..: SOPs or approved attachments
(i f applicable I which are n...quired tll impklll<:nt this SOP or which are used in
conjunction \\ ith this SUP. If nl' f;.It.:ilit~ sf'I:=..:ilic SOPs or amendments art: to he
attached. a statement must tx all:1dl~d sr..:L"il~"ing. that there are none.
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I i.3.l. Refer to Ihe SOP change form on file in Nonh Canlon'$ Qualify
Assurance office.



APPENDIX A

ANALYSIS OF VOLATILE ORGANICS BASED ON
METHODS 80108, 8020A, AND 8021A

17.4. Tables

SOP No: CORP-GC-ooeJINC
Revision No: 2.1
Revision Date:08l12196
Page AI2 of A21

Table A-I

Standard Analyte List

Test Compound CAS Reporting Limit, ugIL or ug/kg

number Aqueous Low Soil Medium
Soil

8010B Bromodichloromethane 75-27-4 1.0 1.0 120
Bromofonn 75-25-2 1.0 1.0 120
Bromomethane 74-83-9 1.0 1.0 120
Carbon Tetrachloride 56-23-5 1.0 1.0 120
Chlorobenzene 108-90-7 1.0 1.0 120
Chloroethane 70-00-3 1.0 1.0 120
2-Chloroethyl vinyl ether 110-75-8 5.0 5.0 620
Chloroform 67-66-3 1.0 1.0 120
Chloromethane 74-87-3 1.0 1.0 120
Dibromochloromethane 124-48-1 1.0 1.0 120
1.2-Dichlorobenzene 95-50-1 1.0 1.0 PO
1,3-Dichlorobenzene 541-73-1 1.0 1.0 120
1.4-Dichloro'benzene 106--16-7 1.0 1.0 120
Dichlorodifluoromethane 75-71-8 1.0 1.0 120
1,l-Dichloroethane 75-34-3 1.0 1.0 12D
1,2-Dichloroethane 107-06-2 1.0 1.0 120
1.1 ~Dichloroethene 75~5-4 1.0 1.0 120
cis-l.2 Dichloroethene 156-59-4 1.0 1.0 120
trans-l 2 -Dichloroethene 156-60-5 1.0 1.0 120
Dichloromethane(DCM) 75-09-:! 5.0 5.0 620
1.2-Dichloropropane 78-87-5 1.0 1.0 120
cis-I.3-Dichloropropene 10061-01- 1.0 1.0 120

)

Irans-I.3-Dichloropropene 10061-0~- 1.0 1.0 120
6

I.I.';.~-Tetrachloroethane 79-3~-5 1.0 1.0 120•
Tctrachloroethene 127-18--1 i 1.0 1.0 120
I. 1. I-Trichloroethane 71-55-6

,
1.0 1.0 120I

11.1.';-Trichloroethane 79-00-.' ! 1.0 1.0 120
rrichlorOl::thene 7~-(11-(> ! 1.0 1.0 I~O

TrichllmJ!luoromethane 75·bl.)~ • 1.0 1.0 120,
Vinyl r~I"oride 75-01--+

,
1.0 1.0 120I

.\JJit!\'Jl.tl I Bt:n~ I (·hl(lfide 11"0--4-7 :' .0 5.0 6:!0
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Table A-I

Standard Analyle List

Test Compound CAS Reporting Limit, ugIL or ug/kg
nwnber Aqueous Low Soil Medium

Soil

anal~1es Bromobenzene 108-86-1 1.0 1.0 120
for 8010B Dibromomethane 74-95-3 1.0 1.0 120

I, I ,1;2-Tetrachloroethane 630-20-6 1.0 1.0 120
1.1,3-Trichloropropane 96-18-4 1.0 1.0 120

8020.->. Benzene 71-43-2 1.0 1.0 120
Chlorobenzene 108-90-7 1.0 1.0 120
I)-Dichlorobenzene 15-34-3 1.0 1.0 120
1,3-Dichlorobenzene 107-06-2 1.0 1.0 120
l,4·Dichlorobenzene 75-45-4 1.0 1.0 120
Ethyl Benzene 100-41-4 1.0 1.0 120
Toluene 108-88-3 1.0 1.0 120
Xylenes (total) 1330-20-7 1.0 1.0 120

Additional 1;2,4 Trimethylbenzene 95-63-6 1.0 1.0 120
8020.->. 1,35 Trimethylbenzene 108-67-8 1.0 1.0 120

Acetone 67-64-1 10 10 1200
MEK (2-bulanone) 78-93-3 5.0 5.0 620
MIBK (4-methyl-2-pentanone) 108-10-1 5.0 5.0 620
Naphthalene 91-20-3 2.0 2.0 250
Styrene 100-42-5 1.0 1.0 120
Methyl ten-butyl ether (MTBE) 1634-04-4 1.0 I 1.0 120

80: 1.\ Benzene 71-43-2 1.0 I 1.0 120
Bromobenzene 108-86-1 1.0 1.0 120
Bromochloromethane 74-97-5 1.0 1.0 120
Bromodichloromethane 75-27-4 1.0 I 1.0 120
Bromoform 75-25-2 1.0 I 1.0 120
Bromomethane 74-83-9 1.0 ! 1.0 120
n-butylbenzene 104-51-R 1.0 I 1.0 120
sec-Butylbenzene 135-98-R 1.0 I 1.0 120
tC'rl-Butylbenzene 98-06-6 1.0 I 1.0 I 120I

Carbon TC'trachloride 56-::!3-5 1.0 I 1.0 120
(Oh lorobenzene 108-90-7 1.0 I 1.0 120
("hlorodi hromom~thane 124-4X-1 1.0 ; 1.0 120
(·hloro~thane 75-00-3 1.0

,
1.0 I 120

I
Chlorotoqn 67-66-3 1.0 , 1.0 120
( ·hlorom~thane 74-X7-3 1.0 ; 1.0 120
j2-( ·hlnroh\lucn~ l}5-~Q-8 1.0 1.0 120
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Table A-I

Standard Analyte List

reS! Compound CAS Reponing Limit, ugIL or ug/kg

number Aqueous Low Soil Medium
Soil

4-ChJoroto\uene 106-43-4 1.0 1.0 120
1,2-Dibromo-3-Chloropropane(DBCP) 96-12-8 1.0 1.0 120
1,2-Dibromoethane(EDB) 106-93-4 1.0 1.0 120
Dibromomethane 74-95-3 1.0 1.0 120
1,2-Dichlorobenzene 95-50-1 1.0 1.0 120
1,3-Dichlorobenzene 541-73-1 1.0 1.0 120
1,4-Dich1orobenzene 106-46-7 1.0 1.0 120
Dichlorodifluoromethane 75-71-8 1.0 1.0 120
1,l-Dichloroethane 75-34-3 1.0 1.0 120
1,2-Dichloroethane 107-06-2 1.0 1.0 120
1.I-Dichloroethene 75-35-4 1.0 1.0 120
cis-l.2-Dichloroethene 156-59-4 1.0 1.0 120
trans-12-Dichloroethene 156-60-5 1.0 1.0 120
l.2-Dichloropropane 78-87-5 1.0 1.0 120
1,3-Dichloropropane 142-28-9 1.0 1.0 120
2,2-Dichloropropane 590-20-7 1.0 1.0 120
1.I-Dichloropropene 563-58-6 1.0 1.0 120
cis-I.3-Dichloropropene 10061-01- 1.0 1.0 120

5
trans-I.3-Dichloropropene 10061-02- 1.0 1.0 120

6
Ethylbenunc: 100-41-4 1.0 1.0 120
Hexachlorobutadiene 87-68-3 1.0 1.0 120
lsopropyl~nzene 98-82-8 1.0 1.0 120
p-I$oprop~ Itoluene 99-87-6 1.0 1.0 120
Mt':thylen~ Chloride 75-09-~ 5.0 5.0 620
Naphthalene: 91-20-3 2.0 2.0 250
n-Propyl~nlene 10306501 1.0 1.0 120
Styr~n~ 100-42-5 1.0 1.0 120
1.1.1.2-T~trachloroethane 630-20-6 1.0 1.0 120
1.1.~.:>Tetrachloroethane 79-34-:- 1.0 1.0 I~O

T~tr:.lchltlf\ \~th~ne 127-18--1 1.0 1.0 120
rl\lll~lll.: 108-88-) 1.0 1.0 120
1.2.3-"[richlllnlbt:nzene 87-01-6

,
III 1.0 120

I.~A- rri~hlilrobenzene 120-82-1 1./1 1.0 120
11.1.1- rri..:hl\ln~thanl.: 71-55-6

,
1.0 1.0 I~O,

[1. 1.2- I"ri..:h 1\ 'foelhane 179-'10-';; I 1.0 1.0 , I~O, - ---
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Table A-I

Standard Analyte List

Tes! Compound CAS Reponing Limi~ ugfL or ug/kg
number Aqueous Low Soil Medium

Soil

Trichloroethene 79-01-6 1.0 1.0 120
Trichlorofluoromethane 75-69-4 1.0 1.0 120
1.?.3-Trichloropropane 96-18-4 1.0 1.0 120
I.?.4-Trimethylbenzene 95-63-6 1.0 1.0 120
1.3.5-Trimethylbenzene 108-67-8 1.0 1.0 120
Vinyl Chloride 75-01-4 1.0 1.0 120
Xylenes (total) 1330-20-7 1.0 1.0 12Q

.

The analytes listed as Additional8010B and Additiona18020A are amenable to these tests and
may be analyzed at client request.

".
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Table A-2

Recommended Conditions for Method 8020A ..

Parameter Recommended Conditions

Temperature program 50'C, lmin, 100CImin to 200'C,lmin

Column I Rtx-502.2 or DB-502.2 60m x 0.53mm 3.0um

Column} Rtx-l or DB-160m x 0.53mm 3.0 urn

Carrier gas Helium or hydrogen

Purge Flow I time 40 mUmin, 11 minutes

Desorb Temp I time 180'C,2 minutes (220'C for Vocarb 3000)

Bake Time I temp 200°C, 12 minutes (230°C for Vocarb 3000)

Transfer line I valve temp 115°C

Table A-3

Recommended Conditions for Method 80108 or Method 8010B/8020A

Parameter Recommended Conditions

Temperalure program 35°C. 12 min. then 4°C/min to 200c,C. hold for 5 min

Colur. :l I DB-VRX or RTX-502.2 105m x 0.53 mm id df= 3.0um

Column :2 DB~I or RTX-l 105m x 0.53 mm II) df= 3.0um

Colwnn 3 Rtx ~ Volatiles 120m x O.53mm ID df=~.Oum

Carrier gas Helium

Purge Flo\\ :' rime -1-0 mLlmin. 11 minutes

Desorb Temp time 180"C.1. minutes (~1.O"C tor Vocarh 30001

Bake Time tl:mp 200"C. 12 minutes (230"C for Vocarb }(){J(J)

Transfer lin..: \:.1ht.' lI,;mp 115T .
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Table A-4

Recommended Conditions for Metbod 8021A -

Parameter Recommended Conditions

Temperature program 35°C, 12 min, then 4°C/min to 200°C, hold for 5 min

Calwnn I DB-VRX or RTX-502.2 105m x 0.53 mm id df= 3.0um

Colwnn2 DB-l or RTX-l 105m x 0.53 mm ID df= 3.0um

Column 3 Rtx - Volatiles 120m x 0.53mm ID df=2.0um

Carrier gas Helium

Purge Flow I time 40 mUmin, 11 minutes

Desorb Temp! time 180'C, 2 minutes (220'C for Vacarb 3000)

Bake Time I temp 200°C, 12 minutes (230°C for Vocarb 3000)

Transfer line I Yal\"t~ temp 115°C
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Table A-5
Surrogate and Internal Standard Concentrations for AqueGus and Low Level Soil Samples

5L1ndard Components Working Spike amount Final
50lution ug/mL uL (for 5 mL concentration

purge) ugIL (uglkg)

8020A 4-Chlorotoluene (55) 20 5 20
15/55 l-Chlor0-4-fluorobenzene (15) 40 40
80108 151S~ 4-<:hlorotoluene (55) 20 5 20

I-Chlor0-4-fluorobenzene (15) 40 40
8021A Fluorobenzene (55) 20 5 20
15/55

1.4-DichlorobUL1ne (55) 20 5 20
l-Chlor0-4-fluorobenzene (15) 40 10 40

It may be necessary to select different surrogates in order to minimize sample interferences. !
chloro-4-fluorobenzene and 4-chlorotoluene are fairly well resolved from analytes listed in this
SOP. However 4-chlorotoluene may sometines be requested as a target anal~1e for method 8010.
Other surrogates that may be considered. and issues associated with their use are:
Bromochloromethane: Elutes very close to chloroform and cis-1.2-dichloroethene on the

502.2 column. Target analyte for 8021.
1.2-Bromochloroethane:
1-Chloro-2-fluorobenzene:

a.a.a-Trifluorotoluene:
Bromofluorobenzene:

2-Bromo-l-chloropropane:

'.

Elutes close to ethylbenzene on DB-lor Rt",-I and dose to m.p
xylene on 502.2
Good for 8020. coelutes or very close to trichloroethene
Close to 1.1.2.2-trichloroethane and 1.2.3-trichloropropane on the
50~.2 column. Good on DB-lor Rtx-l.
May coelute with 1,l.2-trichloroethane
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TableA-6
Surrogate and Internal Standard Concentrations for Medium Level Soil Samples

Standard Components Working Spike amount Cone in Cone in purged
Solution JlL (for 5 mL 4g sample extract 1lg!L
Jlg/mL purge) Jlg/kg (l001lU5 mL)

8020A SS 4-chlorotoluene (SS) 20 500 2500 20

8020A IS l-chloro-4-fluorobenzene 20 5 N/A 20

8010B SS 4-chlorotoluene (SS) 20 500 2500 20
8010B IS l-cWoro-4-fluorobenzene 20 5 N/A 20

8021A SS Fluorobenzene 20 500 2500 20
1-4-Dichlorobutane 20 500 2500 20

8021A IS 1-ch1oro-4-fluorobenzene 20 5 N/A 20

Table A-7 1/

Concentrations for LCS and MSIMSD compounds, low level soil and aqueous
Standard Components Working Solution Spike amount Final concentration

ug/mL uL (5 mL uglL (ug/kg)
purge)

8020A MS Benzene 10 5 10
Toluene 10 10
Chlorobenzene 10 10

8010B MS Chlorobenzene 10 5 10
1.1-Dichloroethene 10 10
Trichloroethene 10 10

8021A MS Benzene 10 5 10
Toluene 10 10
Chlorohenzene 10 10
1.1-Dichloroethene 10 10
Trichloroelhc:ne 10 10
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Table A-8
Concentrations for LeS and MSIMSD compounds, medium level soil

Standard Components Working Solution Spike amount Final concentration
ug/mL uL·· u!>'L (ug/kg)

8020A MS Benzene 10 500 10
Toluene 10 10
Chlorobenzene 10 10

8010B MS Chlorobenzene 10 500 10
1,1-Dichloroethene 10 10
Trichloroethene 10 10

8021A MS Benzene 10 500 10
Toluene 10 10
Chlorobenzene 10 10
1,1-Dichloroethene 10 10
Trichloroethene 10 10
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Table A-9
Continuing Calibration and Initial Demonstration Limits

Analyte Continuing Calibration Initial Demonstration RSD
and Initial Demonstration Limits, %

Recovery Limits, +/- %

Method 8010B

Bromodichloromethane 24.0 21.5
Bromoform 26.5 23.5
Bromomethane 41.5 38
Carbon Tenachloride 31.5 28
Chlorobenzene 28.0 25
Chloroethane 23.0 22
2-Chloroethyl vinyl ether 40.0 41.5
Chloroform 25.0 " --_.)

Chloromethane 40.5 37
Dibromochloromethane 34.5 31.5
1,2-Dichlorobenzene 30.0 27.5
1,3-DichIorobenzene 50.5 45.5
1.4-Dichlorobenzene 30.5 27.5
1.1-DichloroethaJe 16.0 16
1,2-Dichloroethane 28.5 26
l,l-Dichloroethene 37.0 33
trans-I.;J.-Dichloroethene 36.0 -,,.
Dichloromethane ,,- 20-_.)

l.;J.-Dichloropropane 26.0 26
cis-l.3-Dichloropropene 36.0 36.5
trans-l,3-Dichloropropene 36.0 36.5
1.1,2.2-Tetrachloroethane 51.0 46
Tetrachloroethene 30.0 27
1.I.I-Trichloroethane 29.0 245
1.1.2-Trichloroethane 215 1<,)5
Trichloroethene :!3.0 I 21
Trichlorofluoromemane 33.5 30
Vinyl chloride 31.5 2S.5
Additional compounds I 35 ~5 !
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Table A-IO
Continuing Calibration and Initial Demonstration Limits

Analyte Continuing Calibration Initial Demonstration RSD
and Initial Demonstration Limits, %

Recovery Limits, +/- %

Metbod 8020A

BenLene 23.0 20.5
Chlorobenzene 19.5 17.5
1,2-Dichlorobenzene 32.0 29.0
1,3-Dichlorobenzene 27.5 25.0
l,4-Dichlorobenzene 30.5 27.5
Ethylbenzene 37.0 33.5
Toluene ?? - 20.0-_.)

Additional compounds 35.0 25.0
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I. SCOPE AND APPLICATION

This SOP Appendix describes procedures to be used when SW-846 Method 8000A is
applied to the analysis of organochlorine pesticides and Aroclors (PCBs) by GCIECD.
This Appendix is to be applied when SW-846 Method 8080A is requested, and is
applicable to extracts derived from any matrix which are prepared according to the
appropriate Quanterra sample extraction SOPs. (CORP-OP-OOO 1)

Table B-1 lists compounds which are routinely detennined by this method and gives the
Reporting Limits (RL) for each matrix. RLs given are based on the low level standard
and the sample preparation concentration factors. Matrix interferences may result in
higher RLs than those listed.

2. SUMMARY OF METHOD

This method presents conditions for the analysis of prepared extracts of organochlorine
pesticides. The pesticides are injected onto the column and separated and detected by
electron capture detection. Quantitation is by the external standard method.

3. DEFINITIONS

Refer to the QAMP for definitions of terms used in this document.

4. INTERFERENCES

4.1. Refer'to the method 8000.-\ section of this SOP for infonnation regarding
chromatographic interferences.

4.2. Interferences in the GC anal~...sis arise from many compounds amenable to gas
chromatography that give a measurable response on the electron capture detector.
Phthalate esters.....·hich are common plasticizers. can pose a major problem in the
detenninations. Interferences from phthalates are minimized by avoiding contact
with any plastic materials,

4.3. Sulfur will intert~n: and can be removed using procedures described in SOP
CORP-Op·OOOI.

4.-1-. Intert~rences co-extral.:tcd from samples will vary considerably from sourc~ to
sourc~. Th~ presence or illt~rl<:r~nc~smay raise quantitation limits for indi\·idua!
samples. Speci lie cIe~murs may /)co perfonned on the sample extracts. including
tlorisil ckanup (i\ lethod 3t)~(J). Gd Pemle.ltion Chromatography (Method 3()40 l.

and Sulfur deanur 1\letht'J 3(60). rh~sc deanup pwccdurc:s are included in S<)P
" CORI~-OP-OO()1.
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5.1. Refer to section 5 of the Method 8000A SOP for general safety requirements.

5.2. Aroelors have been classified as a potential carcinogen under OSHA.
Concentrated solutions of Aroelors must be handled with extreme care to avoid
excess exposure. Contaminated gloves and clothing must be removed
immediately. Contaminated skin surfaces must be washed thoroughly.

6. EQUIPMENT AND SUPPLIES

6.1. Refer to Section 6 of the 8000A section of this SOP. A 63Ni electron ·capture
detector is required.

6.2. Refer to Table B-2 for analytical columns.

6.3. Microsyringes, various sizes. for standards preparation, sample injection. and
extract dilution.

7. REAGENTS AND STANDARDS

7.1. Refer to the method 8000A section of this SOP for general requirements for
reagents and supplies.

7.2. Refer to Table B-.3 for details of calibration standards.

7..3" Surrogate Standards

Tetrachloro·m-xylene and decachlorobiphenyl are the surrogate standards.
Dibutylchlorendate may be used at c1ic:nt request. Refer to tables B~5. 8-6. and 8·
7 for details of surrogate standards.

7..1. Column Degradation Evaluation Mix

A mid-level standard containing 4.4·-DDT and Endrin and not containing any of
th~ir breakdown prodU<.:t:, must ~ prepared for c\'aluation of d~grada[ionof !hc::,e
compounds by the GC column and injection pan. This mix must bc replaced after
on~ year. or whenc:\"er cOITI.:cti\ ,: ,lction to columns fails to eliminate th~

br~akda\'...n ofth~ compound!'. \\"hiche\"cr is shaner. This solution :.11$0 comains
the surrogates. Refer ttl Tahl .... B-.f for details llf the column degr..ldation
t.'\·aluation mix.

,.
8. SA'IPLE COLLHTIO"i. PRESEHSATlO;'> AND STOR.-\GE
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9. QUALITY CONTROL

Referto Section 9 of the 8000A section of this SOP.

10. CALlliRATION AND STANDARDIZATION

SOPNoo CORP~~INC
Revision No: 2.1
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10.1. Refer to Section 10 of the 8000A section of this SOP for general calibration
requirements.

10.2. External standard calibration is used for this method.

10.3. Refer to Table B-2 for details ofGC operating conditions. The conditions listed
should result in resolution of all analytes listed in Table B-1, on both columns.
Closely eluting pairs are DOE and Dieldrin on the Re<-5 or 08-5 colwnn and
Endosulfan II and DDD on the 1701 column.

10.4. Colwnn Degradation Evaluation

Before any calibration runs. either initial or daily. the column evaluation mix must
be injected. The degradation cfDOT and endrin must be calculated (see
equations 9 and 10) and ~ach shown to be less than 20% before calibration can
proceed. This is only necessary if the target compound list includes DDT, Endrin.
or any of their degradation products.

If the breakdown of DDT and/or endrin exceeds the limits given above. correctiv~
action must be taken. This action may include:

• Replacement ofth~ inj~ction port liner or the glass wool.

• Cuning off a portion of the injection end of a capillary column.

• Replacing th~ GC column.

10.5. Initial Calibration

Refer to Section 10 of [h~ 8000A s~ction of this SOP for details of calibration
procedures.

10.5.1. Refer to 'rable B·8 fN th~ initial calibration analytical sequence.

10.5.::!. ·["he response 1(lr ~ach single.pc:ak anal) te v. ill be calculated b) the
~xternul stanJard pro..:edure describc::d in the general m~lhod tor CiC
i.U1ul) sis.

IO.:'.~. Th( surrogah: \:alibra:i\>11 I.:un ( is 1.:;;i1culatl.:d from thl.: InJh idual :\H llli\
(or frum lhl.' \r.~h'r i016'126fl mix if[h~ analysi:, is tix al.:id deonl.:J
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Aroelor only). Surrogates in the other calibration standards are used
only as retention time markers.

10.5.4. For multi-component pesticides and Aroelors:

Two options are possible for quantitation of multicomponent pesticides
and Aroclors. The same quantitation option must be used for standards and
samples.

10.5.4.1. Multiple peak option

Sele<:1 3-10 major peaks in the analyte panem. Calculate the
response using the total area or total height of these peaks.
Alternatively_ find the response of each of the 3-10 peaks per
multi·peak pesticide or Aroelor. and use these responses
independently. averaging the resultant concentrations found in
samples for a final concentration resulL When using this option.
it is appropriate to remove peaks that appear to be coeluting with
contaminant peaks from the quantitation. (i.e. peaks which are
significantly larger than would be expected from the rest of the
panem·l

I0.5.4.2. Total area option
The total area of the standards and samples may be used for
quantitation of muJticomponent analytes. Any surrogate or
exuaneous peaks \\ithin the envelope must be subtracted from
the total area. This option should not be used if there are
significant interference peaks within the multicomponent pauern
in the samples. The retention time window for total area
measurement must contain at least 90% of the area of the analyte.

10.5.5. For multicomponem analytes. lhe low level standard must be analyzed
as pan of the initial calihration. If multicomponent analytes are present
above half the reponing limit in any of the samples. these samples must
be reanalyzed and quantitated against a valid five point calibration
(unless a 5 point calibration for multicomponent was included as part of
the initial calibrati(ml.

10.5.6. The analyst ma~ incluJe: a full 5 point calibration for any of the
multicomponent anal~ l~' \\·ilh tht: inilial calibration.

10.5.7. fur Aroclor only anal~ sis. ;l li\-~ {wim calihration of the 1016, 1260 mix
.... is g~nerat~d v.ith <11 kast Itm l~\\;l single points for the otht:r :\rocJor

mixes. If multicomponem ~n;.llytt:s ar..: pres,;nt ab<wt: half th~ reporting
limit in any ofth~ .....1ll1pk:-. lht:'c: s4.lmples must ~ reaniJlyzc:d and
quantllated againsl a UIIJ li\ ...· !1'-)im .:alihration.
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The daily calibration verification must be analyzed within 24 hours of the stan of
the initial calibration and at least once every 24 hours thereafter if samples are
being analyzed. If there is a break in the analytical sequence of greater than 12
hours, then a new continuing calibration run must be analyzed before proceeding
"'ith the sequence. Ifmore than 24 hours have elapsed since the injection of the
last sample in the analytical sequence. a new analytical sequence must be started
'With a daily calibration.

10.6.1. At a minimum, the daily calibration includes analysis of the breakdown
mix followed by mid level standards of any single component analytes.
(The individual mix AB and any additional single component analytes.)

10.6.2. If any multicomponem analytes are to be quantitated, then the daily
calibration must include mid level standards of the appropriate
multicomponents.

10.6.3. If multicomponent analytes do not have a full five point initial
calibration or are not included with the daily calibration, then any
multicomponent analytes found at greater than half the reporting limit
must be reanalyzed and quantitated against a five point. Note that, at a
minimum, all multicomponem analytes of interest must have a low level
standard analyzed as pan of the initial calibration to ensure that the
sensitivity of the instrument is sufficient for panem recognition.

10.6.4. Muiticomponent anal:les may be quantitated if there is a valid 5 point
initial calibration on the instrument for the multicomponent analyte and
a mid level standard of the muiticomponent is analyzed within 24 hours
and prior to the sampl~. The mid level standard must meet the 15%
calibration criteria for quantitation.

10.6.5. The retention tim~ windo\\"s for any analytes included in th~ daily
calibration are updated.

In. 7. Continuing Calibration

The AS calibration mix is anal:z~d as th~ continuing calihration standard. This is
analyzed after eyery I0 samplc:~. induding. matrix spikes. LCS. and method
blanks. The continuing l:alibratilln standard n~~d mlt indudc: "multicomponent
anal~les.

. ,.....
10.7.1.· The le\·el 3 calibr.ttillll ~1;,mdarJ is u....~J 1\1f the cttntinuing calibration.
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10.7.2. Ifonly Aroclors are requested, the continuing calibration standard will
consist of the mid level 101611260 Aroclor standard with the surrogates
added.

II. PROCEDURE

ILl. Referto the method 8000A section of this SOP for general procedural
requirements.

11.2. Extraction

The extraction procedure is described in SOP No. CORP-OP-OOO I.

11.3. Cleanup

Cleanup procedures are described in SOP No. CORP-OP-OOOI.

11.4. Suggested gas chromatographic conditions are given in Table B-2,

11.5. Allow extracts to wann to ambient temperature before injection.

11.6. The suggested anal~lical sequence is given in Table B·8.

12. DATA ANALYSIS AND CALCULAnONS

12.1. Refer 10 the 8000A section of this SOP for identification and quantitation of
single component analytes.

11.2. Identification of Mu!ticomponent Analyt~s

Retention time windows are also used for ide:ntification of muhi-component
anal~1es, but the "fingerprint" produced b~ major peaks of those compounds in
the standard is used in tandem with the: retention times [0 identify the compounds.
The ratios of the areas of the major pt=aks an~ <lISQ taken into consideration.
Identification of these compounds ma~ !"Ie made: ~\·en if the retention times of the
peaks in the sample fall outside of the: retention time windows of the standard. if
in the analyst's judgment th~ t"ingt:rrrint (re:t~nlil)n time: and peak ratios I
res~mble$ the standard chromatog.ram.

11.].1. rh~ chromatogram is e....aIU<lh:d I\lr h:~hni~o.l ~hlordan~ if alpha <lnd
g.amma ~hlordane are prt:~nL Ir (;:L"hlli~al chllmlane is present it must be
quantitated against a 5 point It:t.:"hnical ~hl,\rJo.n~ curw.

•.
12.~. Quantilation \\1' \Iultkompon~ntAnal~ t..::'

l·s .... ~.10 maj'lr pl.:ab or total 'Ul.:<'l !"\lr qll:UlCit:lti"11 .1." dl.::'L"ri~d in sc:cli(ln lQ.:'.-L
initial c<ll ihrali, 'n of multiL"omr( 'n..:nl '1l1::1~ lc ...
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If the analyst believes that a combination of Aroelor 1254 and 1260, or a
combination of 1242, 1248 and 1232 is present, then only the predominant aroclor
is quantitated and reported, but the suspicion of multiple aro.clors is discussed in
the narrative. Jfwell separated Aroclor panems are present, then both aroclors are
quantitated and reported.

12.3.1. If there are no interfering peaks within the envelope of the
multicomponent analyte, the total area of the standards and samples may
be used for quantiration. Any surrogate or extraneous peaks within the
envelope must be subtracted from the total area.

12.4. Second column confirmation of Aroclors and other multi-eomponent analytes will
only be perfonned when requested by the client. because the appearance of the
multiple peaks in the sample usually serves as a confirmation of Aroclor presence.

12.5. Surrogate recovery results are calculated and reponed for decachlorobiphenyl
(DCB) unless it is determined that sample interference has adversely affected the
quantitation of that surrogate. Tetrachloro-m~xylene (TCMX) recovery is
reported in lieu of DCB in samples having the interference. and also may be used
in samples in which DCB recovery is low. Corrective action is only necessary if
DCB and TCMX are both outside of acceptance limits.

12.6. Calculation of Column Degradation/'l!·o Breakdo.....'I1 (%B)

Equation 15

DDT%B = A'HJn + AIIIH:·--'-'-=---"='-- x 1110
A/Ilm + AO/lf: +.4,,/,/

where:
ADDD. ADDE· and ADDT= th< r<'pons< of the peaks for 4.4'-000. 4.4·-00E.

and 4.4·~DDT in the column (kgradation evaluation mix.

Equation 16

Endrin %8 = _.:.A:..:.~,,--_+-,..:.i'",-',- x I (J()

AlA: -.1, r + AI

where:
./FA:. .11:"..1. and .-1 E = the response (\1" ..:nJrin h'(on~. ~ndrin ald-:hyde. and ~lldrin

in the column degradation t:\ aill,ltion mix.•.
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13.1. Performance limits for the four replicate initial demonstration of capability
required under Section 13.1 of the main body of this SOP are presented in Table
B-7. The spiking level should be equivalent to a mid level calibration.

U. POLLUTION PREVENTIO

Refer to section 14 of the 8000A section of this SOP.

15. WASTE MANAGEMENT

15.1. Waste generated in this procedure 'Will be segregated and disposed according 10

the facility hazardous waste procedures. The Environmental Health and Safety
Director should be contacted if additional information is required.

16. REFERENCES

SW846, Update II, September 1994, Method 8080A

17. MISCELLANEOUS

17.1. Modifications from Reference Method

17.1.1. Standards are made up in hexane. not isooctane. Use of standards in the
same solvent as the sample extracts (hexane) ensures that analysis of the
standard is consistent with analysis of the sample.

17.1.2. Only a single point initial calibration is required for muhicomponent
analytes (Aroclors. toxaphene and technical chlordane). However. if any
of these analytes are found. they must be quamitatc::d against a valid 5
point initial calibration.

17.1.3. Endrin ketone. alpha-chlordane and gamma·chlordane are included in
Ihe calibration standards. These are not standard 8080A analy1es.

17.:!. Modifications from Pre...·ious Revisions

/ - ,.' r"d/i(\' 5:pec{fh: S'( )Ps

fa{·h.fi.,dlifY shall uuach a liSf offudlif.l '/'t'dfk Sf )/" or appron.:d Uff£Khmelll.'

fir'lpplktlhleJ \1·hic:11 are required fo implel11t'/1/ fhi.\ sor or lI"hich ure l/xed in
nmjltnc../ion \I'ifl1 /hi.• SOP I(no f(/cili/y .'pet·lli".\{ )/', III" ({met/dments (Ire 10 he

(IItacHed. £I ,talemem IIlllSt he Ulluch;!" s/1I.:dfY;II.'.: If,Of fha" (II',' non/!,
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17.3./. Refer to the SOP change form an file in North Canton '$ Quality
Assurance office.

-.
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Table B-1
Standard Analyte list and Reporting Limits ..

Reponing Limit, ugIL or uglkg

Compound water soil waste

Aldrin 0.05 1.7 50
a-BHC 0.05 1.7 50
t>-BHC 0.05 1.7 50
d-BHC 0.05 1.7 50
g-BHC (Lindane) 0.05 1.7 50
Chlordane (technical) 0.5 17 500
4,4'-000 0.05 1.7 50
4.4'-00E 0.05 1.7 50
4,4'-00T 0.05 1.7 50
Dieldrin 0.05 1.7 50
Endosulfan I 0.05 1.7 50
Endosulfan 11 0.05 1.7 50
Endosulfan Sulfate 0.05 1.7 50
Endrin 0.05 1.7 50
Endrin Aldehyde 0.05 1.7 50
Heptachlor 0.05 1.7 50
Heptachlor Epoxide 0.05 1.7 50
Methoxychlor 0.1 3.3 100
Toxaphene 2.0 67 2000
Aroclor-1016 1.0 33 1000
Aroclor-122 I 1.0 -- 100000

Aroclor·1232 1.0 33 1000
Aroclor 1242 1.0 33 1000
Ar()cJor-12~8 1.0 33 1000
Arodor-1254 1.0 -- 100000

An'IClor-1260 1.0 -- 100000

APPENDIX IX ADD ONs
Diallatt: 1.0 ;3 1000
lsodrin 0.\ -- 100-~ ..'
Chlorohc...nzillale': 0.1 -- 100' ,,
Kl!pon.... 1.0 i -- 1000.' .' ,

;...iot..:: .llr~a ....hlllruane. g.amma chlordane. and endrin "'etone': i.lr~ Ill1t ~(JXUA wmpnunus.

'.
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The following concentration factors are assumed in calculating the Reporting
Limits:

Extraction Vol. Final Vol.

Ground water
Low-level Soil
High-level soil / ..vaste

1000 mL
30g

I g

JOmL
10mL
JOmL

Table B-2

Parameter Recommended Conditions

Injection pon temp 220'C

Detector temp 325°C

Temperature program 70°C for a.Smin. 30°Clmin to 19OOC. 25'C/min to 225,
18°C/min to 280°C, 3 min hold

Column I DB-5 or Rtx-5 30m x O.32mm id. O.5~m

Column 2 - DB·1701 orRo< 1701 30m x 0.32 mm id. O.25J.lm

Column 3 DB-608, 30m X 0.32 mm. 0.25~m

Injection 2~L

Carrier gas Helium or Hydrogen

Make up gas Nitrogen

Y spliner Restek or J&W or Supelco glass tee
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Standards ma~ Ix: spIn lOla an /\ and B mix Ifresolutlon of all comp\.\Und:-.l'n O<\lh columns IS
not ontained.
: I.evel 6 i:, (lpti{lOUI and shouh..l unly be used if linearity can ~ maintained on thr.: inSlnlment to
this le\ ~l. -
: Compound:, ;Jft' 0\11 R081).-\ target l.:ompounds hUl may he used in lic:u of running i.l Jaily
lel.:hnil.:al Chlofd~ln.,; '.t~ntlafd for samplc:s (hat an: non~dt:tecl fOf teL:hnil.:al ChlMd~lnt:.

, Dihutylchh1rt'nda:e m~l~ ~ indudc:s as a surrogate: Jt the: samt: L:on((ntr;lti,ln ..b
Jt:t:al.:hl()fohiphC:ll~ I if nCt·d...=<J li1r ";fk:citic die:nt re:que:sts,

Table B-3
Calibration Levels og/mL

Level I Level 2 I Level 3 Level 4 - Level 5 I Level 6-
Individual Mi:< AB
Aldrin 5 10 25 50 100 200
g-BHC (Lindane) 5 10 ,- 50 100 200.,
HeptacWor 5 10 25 50 100 200
Methoxychlor 10 20 50 100 200 400
Dieldrin 5 10 25 50 100 200
Endosulfan 1 5 10 ,- 50 100 200-,
Endosulfan II 5 10 ,- 50 100 200.,
4,4'·DDT 5 10 25 50 100 200
Endrin Aldehyde 5 10 ,- 50 I 100 200.,
Endrin Ketone 5 10 ,- 50 100 200.,
b-BHC 5 10 ,- 50 100 200.,
d-BHC 5 10 25 50 100 200
a-BHC 5 10 25 50 100 200
4,4'-DDD 5 10 25 50 100 200
4,4'-DDE 5 10 ,- 50 100 200.,
Endosulfan Sulfate 5 10 25 50 100 200
Endrin 5 10 ,- 50 100 200-,
a-Chlordane . 5 10 ,- 50 100 200.,
g-Chlordane- 5 10 ,- 50 100 200.,
Multicomponenr Standards
Chlordane (Technical) 50 100 250 500 1000 2000
Toxaphene 200 400 1000 2000 4000 8000
Arodor 10 16i1260 100 200 500 1000 2000 4000
.A.roclor 124~ 100 200 500 1000 1000 4000
Aroclor 1~~ 1 ..;..1254 100 200 500 1000 2000 4000
Aroclor 1232 100 200 500 1000 2000 4000
..<\.roclor I ~~8 100 700 500 1000 2000 4000
Surrogates are induded \\ith all the calibration mixes at the following levels:

Tetrachlof{)-m-xyh:ne 5 10 25 50 !oo 200
Oecachlorobiphen~ I ' 5 10 ,- 50 100 200.,

-
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Table 8-4
Column Degradation Evaluation Mix ng/mL

Component Concentration

4,4'-DDT 25
Endrin 25
Tetrachloro-m-xylene (Surrogate) 20
Decachlorobiphenyl (Surrogate) 20

Table 8-5
LCS/Matrix Spike and Surrogate Spike levels ug/L or uglkg

Aqueous Soil Waste
gamma BHe (Lindane) I 0.20 6.67 200
Aldrin 0.20 6.67 200
Heptachlor 0.20 6.67 200
Dieldrin 0.50 16.7 500
Endrin 0.50 16.7 500
4,4'DDT 0.50 16.7 500
Tetrachloro-m-xylene (Surrogate) 0.20 6.67 200
DecachlorobiphenyI (Surrogate) 0.20 6.67 200

Table 8-6
LCSlMatrix Spike and Surrogate Spike levels for Aroclor analysis with Acid Cleanup

ugIL or ug/kg
Aqueous Soil Waste

Atoclot 10 I6il 260 10 333 10.000
Tetrachloro-m-xylene (Surrogate) 0.20 6.67 200
Decachlorobiphenyl (Surrogate) 0.20 6.67 200

Table B-7
LCSlMatrix Spike and Surrogate Spike levels for TCLP ug/L or ug/kg

Aqueous Waste
Heptachlor 5 500
Heptachlor epoxide 5 500
Lindane 5 500
Endrin 5 500
Methoxychlor 10 . 1000
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Table B-8
Suggested Analytical Sequence
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Revision No: 2.1
Revision Date: 08112/96
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Initial Calibration
Injection #
1 Solvent blank (optional)
2 Breakdown Mix
3-7 Individual mix AB All levels
8 Arodor 101611260 Level I'
9 Aroclor 1232 Level I J

10 Arodor 1242 Level I'
11 Arodor 1248 Levell'
12 Aroelor 122111254 Levell'
13 Technical Chlordane Level II
14 Toxaphene Level II
15 Solvent blank
16-25 Sample 1-10

Solvent blank (optional)
26 Individual mix AB Mid level (Continuing calibration)
etc Sample 11-20

Solvent blank (optional)
Individual mix AS Mid level (Continuing calibration)
Sample 21-30
After 24 hours:
Breakdown mix
Individual mix AB
Any other single component analytes
Any multicomponent analytes for quantitation

I A five point curve for any of the multicomponent analytes may be included. and is required lor
quantitation.

Daily Calibration

At least every 24 hours. counting from the stan of th~ initial calibration. or from the stan {If (hI.:
last daily calibration. the retentitlD liml: "indo\\·" must be updated using the Individual mix :\B.
and the breakdown mix must be run IA:for..: the clmtinuing calibration.

• All samples that have a positi\ e hit I~,r a multicomponent must be run after and wilhin 2-l
hours of the standard that l:ontains that multil:ompont:nt. Th~ standard mix that contains this
multicomponcnt must ml.."t:t all th~ cali"rJtion l:ri(~ria.
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Table 8-9

Performance limits, four replicate initial demonstration of capability

Compound Initial demonstration, Initiaf demonstration,
mean recovery limits RSD limits

Aldrin 46-112 21
aJpha-BHC 51-122 24

beta-BRC 61-120 32
delta-BHC 49.5-118.5 36
gamma-BHC 57-116 23
Chlordane 44.8-108.6 20
4,4'-DDD 52-126 28
4,4'-DDE 46-120 27.5
4,4'-DDT 54-137 36
Dieldrin 42.5-124.5 38
Endosulfan 1 43-141 24.5

Endosulfan 11 78-171 61
Endosulfan Sulfate 62-132 27
Endrin 49-126 37

Heptachlor 57-100 20
Heptachlor Epoxide 43.5-131.5 25.4
Toxaphene 44.4-111.2 20
Aroelor 1016 + 1260 62.5-110 20

-.
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I. SCOPE AND APPLICATION
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This method is applicable to the gas chromatographic determination of Chlorinated
phenoxy acid herbicides in extracts prepared by SOP CORP-OP-OOOI. The herbicides
listed in Table C I are routinely analyzed. Other chlorinated acids may be analyzed by
this method if the quality control criteria in section 9 and the initial demonstration of
method performance in section 13 are met.

2. SUMMARY OF METHOD

This method presents conditions for the analysis of prepared extracts of phenoxy acid
herbicides by gas chromatography. The herbicides, as their methyl esters. are injected
onto the colW11l1, separated. and detected by electron capture detectors. Quantitation is by
the external standard method.

3. DEFINITIONS

Refer to the QAMP for definitions of terms used in this document.

4. INTERFERENCES

..1. 1. Refer to the method 8000A section of this SOP for general information regarding
chromatographic interferences.

4.2. Chlorinated acids and phenols cause the most direct interference Vvith this method.

4.3. Sulfur may interfere and may be removed by the procedure described in
SOP#CORP-OP-OOOI.

5. SAFETY

5.1. Refer to section :5 of the: Method 8000A SOP for general safety requirements.

6. EQUIPMENT AND SUPPLIES

6.1. Refer [0 Section 6 of the 8000A se:ction of this SOP.. A )\ii .. , electron capture
detector is required.

6.2. Refer to Tabk C~ for anal~ lical c\llumns.

6.3. Microsyringes. \'ariolls ~i/.c:s. lor standards preparation. sample inj~(tion. and
~.l(tracl".9i lution.
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7. REAGENTS AJ'1D STANDARDS

SOP No; CORP-GC-OOOINC
Revision No: 2.1
Revision Dale: 08/12196
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7.1. Refer to section 7 aCthe 8000A section of this SOP for general information on
reagents and standards.

7.2. Refer to Table C-3 and C-4 for details of calibration and other standards.

8. SAMPLE PREPARATION. PRESERVATION AJ'1D STORAGE

Refer to section 8 of the 8DOOA section of this SOP.

9. QUALITY CONTROL

9.1. Referto Section 9 of the 8000A section afthis SOP for quality control
requirements, including the initial demonstration of capability. definition of a
batch, surrogate limits, method blanks, laboratory control samples (LCS), and
matrix spikes (MS).

9.2. Refer to Tabk C-6 for minimum performance criteria for the initial demonstration
of capability.

9.3. Refer to Table C-5 for the components and levels of the LCS and MS mixes.

10. CALIBRATION A.lIiD STANDARDIZAnON

10.1. Refer to Section 10 of the 800DA section of this SOP for general calibration
requirements.

10.2. External standard calibration is used for this method.

10.3. The le\'eI3 calibration standard is used for th~ continuing calibration.

10.4. Refer to Table C'::?:. for d~tail$ of GC operating conditions.

11. PROCEDLRE

11.1. Refer to the m~thod 8000A s~ctitln of this SOP for procedural requir~ments.

11.2. b:lracti~)O

Th~ ..:xtractilm procedure i~ tb:l.:ribcu in S()P ::C()RP-OP-OOOI.
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11.3. Cleanup
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Revision No: 2.1
Revision Date: 08112196
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The alkaline hydrolysis and subsequent extraction of the basic solution described
in the extraction procedure provides an effective cleanup.

11.4. Analytical Sequence

The analytical sequence starts with an initial calibration of at least five points, or a
daily calibration that meets % difference criteria from an existing initial
calibration.

11.4.1. The daily calibration must be analyzed at least once every 24 hours
when samples are being analyzed. If there is a break. in the analytical
sequence of greater than 12 hours, then a new continuing calibration run
must be analyzed before proceeding with the sequence. If more than 24
hours have elapsed since the injection of the last sample in the analytical
sequence. a new analylical sequence must be started \\'ith a daily
calibration.

11.4.2. The daily calibration consists of mid level standards of all analytes of
interest. Retention {im~ windows must be updated \\'ith the daily
calibration.

11.4.3. After every 10 samples (induding LCS. method blank. and MS
samples), a continuing calibration is analyzed. The continuing
calibration consists of mid level standards of all analytes of interest. It is
not necessary but it is permissible to update retention time windows with
continuing calibrations.

11.5. Gas Chromatography

Chromatographic condition:, arelist~d in Table C-::!.

12. DATA ANALYSIS AND CALCVL.HIONS

[~.I. Refer to the 8000:'\ section \11' Ihis SC)P for identitication and quantitation of
single component analyh:s.

I~.2. The herbicides are anal~ zcd a... their methyl ester:,. out reported as the free acid.
For this reason it is n~'::l..'ssar~ hl (:\lrr":CI thl..' resuhsl'or the:- molecular weight orth~
ester versus the fn:e al..'iu. Thi .. i.; ~lChit::h:d through the:- concentrations ofth~
calibra~ion standards. r\)r ":.\~tinpl..: the 2()ug.!L calibration standard for 2.4-1)
contains 21.3 ug/l. lit the l11cth~ Il.'Sl..:r. \i(l further c(lrr..:ction is nr.:ccs:-'ary.
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13. METHOD PERFORMANCE
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13.1. Multiple laboratory performance data has not been published by the EPA for this
method. Table C-5 lists minimum performance standards required by Quanterra
for the four replicate initial demonstration or capability (required by Section 13.2
of the 8000A pan of this SOP) for this method. The spiking level should be
equivalent to a mid level calibration.

14. POLLUTION PREVENTION

This method does not contain any specific modifications that serve to minimize or
prevent pollution.

15. WASTE MANAGEMENT

Waste generated in this procedure will be segregated and disposed according to the
facility hazardous waste procedures. The Environmental Health and Safety Director
should be contacted if additional information is required.

16. REFERENCES

Method 8150B. SW-846. Update 11. September 1994
Method 8151, SW-846. Update 11, September 1994

17. MISCELLANEOUS

17.1. Modifications from Reference Method

Refer to the method 8000A section of this SOP for modifications from the
reference method.

17.2. Modifications from Previous Re.... ision

This procedure can now be applied (0 analysi~ based on method 815t A.

.'.
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17.3. Tables
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-..

Table Col

Standard Analyte list

Compound CAS Number Reporting Limit, ugIL or ug/kg
Aqueous Soil Waste

2,4-0 94-75-7 4 80 4000
2.4-06 94-82-6 4 80 4000
2,4,5-TP (Silvex) 93-72-1 1 20 1000
2,4,5-T 93-76-5 I 20 1000
Oalapon 75-99-0 2 40 2000
Dicamba 1918-00-9 2 40 2000
Dichloroprop 120-36-5 4 80 4000
Dinoseb 88-85-7 0.6 12 600
MCPA 94-74-6 400 8000 400.000
MCPP 93-65-2 400 8000 400.000

The following concentration factors are assumed in calculating the Reporting
Limits:

Extraction Vol. Final Vol. Dilution Factor
Ground "",-ater
Low-level Soil v.ithout GPC
High-level soil ,I waste

1000 mL
50 g
Ig

10mL
10 mL
10 mL

20
20
20

Specific reporting limits are highly matrix dependent. The reporting limits listed
above are provided for guidance onl~ and may not always be achievable. For
special projects. the extracts may tx: :lIlalyzed without any dilution. resulting in
reponing limits 20 times lower than th()~ in fable C-I.
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•

Table C-2

Instrumental Conditions

PARAMETER Recommended conditions

Injection pon temp 220°C

Detector temp 325°C

T<mperature program 80.2130/170,011/180,1

Column 1 DB·SMS or RTX 5 30xO.32, O.Sum

Column 2 DB-1701 or Rtx·1701

Injection 2uL

Carrier gas Heliwn I Hydrogen

Make up gas Nitrogen

Recommended conditions should result in resolution of all anaJytes listed in Table C-1.

-.
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Table C-3

Calibration Standards, free acid equivalent (metbyl ester)l nglmL

Compound Levell Level 2 Level 3 Level 4 Level 5 Level 6'

2,4-0 20 (21.3) 40 (42.5) 80 (85.1) 160(170) 320 (340) 640 (681)

2,4-0B 20 (21.1) 40 (42.2) 80 (84.5) 160 (169) 320 (338) 640 (676)

2,4,5-TP - C ?-) 10 (10.5) 20(21.1) 40(42.1) 80 (84) 160 (168);) )._J

[Silvex]

2.4,5-T -C?7) 10 (10.5) 20(21.1) 40 (42.2) 80 (84.4) 160 (169),) J._

Oalapon 10(11.0) 20 (22.0) 40 (43.9) 80 (87.8) 160(176) 320 (351)

Dicamba 10 (10.6) 20 (21.3) 40 (42.5) 80 (85.1 ) 160(170) 320 (340)

Dichloroprop 20 (21.2) 40 (42.4) 80 (84.8) 160(170) 320 (339) 640 (678)

Dinoseb 3(3.17) 6 (6.35) 12 (12.7) I"4 (25.4) 48 (50.8) 96 (102)

MCPA 2.000 4.000 8,000 16.000 32,000 64.000
(2.140) (4,280) (8,560) (17.100) (34000) (68,000)

MC?? 2.000 4.000 8,000 16.000 32,000 64,000
(2.120) (4.260) (8,520) ( 17.000) (34.100) (68.200)

2.4-0CAA 20 40 80 160 320 640
[SurrogateJ

'Th~ calibration standard solutions contain the herbicide~;.I$ th~ir methyl esters at the levels in
parentheses abo\'e. These levels are equivalent to the fre~ acid I~\'els also listed above. The
herbicides are reponed as the free acids.

: Le\"e\ 6 is optional

The reporting limits listed in Table C-l will be achieved \\ ith th...:St." calibration levels and a 20
fold dilution of the sample extract. Lower reponing limits can be achi~\·~d with lesser dilutions
Qf the: sumpl~ e:xtract.
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Table C-4
LCSlMatrix Spike and Surrogate Spike levels ugIL or ugfkg

Aqueous - Soil Waste
2,4-D 16 800 16000
Silvex 4 200 4000
2,4,5-T 4 200 4000
2,4-DB 16 800 16000
Dalapon 8 400 8000
DCAA (surrogate) 16 800 16000

, LCS_ MS and SS spikes are as the free acid.

Table C-5

Performance limits, four replicate initial demonstration of capability

Compound Initial demonstration. Initial demonstration.
mean recovery limits RSD limits

2.4-0 50-ISO 25

2.4-0B 50-ISO 7-.,
2.4.5-T? ISilvex) I 50-ISO 7--,
2.4.5-T 50-ISO 7-.,
Dalapon 50-150 ?-.,
Dicamba 50-150 ,-.,
Dichloroprop 50-ISO ,-.,
Dinosc:b 25-120 40

MC?A 50-ISO 25

MC?? I 50-150 ,-.,
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This SOP Appendix describes procedures to be used when SW-846 Method 8000A is
applied to the analysis of organochlorine pesticides and Aroclors (PCBs) by GCIECD.
This Appendix is to be applied when SW-846 Method 8081 is requested, and is
applicable to extracts derived from any matrix which are prepared according to the
appropriate Quanterra sample extraction SOPs. (CORP-OP-OODI)

Table D-l lists compounds which are routinely determined by this method and gives the
Reporting Limits CRL) for each matrix. RLs given are based on the low level standard
and the sample preparation concentration factors. Matrix interferences may result in
higher RLs than those listed.

2. SUMMARY OF METHOD

This method presents conditions for the analysis of prepared extracts of organochlorine
pesticides. The pesticides are injected ontO the colwnn and separated and detected by
electron capture detection. Quantitation is by the external standard method.

3. DEFINITIONS

Refer to the QAMP for definitions of terms used in this document.

4. INTERFERENCES

4.1. Refer to the method 8000A section of this SOP for infonnation regarding
chromatographic interferences.

4.2. Interferences in the GC analysis arise from many ~ompounds amenable to gas
chromatography that give a measurable respons~ on the electron capture detector.
Phthalate esters. which are common plasticizers. can pose a major problem in the
detenninations. Interferences from phthalat~ are minimized by avoiding contact
with any plastic materials.

·/..3. Sulfur ....... il1 int~rfere and can be removed using pTOi.:l:dur..:s dt:scribed in SOP
CORP-OP-OOOI.

-4A. Intert~rences co-extracted from samples \\ill \"ar~ ~on:,iderahl~ from source to
,,-\un:l.:" The presence of interferences may rJi~ qU<lmit<Jti\\fl limits tt\r indi\"idual
""-lmpJ..:s. S~cific ckam:ps ma~ be ~rform~ on th...: "ampk extracts. including
Ilnrisil d~anup (Method 3620). Gel P~rm~ation Chr\\Ol<ltograph~ l\l~thod 36-40).
and Sulfur clc:anup (Method 36601. Thes~ d~anlJr rn'~I.·Jlir..:S an~ induded in SOP
" n li{p.-Ol'-(JI)IJ I.
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5.1. Referto section 5 ofthe Method 8000A SOP for general safety requirements.

Arocloes have been classified as a potential carcinogen under OSHA.
Concentrated solutions ofAroclors must be handled with extreme care to avoid
excess exposure. Contaminated gloves and clothing must be removed
immediately_ Contaminated skin surfaces must be washed thoroughly.

6. EQUIP;I>IENT AND SUPPLIES

6.1. Refer to Section 6 oftbe 8000A section of this SOP. A 63Ni electron capture
detector is required.

6.2. Refer to Table 0-2 for analytical columns.

6.3. Microsyringes. various sizes, for standards preparation. sample injection. and
extract dilution.

7. REAGENTS AND STA.l'illARDS

7.1. Refer to the method SOOOA section of this SOP for general requirements for
reagenlS and supplies. All standards for this method must be replaced

7.'2. Refer to Table D-3 for details of calibration standards.

7.3. Surrogate Standards

Tetrachloro-m-xylene and decachlorobiphenyl are the surrogate standards. Other
surrogates may be used at client request. Refer to tables D-5. 0-6, and O·7 for
details of surrogate standards.

7A. Column Degradation Evaluation Mi:x

..\ mid-k\·el standard containing 4A'-DDT and Endrin and no! containing any of
tht:ir hn:akdown products must he prepared for e\·alui.ltioll l\f degradation of these
compounds hy the GC column and injection port. This mix mu:a be r~placed after
{m,-' ;I."ar. or \\·hen~Yer corrective action to columns faib to diminate the
roreakJII\\n of the compounds, whiche\"er is shorter. This snlutil\n alsll contains
th~ surrogates. Rder to Table 0-1 for d~tail::> ofthl." t.:l\lumn (kgraJatilln
1."\ .t1uatiun mix.

..
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8. SAMPLE COLLECTION, PRESERVATION AND STORAGE

Refer to Section 8 of the 8000A section of this SOP.

9. QUALITY CONTROL

Refer to Section 9 of the 8000A section of this SOP.

10. CALIBRATION AND STANDARDIZATION

10.1. Referto Section 10 of the 8000A section afthis SOP for general calibration
requirements.

10.2. External standard calibration is used for this method.

10.3. Refer to Table 0-2 for details ofGC operating conditions. The conditions listed
should result in resolution of all analytes listed in Table 0·1 on both columns.
Closely eluting pairs are DDE and Dieldrin on the Rtx-5 or OB-5 column and
Endosulfan II and DDD on the 1701 column.

10.4. Column Degradation Evaluation

Before any calibration runs. either initial or daily, the column e\"aluation mix must
be injected.. The degradation afDDT and endrin must ~ calculated (see
equations 9 and 10) and each shown to be less than 15% lx:for~ calibration can
proceed. This is only necessary if the target compound list includes DDT. Endrin.
or any of their degradation products.

If the breakdown of DDT and/or endrin exceeds the limits giv~n above. cOlTectiv~
action must be taken. This action may include:

• R~placemem ofthe injection port liner or the glass .... llOl.

• Cuning otT a portion of the injection end of a capilku: clilumn.

• Replacing the GC colwnn.

10.5. InitiJI Calibration

Rd~r ill S"'=I.:tion I0 of the 8oo0A section l)f !.his S()P tl)r J"'=[~lil.,; \,1' c::J.li~r.J.tion
pnll:l,.-Jun:s.

IlJ.~.1 Rde:r hi Table I)·8 lor the initial caJibmtiull ;..m:t1~ tll,.·~:i "'l,.'ljucncc.'.
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10.5.2. The response for each single-peak analyte will be calculated by the
external standard procedure described in the general method for GC
analysis.

10.5.3. The surrogate calibration cwve is calculated from the Individual AB mix
(or from the Aroclor 101611260 mix if the analysis is for acid cleaned
Aroclor only). Surrogates in the other calibration standards are used
only as retention time markers.

10.5.4. For multi-component pesticides and Aroclors:

T\vo options are possible for quantitation of multicomponent pesticides
and Aroclors. The same quantitation option must be used for standards and
samples.

10.5.4. I. Multiple peak option

Select 3-10 major peaks in the analyte panem. Calculate the
response using the total area or total height of these peaks.
Alternatively, find the response of each afthe 3-1 0 peaks per
multi-peak pesticide or ..l\roclor. and use these responses
independently, averaging the resultant concentrations found in
samples for a final concentration result. When using this option.
it is appropriate to remove peaks that appear to be coeluting \l;;th
contaminant peaks from the quamitation. (i.e. peaks which are
significantly larger than \vouId be expected from lhe rest of the
panern.)

10.5.4.2. Total area option
The total area of the standards and samples may be used for
quantitation of multicomponent analytes. Any surroga(~ or
extraneous peaks within the envelope must be subtracted from
the total area. This option should not be used if there art:
significant interference peaks within the multicomponenr panem
in the samples. The retention time windo\\" for (\ltal o.rea
measurement must contain at least 90% of the ar~a of the analvte.. .

10.55. For lTIultic()mponent analytes. the lov. level standard must ~ analyzed
as pan of the initial calibration. Ifmulticomponent anal; tl.,.':' arc pn:sent
i.lbtl\t: half the reporting limit in an; of the samples. thc:,c :'amrle:' must
he reanalyzed and 4uantitated against a \'alid fi\'c p\!int calibration
I unkss a 5 point calibrdtion fl)r multic.:omponenl v.as incluJcJ <1:' ran of

'. lhl.: initial calihratillfil.
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10.5.6. The analyst may include a fullS point calibration for any of the
multicomponent analytes with the initial calibration.

10.5.7. For Aroelor only analysis, a five poinl calibration of!he 101611260 mix
is generated with at least low level single points for the other Aroelor
mixes. If multicomponent analytes are present above half the reporting
limit in any of!he samples, !hese samples must be reanal}'zed and
quantitated against a valid five point calibration.

10.6. Daily Calibration Verification

The daily calibration verification must be analyzed within 12 hours of the start of
the initial calibration and at least once every 12 hours thereaner if samples are
being analyzed. If there is a break. in the analytical sequence of great~r than 12
hours. then a new continuing calibration run must be analyzed before proceeding
with the sequence. If more than 12 hours have elapsed since the injection of the
last sample in the anaJ)1ical sequence, a new analytical sequence must be staned
with a daily calibration.

10.6.1. At a minimum. the daily calibration includes analysis of the breakdown
mix followed. by mid level standards of any single component analytes.
(The individual mix AS and any additional single component analytes.)

10.6.2. if any multicomponent analytes are to be quantitated. then the daily
calibration must include mid level standards of the appropriate
multicomponems. For the Aroclors. it is adequate to \'erify calibration
with a mixture of.-uoclors 1016 and 1260. Howe\:er. ifany other
Aroclors are det¢cted the samples must be reinjected and bracketed with
daily calibration standards of (he appropriate Aroclor. If a specific
Aroclor is expected. it should be included in the daily calibration check.

10.6.3. If multicompon~ntanaJytes do not have a full five point initial
calihration or ar~ not included with the daily calibration. then any
multic.:omponem analytes found at greater than halfthr.: reporting limit
nllL'it ~ reanalyzed and quantitated against a fi\'e point. !'iole that. at a
minimum. all multicomponent analytes of interest must ha\·r.: a hm lC\'d
standard anal) zed as part of the initial calibration to ensur~ that th~

sl..'n"iti\ it~ oflhe instrument is sufticient for pattern n:wgnilion.
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10.6.4. Multicomponent analytes may be quantitated if there is a valid 5 point
initial calibration on the instrument for the multicomponent analyte and
a mid level standard of the multicomponent is analyzed within 12 hours
and prior to the sample. The mid level standard must meet the 15%
calibration criteria for quantitation.

10.6.5. The retention time windows for any analytes included in the daily
calibration are updated.

10.7. Continuing Calibration

The AB calibration mix is analyzed as the continuing calibration standard. This is
analyzed after every 20 samples, including matrix spikes, LCS, and method
blanks. (Depending on the type of samples. it may be advisable to analyze
continuing calibrations more frequently in order to minimize reruns.)The
continuing calibration standard need not include multicomponent analytes.

10.7.1. The level 3 calibration standard is used for the continuing calibration.

10.7.2. If only Aroclors are requested. the continuing calibration standard will
consist of the mid level 1016/1260 Aroclor standard ""ith the surrogates
added.

10.7.3. For method 8081. if the bracketing standard is out of control. all samples
injected after the last standard that met the continuing calibration criteria
must b~ re-injected.

I I. PROCEDURE

1.1.1. Refer to the method 8000A section of this SOP for general procedural
requirements.

1l.2. Extraction

The extraction proc~dllre is described in SOP No. CORP-OP·OOO I.

11.3. Cleanup

Cleanup rr(lcedu~s ar~ descrihed in SOP No. CORp·OP-OOOI.

ll.~. Suggcsllo:d ga...; chrumatogrdphic conditions arlo: giyen in Table D-~.

-.
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12. DATA ANALYSIS AND CALCULATIONS
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12.1. Refer to the 8000A section of this SOP for identification and quantitation of
single component analytes.

12.2. Identification of Multicomponent Analytes

Retention time y.indows are also used for identification of multi-componem
analytes, but the "fingerprint"" produced by major peaks of those compoWlds in
the standard is used in tandem with the retention times to identify the compounds.
The ratios of the areas of me major peaks are also taken into consideration.

Identification of these compounds may be made even if the retention times of the
peaks in the sample fall outside of the retention time 'Windows of the standard. if
in the analyst's judgment the fingerprint (retention time and peak ratios)
resembles the standard chromatogram.

12.2.1. The chromatogram is evaluated for technical chlordane if alpha and
gamma chlordane are present. If technical chlordane is present it must be
quantitated against a 5 point (echnical chlordane curve.

12.3. Quantitation of Multicomponent Analytes

Use 3-10 major peaks or total area for quantitation as described in s~ction 10.5.4.
initial calibrarion or multicomponenr analytes.

If the analyst belie\'es that a combination of Aroelor 1254 and 1260. (I[ a
combination of 1242. 1248 and 1232 is present, then only the predominant aroelor
is quantitated and r~ported. but the suspicion of multiple aroclors is discussed in
the narrati\·e. If\vell separated Aroclor panems are present. then both aroclors are
quantitated and rep<m~d.

12.3.1. Ifth~re ar~ no inrerfC:'ring peaks within the envelope of the
multicomponenr analyte. the (oral area of the standards and samples may
be used tor 4uantiration. Any surrogate or extraneous ~aks \\-ithin th~

eO\'dop~ must lX' subtracted from the total area.

I ~.4. Second column I.:l\r.firmalion of Aroclors and other multi-component analyt..:s will
(lOly be pertomll.:-J '.\ h~n :,..:qucsted by the client. because the appearancl..' of the
multiple peaks in rh.;;- 'ilmpk usually ser.:es as a confirmation of Awclor rn:scnc~.. .

1~.5. Surrogate rl..1,;ll\~r~ n:..ult:-. art.: cakulat~d and report~rJ lor dt:cachlnrllhirh..:n~I
I DC~,.·unks:-. it 1-' d":l..:rmin..:d that sample inrerf"c-rence has adn:-rsd~ :ln~(kd Ih..:
lluantitalilHl lit" thai -.urnlg:,!tc. ·I·~trachloro-m·~~ I~n~ (TC\IX I reCO\<.:'T: i:
r~port~d in li ..:u ",'I)('B ill samplcs ha\'ing thc imaldt:nl.:e. and als\\ llIJy h".. ll'\...:J
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in samples in which DeB recovery is low. Corrective action is only necessary if
DCB and TCMX are both outside of acceptance limits.

12.6. Calculation ofColwnn Degradation/% Breakdo"n ("loB)

Equation 17

DDT%B =
Am}/) + AVD£--==-="'--- x J00

AJ)/)/J + Aom: + A DDT

where:
ADDD, ADDE, and ADDT= the response of the peaks for 4,4'-DDD, 4,4'-DDE,

and 4.4'-00T in the column degradation evaluation mix.

Equation 18

Endrin %8 :::: _.'-A",,,·._+-,A=f~~,-- X 100

where:
AEK, A£A. and AE:IE the response of endrin ketone. endrin aldehyde. and endrin

in the column degradation evaluation mix.

13. METHOD PERFORMANCE

13.1. Perfonnance limits for the four replicate initial demonstration of capabilit)
required under S~ction 13.1 of the main body of this SOP are recovery of80
120% for standard analytes. These limits may not be achievable for certain
ana1ytes such as kepone and dichlone. The laboratory must develop intemal
performance limits for these analytes. The spiking level should be equi\'al~n! [0 a
mid level calibration.

1~. POLLUTION PR£VE:-<,ION

Refer to section I~ of th~ 8000A s~tion of this SOP.

15. WASTE MANAGEMENT

15.1. Wll$te genC'rat~d in thi:, procedure \vill be segregated and disposed aCCllrding [(I

th~ fa.cili[~ hazardous was[..: procedurt::s. The Environmental Health and S:..lt"..:{~

Oir~ctor shoulJ h..: COnlact..:d if additional infomlati(m is required.

16. R£FER£r-iCES
-.' ,....

S\\'8~6. lipdat..: II. S~pl<':l1lbl:r Il,q~. :v!ethoc! 8081
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17.1.1. The recommended limits of80-120% for the QC reference sample listed
in the reference method are not appropriate at the lower concentrations
detennined in this SOP. Historical limits will be used for LCS control.

17.1.1. Decachlorobiphenyl and tecrachloro-m-xylene are used as surrogates for
both the dual and single column methods.

17.2. Modifications from Previous Revisions

The 8081 procedure was added. to this revision.

'.
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Table D-I
Standard Analyte Jist and Reporting Limits

Reponing Limit., ugIL or ug/kg
Compound water soil waste

Aldrin 0.05 1.7 50
a-BHC 0.05 1.7 50
b-BHC 0.05 1.7 50
d-BHC 0.05 1.7 50
g-BHC (Lindane) 0.05 1.7 50
aChlordane (technical) 0.05 1.7 50
.,.chlordane (technical) 0.05 1.7 50
4.4'-DDD 0.05 1.7 50
4.4'-DDE 005 1.7 50
4.4'-DDT 0.05 1.7 50
Dieldrin 0.05 1.7 50
Endosulfan I 0.05 1.7 50
Endosulfan II 0.05 1.7 50
Endosulfan Sulfate 0.05 1.7 50
Endrin . 0.05 1.7 50
Endrin Aldehyde 0.05 1.7 50
Heptachlor 0.05 1.7 50
Heptachlor Epoxide 0.05 1.7 50
Methox.ychlor 0.1 3.3 100
Toxaphene 2.0 67 2000
Aroclor-l 0 16 1.0 33 1000
Aroclor-1221 1.0 " 100000

Aroclor-1232 1.0 " 100000

Aroclor 1242 1.0 " I 100000

Aroclor-1248 1.0 33 1000
Aroclor-1254 1.0 33 1000
Aroclor-1260 1.0 33 1000
APPENDIX IX ADD ON. I
Diallate I 1.0 33 1000
IsOOnn I 0.1 ' , 1000.0

Chlorobenzillate 0.1 3.3 100
K~pone 1.0 " 1000»
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The following concentration factors are asswned in calculating the Reponing
LimitS:

Ground \vater
Low-le\"el Soil
High-Ie\"el soil I waste

Extraction Vol.

1000 mL
30 g

I g

Final Vol.

IOmL
10mL
IOmL

Table 0-2

Parameter Recommended Conditions

Injection pon temp 220°C

Detector temp 325°C

Temperature program 70°C for O.5min. 3tYC/min to 1900C. 2.5°C/min to 225.
18°C/min to 280"C. 3 min hold

Column 1 DB-5 or Rtx-5 30m x O.32mm id. O.5~m

Column 2 OB-1701 orRrx 1701 30m x 0.32 mm id. O.25~m

Column 3 OB-608. 30m X 0.32 mm. 0.25J.lm

Injection 2JlL

Carrier gas Helium or Hydrogen

Make up gas Nitrogen

Y splitter Restek or J&W or Supdco glass tee
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Standards ma~ be spIn Into an A and B mL\ It r~s()lutlon at all compounds on both Cl)!umns I~

nul obtained.
~ L~\·el 6 is optional and should onl~ be us~J irlin~arilY can be maintained on the inslrum~nt to
lhis 1l."\ .... 1. .

Table 0-3
Calibration Levels ng/mL

I Level I I Level 2 I Level 3 I Level 4 I Level 5 I Level 6-
Individual Mix All
Aldrin 5 10 25 50 100 200
g-BHC (Lindane) 5 10 ?- 50 100 200-,
Heptachlor 5 10 25 50 100 200
Methoxychlor 10 20 50 100 200 400
Dieldrin 5 10 25 50 100 200
Endosulfan I 5 10 25 50 100 200
Endosulfan II 5 10 25 50 100 200
4,4'-DDT 5 10 25 50 100 200
Endrin Aldehyde 5 10 ?- 50 100 200-,
Endrin Ketone 5 10 25 50 100 200
b-BHC 5 10 ?- 50 100 200.,
d-BHC 5 10 ?- 50 100 200-,
a-BHC 5 10 ?- 50 100 200.,
4.4'-DDD 5 10 ?- 50 100 200.,
4,4'-DDE 5 10 25 50 100 200
Endosulfan Sulfate 5 10 25 50 100 200
Endrin 5 10 ?- 50 100 200.,
a-Chlordane 5 10 ? - 50 100 200.,
g-Chlordane 5 10 ?- 50 100 200.,
Multicomponent Standards
Chlordane (TechnicaJ) 50 100 250 500 1000 2000
Toxaphene 200 -100 1000 2000 4000 8000
.<\roclor 101611260 100 200 500 1000 2000 4000
Aroclor 1242 100 200 500 1000 2000 4000
Aroclor 1221 +1254 100 ~OO 500 1000 2000 4000
Aroclor 1232 100 ~OO 500 1000 2000 4000
Aroclor 1248 100 I 200 1500 1000 2000 4000
Surrogates are included with all the calibratillfi mi\.l!s at the following levels:

Tetrachloro-m-xylene 5 10 I ,- 50 100 200.,
Decachlorobiphenyl 5 10 I ~5 50 100 200
, . . . -

-.
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Table D-4
Column Degradation Evaluation Mix ng/mL

Component Concentration

4,4'-DDT y.,
Endrin ,--,
Tetrachloro-m-xylene (Surrogate) 20
Decachlorobiphenyl (Surrogate) 20

Table D·5
LCSlMatnx Spike and Surrogate Spike levels ugfL or uglkg

Aqueous Soil Waste
gamma BHC (Lindane) 0.20 6.67 200
Aldrin 0.20 6.67 200
Heptachlor 0.20 6.67 200
Dieldrin 0.50 16.7 500
Endrin 0.50 16.7 500
4,4'DDT 0.50 16.7 500
Tetrachloro·m-xylene (Surrogate) 0.20 6.67 200
Decachlorobiphenyl (Surrogate) 0.20 6.67 200

Table D~
lCS/Matrix Spike and Surrogate Spike levels for Aroclor analysis with Acid Cleanup

ugIL or uglkg
Aqueous Soil Waste

Aroclor 10161260 10 333 10.000
T~trachloro-m-:<ylene (Surrogate) 0.20 6.67 200
O~cachlorobiphenyl (Surrogate) 0.20 6.67 200

Table D-7
LCSMatrix Spike and Surrogate Spike levels for TClP ug/l or uglkg

Aqueous \\·aste

H~ptal:hll'r 5 500
LinJanc 5 500
Endrin 5 500
\I~lhl':'\ychll)r 10 11)00

"
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Table D-8
Suggested Analytical Sequence

Mid level (Continuing calibration)

All levels
Level II
Level }1

Level I'
Level }1

Level 11
Level II
Level )1

36
etc

Initial Calibration
Injection #
I Solvent blank (optional)
2 Breakdown Mix

Individual mix AB
Aroclor J01611260
Arodor 1232
Aroclor J242
Aroclor 1248
Aroclor 1221/1254
Technical Chlordane
Toxaphene
Solvent blank
Sample 1-20
Solvent blank (optional)
Individual mix AB
Samples
After 24 hours:
Breakdown mix
Individual mix AB
Any other single component analytes
Any multicomponent analytes for quantitation

3-7
8
9
10
11
12
13
14
15
16-35

I A five point curve for any of the multicomponent analytes may be included. and is required for
quantitation.

Daily Calibration

At least every 12 hours. counting from the stan of the initial cali~ra[il)n. or from the start of the
last daily calibration. the retention time windows must be upda{~J using the Individual mix AB.
and the hreakdo",..n mix must be run before the continuing calihrarit\n.

• :\11 samples that ha\'e a positi\"\~ hit for a multicomponent mtl~t he run after and \.... ithin 24
hours l\f the standard that contains that multicomponent. The ,..;tanJard mix thai contains thi5
multicomptmcnt must meet all the calibration criteria,
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1.1. This procedure describes the preparation and analysis of mercury (Hg, CAS # 7439
97-6) by Cold Vapor Atomic Absorption Spectroscopy (CVAA) using SW-846
Method 7471A and MCAWW Method 245.5.

1.2. CVAA analysis provides for the determination oflotal mercury (qrganic and
inorganic). The combination of the oxidants. potassium permanganate and potassium
persulfate, bas been found to give 100010 recovery with both types ofcompounds.
Detection limits, sensitivity and optimum concentration ranges for mercury analysis
will vary with the matrices, instrumentation and volume of sample used.

1.3. Methods 7471A and 245.5 are applicable to the preparation and analysis of mercury
in soils, sediments, bonom deposits and sludge-type materials. All matrices require
sample preparation prior to analysis.

1.4. The Quanterra reponing limit for mercury in solid matrices is 0.1 mglkg based a 0.2 g
sample aliquot (wet weight).

2. SUMMARY OF METHOD

2.1. This SOP describes a technique for the determination of mercwy in solution. The
procedure is a physical method based on the absorption ofradiation at 253.7 run by
mercury vapor. A representative portion of the sample is digested in sulfuric and
nitric acids. Organic mercury compounds are oxidize4 with potassium permanganate
and potassium persulfate and the mercury reduced to its elemental state with stannous
chloride and aerated from solution in a closed system. The mercury vapor passes
through a cell positioned in the light path of an atomic absorption spectrophotometer.
Absorbance is measured as a function of mercury concentration. Concentration of
the analyte in the sample is determined by comparison of the sample absorbance to
the calibration cwve (absorbance \.'s. concentration).

3. DEFINITIONS

3.1. Total Metals: The concentration determined on an unfiltered sample following
digestion.

4. INTERFERENCES

' ..
Chemical and physical interferences may be encountered when analyzing samples using this
m~thod.
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4.1. Potassium perrnanganate which is used to breakdown organic mercury compounds
also eliminates possible interferences from sulfide. Concentrations as high as 20 mg/L
ofsulfide as sodium sulfide do not interfere with the recovery of inorganic mercury
from reagent water.

4.2. Copper has also been reported to interfere; however, copper concentrations as high as
10 mg/L had no effect on the recovery of mercury from spiked samples.

4.3. Chlorides can cause a positive interference. Samples high in chlorides require
additional perrnanganate (as much as 25 mL) because, during the oxidation step,
chlorides are converted to free chlorine, which also absorbs radiation at 253.7 run.
Care must be taken to ensure that free chlorine is absent before the mercury is reduced
and swept into the cell. This is accomplished by adding excess hydroxylamine
reagent (25 mL) and purging the sample headspace before stannous chloride is added.
Both inorganic and organic mercury spikes have been quantitatively recovered from
seawater using this technique.

Note: Sufficient addition ofpermanganate is apparent when the purple color persists
at least 15 minutes. Some samples may require dilution prior to digestion due
to extremely high concentrations of chloride.

4.4. Interference from certain volatile organic materials that absorb at this wavelength
may also occur. If suspected, a preliminary run without stannous chloride can
determine if this type of interference is present. While the possibility ofabsorption
from certain organic substances present in the sample does exist, this problem is not
routinely encountered. This is mentioned only to caution the analyst ofthe
possibility. If this condition is found to exist, the mercury concentration in the
sample can be determined by subtracting the result of the sample run without the
reducing reagent (stannous chloride) from that obtained with the reducing reagent..

4.5. Samples containing high concentrations ofoxidizable organic materials, as evidenced
by high COD levels, may not be completely oxidized by this procedure. When this
occurs the recovery of mercury will be low. The problem can be eliminat~d by
reducing the volume of original sample used.

4.6. The most common interference is laboratory contamination which may arise from
impure reagents. dirty glassware, improper sample transfers, ~irty work areas. etc. Be
aware of potential sources of contamination and take appropriate measures to
minimize or avoid them.
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5.1. Procedures shall be carried out in a manner that protects the health and safety of all
Quanterra associates.

5.2. Eye protection that satisfies ANSI 287.1 (as per the Chemical Hygiene Plan),
laboratory coat, and appropriate gloves must be worn while samples, standards,
solvents, and reagents are being handled. Disposable gloves that have been
contaminated will be removed and discarded; other gloves will be cleaned
immediately.

5.3. The health and safety hazards of many of the chemicals used in this procedure have
not been fully defined. Additional health and safety information can be obtained from
the Material Safety Data Sheets (MSDS) maintained in the laboratory. The following
specific hazards are known:

5.3.1. The following materials are known to be corrosive:

hydrochloric acid, nitric acid and sulfuric acid.

5.3.2. The following materials are known to be oxidizing agents:

nitric acid, potassium permanganate. potassium persulfate and magnesium
perchlorate.

5.3.3. Mercury is a highly toxic element that must be handled with care. The analyst
must be aware of the handling and clean-up techniques before working with
mercury. Since mercury vapor is loxic. precaution must be taken to avoid its
inhalation. ingestion or absorption through skin. All lines should be checked
for leakage and the mercury vapor must be vented into a hood or passed
through a mercury absorbing media such as:

5.3.3.1. Equal volumes of 0.1 M KMnO, and 10% H,SO,. or

5.3.3.2. Iodine. 0.25%. in a 3% Kl soIulion.

5.3.4. Magnesium sulfate is known to be a reproduclive to~in (mutagen).

5A. Exposure to chemicals must be maintained as low as reasonably achievable.
There(ore. unless they are known to be non-hazardous. all samples should be opened.
transferred and prepared in a fume hoo<t or under other means of mechanical
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ventilation. Solvent and waste containers will be kept closed unless transfers are
being made.

5.5. The preparation of standards and reagents will be conducted in a fume hood with the
sash closed as far as the operation will permit.

5.6. All work must be stopped in the event of a known or potential compromise to the
health and safety of a Quanterra associate. The situation must be reported
immediately to a laboratory supervisor.

5.7. Do not look directly into the beam of the Hg lamp. The UV light that these lamps
radiate is harmful to the eyes.

5.8. Cylinders of compressed gas must be handled \\ith caution, in accordance with local
regulations. It is recommended that, wherever possible. cylinders be located outside
the laboratory and the gas led to the instrument through approved lines.

5.9. The CVAA appararus must be properly vented to remove potentially harmful fumes
generated during sample analysis.

6. EQUIPMENT AND SUPPLIES

6.1. Temperature controlled water bath (capable of maintaining temperature of 90- 95°C).

6.2. Atomic Absorption Spectrophotometer equipped 'with:

6.2.1. Absorption Cell v.ith quartz end v.indows perpendicular to the longitudinal
axis. Dimensions of the cell must result in sufficient sensitivi£y to meet the
SOP defined reponing limiL The quartz windows must be maintained to
provide accurate measurements. Any scratches or fingerprints can alter the
absorption of UV radiation.

6.2.2. Mercury specific hollow cathode lamp (HCl) or electrodeless discharge lamp
(EDl).

6.2.3. Peristaltic pump which can deliver 1 L'min air.

6.2.4. Flowmeter capable of measuring an airtlow of 1 Llmin.

6.2.5 .. Recorder or Printer.
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6.2.6. Aeration Tubing: A straight glass fut having a course porosity and Tygon
tubing is used for the transfer of mercury vapor fro~. the sample bottle to the
absorption cell and tenon.

6.2.7. Drying device (a drying lUbe containing magnesium per<:hlorare or
magnesium sulfate and/or a lamp with a 60 W bulb) to prevent condensation
in cell. The lamp is positioned to shine on the absorption cell maintaining the
air temperarnre in the cell about 10°C above room tempeI'?ture. Other drying
devices that acheive the same purpose are also acceptable (Le., Gortex filter).

Note: Instruments designed specifically for the measurement of mercury using the
cold vapor technique may be substituted for the atomic absorption
spectrophotometer.

6.3. BOD bottles or equivalent.

6.4. Nitrogen or argon gas supply, welding grade or equivalent.

6.5. Calibrated automatic pipettes or Class A glass volwnetric pipettes.

6.6. Class A volumemc flasks.

6.7. Top-loading balance. capable of reading up to two decimal places.

6.8. Thermometer (capable of accurate readings at 95°C).

6.9. Disposable cups or rubes.

7. REAGEI'....rS AND STANDARDS

7.1. Reagent water must be produced by a Millipore 01 system or equivalent. Reagent
water must be free of the analytes of interest as demonstrated through the analysis of
method blanks.

7.2. Stock (1000 ppm) mer<:ury standards (in 10% HNO,) are purchased as custom
Quanterra solutions. All standards must be stored in FEP fluorocarbon or previously
unused polyethylene or polypropylene bonks. Stock standard solutions must be
replaced prior to the expiration date provided by the manufacturer. If no expiration
date is provided. the stock solutions may be used for up to one yeN and must be
replaced sooner if verification from an independent source indicates a problem.
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7.3. Intennediate mercury standard (10 ppm): Take I mL ofthe stock mercury standard
(7.2) and dilute to 100 mL with reagent water. The intermediate standard must be
made monthly and must be prepared in a matrix of2% HNO,. This acid (2 mL of
conceotrated HNO,) must be added to the flasklbonle before the addition of the stock
standard aliquot.

7.4. Working mercury standard (0.1 ppm): Take 1 mL of the intermediate mercury
standard (7.3) and dilute to 100 mL with reagent water. The wor!\ing mercury
standard must be made daily and must be prepared in a matrix of 0.15% HNO,. This
acid (150 uL of concentrated HNO,) must be added to the flasklbonle before the
addition of the stock standard aliquot.

7.5. The calibration standards must be prepared fresh daily from the working standard
(7.4) by transferring 0,0.2,0.5, 1.0,2.0,5.0 and 10.0 mL aliquots of the working
mercury standard into sample prep bonles and proceeding as specified in Section 11.1

Note: Alternate approaches to standard preparation may be taken and alternate
volumes of standard may be prepared as long as the accuracy and final
standard concentrations as detailed in Table I are maintained. For example,
automated mercury systems do not require 100 mL of standard and therefore
smaller volumes may be generated to reduce waste generation.

7.6. The initial calibration verification standard must be made from a different stock
solution than that of the calibration standards.

7.7. Refer to Table 1 (Appendix A) for details regarding the working standard
concentrations for calibration, calibration verification and spiking solutions. All
standards must be processed through the entire analytical procedure including sample
preparation.

7.8. Nitric acid (HNO l ), concentrated, trace metal grade or bener.

Note: If a high reagent blank is obtain~d. it may be necessary to distill the nitric acid.

7.9. Sulfuric acid (H2S0~). concentrated. trace metal grad~ or bener.

7.9.1. Sulfuric acid, 0.5 N: Dilute 14.0 mL of concentrated H,SO, to I liter with
reagent water.

7.10. Hydros;hloric acid (Hel), concentrated. trace metal grade or bener.
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7.11. Aqua Regia: Prepare immediately before use by carefully adding three volumes of
concentrated HeI to one volume of concentrated HN03•

7.12. Stannous sulfate solution: Add 25 g of stannous sulfate to 250 mL of 0.5 N sulfuric
acid. This mixture is a suspension and should appear cloudy. This solution should be
made daily and should be stirred continuously during use.

Note: Stannous chloride may be used in place of starmous sulfat~. Prepare the
stannous chloride solution according to the recommendations provided by the
instrument manufacturer.

7.13. Sodium chloride-hydroxylamine hydrochloride solution: Add 12 g of sodium
chloride and 12 g ofhydroxylantine hydrochloride to every 100 mL of reagent water.

Note: Hydroxylamine sulfate may be used in place of hydroxylamine hydrochloride.

7.14. Potassium permanganate. 5% solution (w/v): Dissolve 5 g of potassium
pennanganate for every 100 mL of reagent water.

7.15. Potassium persulfate, 5% solution (w/v): Dissolve 5 g of potassium persulfate for
every 100 mL of reagent water.

8. SAMPLE COLLEcnON, PRESERVATION AND STORAGE

8.1. Sample holding time for mercury is 28 days from time of collection to the time of
sample analysis.

8.2. Soil samples do not require preservation but must be stored at 4° C ± 2° C until the
time of analysis.

9. QUALITY CONTROL

Table II (Appendix A) provides a summary of quality control requirements including
type. frequency, acceptance criteria and correcti ....e action.

9.1. Initial Demonstration of Capability

Prior to the analysis of any analyte using 7471A or the 2-t5.5 .. lhe foUov.-ing
requirements must be met.

9.1.1. - Method Detection Limit (MOL) - An MOl. must be detennined for each
analyte/matrix prior to the analysis of any :-,amples. Tht: MDL is detennined
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using seven replicates ofreagent water. spiked with all the analytes of interest,
that have been carried through the entire analytical procedure. MDLs must be
redetetmined on an annual basis in accordance with 40 CFR Part 136
Appendix B requirements. The spike level must be between the calculated
MDL and lOX the MDL to be valid. The result of the MDL determination
must be below the Quanterra reporting limit.

9.1.2. Initial Demonstration Study - This requires the analysis of four QC check
samples. The QC check sample is a well characterized laboratory generated
sample used to monitor method performance. The results of the initial
demonstration study must be acceptable before analysis of samples may begin.

9.1.2.1. Four aliquots of the check sample (LCS) are prepared and analyzed
using the procedures detailed in this SOP and the determinative
SOPs.

9.2. Preparation Batch - A group of up to 20 samples that are afthe same matrix and are
processed together using the same procedures and reagents. The preparation batch

. must contain a method blank, a LCS and a matrix spike/matrix spike duplicate. In
some cases, at client request, it may be appropriate to process a matrix spike and
sample duplicate in place of the MSIMSD. If clients specify specific samples for
MSIMSD, the batch may contain multiple MSIMSD pairs.

9.3. Sample Count- Laboratory generated QC samples (method blanks, LCS) are not
included in the sample count for determining the size of a preparation batch.
MSIMSD are not included in the sample count unless there are multiple sets of
MSIMSD per batch. In other words. the first MSIMSD are not counted; all additional
MS and MSDs are counted as samples.

9.4. Method Blank (MB) - One method blank must be processed with each preparation
batch. The method blank consists of reagent water containing all reagents specific to
the method that is carried through the entire anal:1ical procedure, including
preparation and analysis. The method blank is used to identify any system and
process interferences or contamination of the analytical system that may lead to the
reporting of elevated analyte concentrations or false positive data The method blank
should not contain any analyte of interest at or abo....e lhe reponing or at or above 5%
of the measured concentration of that analyte in associated samples. whichever is
higher (sample result must be a minimum of 20 [im~s higher than the blank
contamination level).
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• Repreparation and reanalysis of all samples associated with an unacceptable
method blank is required when reportable concentratio~ are detennined in the
samples (see exception noted above).

• If there is no analyte greater than the RL in the samples associated with an
unacceptable method blank, the data may be reported with qualifiers. Such
action must be taken in consultation with the client and must be addressed in
the project narrative.

• If the above criteria are Dot met and reanalysis is not possible, then the sample
data must be qualified. This anomaly must be addressed in the project
narrative and the client must be notified.

9.5. Laboratory Control Sample (LCS) - One aqueous LCS must be processed ",ith each
preparation batch. The LCS is used to monitor the accuracy of the analytical process.
On-going monitoring afthe LCS results provides evidence that the laboratory is
perfonning the method within acceptable accuracy and precision guidelines. The LCS
must be carried through the entire analytical procedure. The CCV results can be
reported as the LCS results since all CCVs (as well as all other standards) are
processed through the sample preparation step with the field samples. No more than
20 samples can be associated. with one CCV used for the purpose of reporting LCS
data.

• If the LCS is outside established control limits the system is out of control and
corrective action must occur. Until in-house control limits are established, a
control limit of80 - 120% recovery must be applied.

• In the instance where the LCS recovery is> 120% and the sample results are <
RL, the data may be reported with qualifiers. Such action must be taken in
consultation with the client and must be addressed in the case narrative."

• In the event that an MSIMSD analysis is not possible. a Laboratory Control
Sample Duplicate (LCSD) must be analyzed. The RPD of the LCS and LCSD
must be compared to the matrix spike RPD limits.

• Corrective action will be repreparation and reanalysis of the hatch unless the
client agrees that other corrective action is aCl.:eptahle.

9.6. Matrix Spike/Maoix Spike Duplicate (MSIMSDl - One MSIMSD pair must be
processed for each preparation balch. A matrix spik~ (\15) is a field sample to which
kno\~n 9pncentrations of target analytes have been added. A matrix spike duplicate
(MSDfis a second aliquot of the same sample (spiked id~nticall'j as the MS I prepared
and analyzed along with the sample and matrix spike. S(lm~ client SlXcific data
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quality objectives (DQO's) may require the use of sample duplicates in place of or in
addition to MSIMSD's. The MSIMSD results are used to determine the effect of a
matrix on the precision and accuracy ofthe anal)'1ical process. Due to the potential
variability oftbe matrix ofeach sample. these results may have immediate bearing
only on the specific sample spiked. Samples identified as field blanks cannot be used
for MSIMSD analysis. Spiking levels are provided in Table I (Appendix A).

• If analyte recovery or RPD falls outside the acceptance rapge, the recovery of
that analyte must be in control for the LCS. Until in-house control limits are
established, a control limit of?5 - 125 % recovery and 20% RPD must be
applied to the MSIMSD. If the LCS recovery is within limits, then the
laboratory operation is in control and the results may be accepted. If the
recovery afthe LCS is outside limits, corrective action must be taken.
Corrective action will include repreparation and reanalysis of the batch.
MSIMSD results which fall outside the control limits must be addressed in the
narrative.

• If the native analyte concentration in the MSI?v1SD exceeds 4 times the spike
level for that analyte, the recovery data are reponed as NC (Le., not
calculated). If the reponing software does not have the ability to report NC
then the actual recovery must be reponed and narrated as follows: "'Results
outside of limits do not necessarily reflect poor method perfonnance in the
matrix due to high analyte concentrations in the sample relative to the spike
level.'"'

• If an MSIMSD is not possible due to limited sample volume, the"n a laboratory
control sample duplicate (LCSD) should be analyzed. The RPD of the LCS
and LCSD must be compared to the matrix spike RPD limits.

9.7. Initial Calibration Verification (lCVnCB) - Calibration accuracy is verified by
analyzing a second source standard (lCV). The ICV result must fall within ]()% of
the true value for that solution. An ICB is analyzed immediately following the ICV
to monitor lov.: level accuracy and system cleanliness. The lCB result must fall
within +1- the reporting limit (RL) from zero. Ifeither the ICV or leB fail to meet
criteria, the analysis should be tenninated, the problem corrected and the instrument
recalibrated. (See Section 11.2.10 and Section 11.2.11 for required run sequence). If
the cause afthe ICV or IeB failure "'<is not directly instrument related the corrective
action ""ill include repreparation of the associated samples..

9.8. Continuim! Calibration Verification (eCV/CeB) - Calibration accuracy is monitored· ..... -
throughout the analytical run through the analysis of a kno\o\ll standard after every 10
sampl~s. The cev must be a mid-range standard at a concentration other than that of
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the ICV. The CCV result must fall within 20% of the true value for that solution. A
CCB is analyzed immediately following each CCV. (See S~tion 11.2.10 and 11.2.11
for required run sequence.) The CCB result must fall within +1- RL from zero. Each
CCV and CCB analyzed must reflect the conditions of analysis of all associated
samples. Sample results may only be reponed when bracketed by valid ICV/CCV
and ICB/CCB pairs. If a mid-run CCV or CCB fails, the analysis must be tenninated,
the problem corrected, the instrument recalibrated, the calibration verified and the
affected samples reanalyzed. If the cause of the CCV or CCB failure was not directly
instrument related the corrective action will include repreparation afthe associated
samples.

9.9. Method of Standard Addition (MSA) -This technique involves adding known
amounts of standard to one or more aliquots of the sample prior to preparation. TIlls
technique compensates for a sample interferent that may enhance or depress the
analyte signal, thus producing a different slope from that of the calibration standards.
It will not correct for additive interferences which cause a baseline shift. Refer to
Section 11.2.12 for additional information on when full 4 point MSA is required as
well as Appendix C for specific MSA requirements.

10. CALIBRAnON AND STANDARDlZAnON

10.1. Calibration standards must be processed through the preparation procedure as
described in Section 11.1.

10.2. Due to the differences in preparation protocols separate calibration and calibration
verification standards must be prepared for aqueous anc;i solid matrices.

10.3. Calibration must be performed daily (every 24 hours) and each time the instrument is
set up. The instrument calibration date and time must be included in the raw data.

lOA. Set up lhe instnnnent with the operating parameters recommended by the
manufacturer. Allow the instrument 10 become thermally stable before beginning
calibration (approximately 30 minutes ofwann-up is required). Refer to the facility
specific instrument SOP and CVAA instrument manual for detailed setup and
openltion protocols.

10.5. Calibrate the instrument according to instrument manufacturer":; instructions. using a
minimum of ti\."e standards and a blank. One standard must be at the Quanterra
reponing limit. Analyze standards in ascending order beginning with the blank. Refer
b.> Set:tfon 7.5 and Table I for additional information on preparing calibration
standards and calibration levels.
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10.6. The calibration curve must have a correlation coefficient of~.995 or the instnunent
shall be stopped and recalibrated prior to running samples. ··Sample results can not be
reported from a curve v.ith an unacceptable correlation coefficient.

10.7. Refer to Section 9.0 for calibration verification procedures. acceptance criteria and
corrective actions.

II. PROCEDURE

11.1. Standard and Sample Preparation:

11.1.1. All calibration and calibration verification standards (ICV, ICB, CCV,
CCB) are processed through the digestion procedure as well as the field
samples.

11.1.2. Transfer 0,0.2,0.5,1.0,2.0,5.0 and 10.0 mL aliquots of the working
standard (7.5) into a series of sample digestion bonles.

Note: Alternate volumes of standard may be prepared as long as the
accuracy and final standard concentrations as detailed in Table I
are maintained.

11.1.3. Add reagent water to each standard bottle to make a total volume of 10 mL.
Continue preparation as described under 11.1.5 or 11.1.6 below.

11.1.4. Transfer triplicate 0.2 g portions of a well mixed sample into a clean sample
digestion bonle. Continue preparation as described under 11.2.2 or 11.2.3
below.

11.1.5. Water Bath protocol:

11.1.5.1. To each staodard bottle: Add 5 mL of aqua regia.
To each sample bonle: Add 10 mL of reagent water and 5 mL

of aqua regia.

11.1.5.::!. Heat for 2 minutes in a water bath at 90 _95 0 C.

11.1.5.3. Cool.

/"" 11.1.5.4. Add ~o mL of distilled water.

11.1.5.5. Add 15 mL of potassium permanganate solutilm.
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11.1.5.6. Heat for 30 minutes in the water bath at 90 - 95°C.

11.1.5.7. Cool.

11.1.5.8. Add 6 mL of sodium chloride-hydroxylamine sulfate solution to
reduce the excess pennanganate.

11.1.5.9. To each standard bonle: Add 50 mL of reagent water.
To each sample bottle: Add 50 mL of reagent water.

11.1.5.10. Continue as described under Section 11.2.

11 .2. Satnple Analysis:

11.2.1. Because of differences between various makes and models arevAA
instrumentation, no detailed operating instructions can be provided. Refer to
the facility specific instrument operating SOP and the CVAA instrument
manual for detailed setup and operation protocols.

11.2.2. All labs are required to detail the conditions/programs utilized for each
instrument within the facility specific instrument operation SOP.

11.2.3. Manual determination:

11.2.3.1. Treating each sample individually, purge the head space of the
sample bottle for at least one minute.

11.2.3.2. Add 5 mL of stannous chloride solution and immediately attach
the bottle to the aeration apparatus.

11.2.3.3. Allow the sample to stand quietly without manual agitation while
the sample is aerated (I Umin flow). Monitor the sample
absorbance during aeration. When the absorbance reaches a
ma'(imwn and the signal levels off, open the bypass valve and
conlinue aeration until the absorbance returns to its baseline level.
Close the bypass valve and remove the aeration dc: .... ice.

11.2.3A. Place the aeration device into 100 mLs of 11% H~(), and allow to
bubble rinse until the next sample is analyzed.
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11.2.4. Automated determination: Follow instructions provided by instnunent
manufacturer.

11.2.5. Perform a linear regression analysis of the calibration standards by plotting
maximum response afthe standards vs. ug ofmercwy. Determine the
mercury concentration in the samples from the linear regression fit of the
calibration curve. Calibration using computer or calculation based
regression curve fitting techniques on concentration/resP.Qnse data is
acceptable.

11.2.6. All measurements must fall within the defined calibration range to be valid...
Dilute and reanalyze all samples for anaIytes that exceed the highest
calibration standard.

11.2.7. If the sample results are negative and the absolute value afthe negative
result is greater than the reporting limit., the sample must be diluted and
reanalyzed.

11.2.8. The samples must be allowed to cool to room temperature prior to analysis
or a decrease in the response signal can occur.

11.2.9. Baseline correction is acceptable as long as it is performed. after every
sample or after the CCV and CCB; resloping is acceptable as long as it is
immediately preceded and followed by a compliant CCV and CCB.

11.2.10. The following analytical sequence must be used with 7471A and 245.5:

Instnunent Calibration
lCV
ICB
Ma~imum 10 samples
CCV
CCB
Repeat sequence of 10 samples between ccv/ces pairs as required to
complete run
CCV
CCB

, Rder to Quality Control Section 9.0 and Table II (Appendi, A) for quality
'. control criteria to apply to Methods 7471A and 245.5.
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Note: Samples include the method blank, LCS, MS, MSD, duplicate, field
samples and sample dilutions.

11.2.11. The following run sequence is consistent with 7471A, CLP and 245.5 and
may be used as an alternate to the sequence in 11.2.10. This run sequence
is recommended ifmultiple method requirements must be accommodated
in one analytical nm:

Instrument Calibration
ICV
ICB
CRA'
CCV
CCB
10 samples
CCV
CCB
Repeat sequence of 10 samples between CCV/CCB pairs as required to

complete run.
CCV
CCB

Refer to the appropriate CLP SOP (CORP-MT-0008) for quality control
requirements for QC samples.

* Refer to the. CLP SOP for information on t!le eRA.

11.2.12. For TCLP samples, full four point MSA will be required if all of the
follo"';ng conditions are met:

I) recovery afthe analyte in the matrix spike is not at least 50%.

2) the concentration afthe analyte does not exceed the regulatory le':el.
and.

3) the concemration of the analyte is within 200,fo of the regula{Q~ le\"e1.

Appendix E provides guidance on performing MS.A: analyses. For TCLP
mercur:" detenninations. MSA spikes must be added prior to sam~
preparation.

'.

11.3. To facilitate the ~rly id~ntification ofQC failures and samples requiring r~run it is
strongly recomm~nd~d that sample data be reviewed periodically throughout the run.
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11.4. Guidelines are provided in the appendices on procedures to minimize contamination
of samples and standards, preventive maintenance and troubleshooting.

11.5. One time procedural variations are allowed only if deemed necessary in the
professional judgment of supervision to accommodate variation in sample matrix,
radioactivity. chemistty. sample size, or other parameters. Any variation in procedwe
shall be completely docwnented using a Nonconformance Memo and is approved by
a Technical Specialist and QA Manager. Ifcontractually required, the client shall be
notified. The Nonconformance Memo shall be filed in the project file.

11.6. Any unauthorized deviations from this procedure must also be docwnented as a
nonconformance, with a cause and corrective action described.

12. DATA ANALYSIS AND CALCULATIONS

12.1. lev percent recoveries are calculated according to the equation:

%R= lOO(Found(lCV»)
True(lCV)

12.2. cev percent recoveries are calculated according to the equation:

%R=lnJ FOUnd(CCV»)
"'\ True(CCV)

12.3. Matrix spike recoveries are calculated according to the follov.ing equation:

\\-nere:
SSR = Spike Sample Result
SR = Sample Result
SA = Spike Added

12.4. The relative percent difference (RPD) of matrix spike/matrix spike duplicates or
sample duplicates are calculated. according to the following e'quations:



PREPARATION AND ANALYSIS OF MERCURY IN SOLID
SAMPLES BY COLD VAPOR ATOMIC ABSORPTION, SW-846
METHOD 7471A and MCAWW METHOD 245.5

SOP No. CORP-MT..()()()7NC
Revision No. 1.1
Revision Date: 04-17-97
Page: 19 of40

RPD= I

Where:
MS = detennined spiked sample concentration
MSD = determined matrix spike duplicate concentration

RPD= 10
IDuI-DU21

( DUl~DU2)

Where:
DU I = Sample result
DU2 = Sample duplicate result

12.5. For automated detenninations. the final concentration detennined in solid samples
when reported on a dry weight basis is calculated as follows:

mglkg. dry weight = (C x V x D)I(W x S)

Where:
C = Concentration (ugIL) from instrument readout
V = VolWTle of digestate (L)
D = Instrument dilution factor
W = Weight in g of wet sample digested.
S = Percent solidsll 00

Note: A Percent Solids determination must be performed on a separate aliquot when
dry weight concentrations are to be reported. If the results are to be reponed on
a wet weight basis. the "S" facror should be omitted from the above equation.

12.6. For manual (total) detenninations. the final concentration detennined in solid
samples when reponrtd on a dry \veight basis is calculated as folloVt"S:

mWkg. dn; .·.ight = (C)I(W x S)

. 'Where:
C = Concentration lug) from instrument readout
W = Weight in g of wet sample digested
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Note: A Percent Solids determination must be perfonned on a separate aliquot when
dry weight concentrations are to be reponed. If the results are to be reported on
a wet weight basis, the "S" factor should be omitted from the above equation.

12.7. The LCS percent recovery is calculated according to the following equation:

'loR ~ IOJ FOUnd(LCS))
"\. True( LCS)

12.8. Sample results should be reponed with up to three significant figures in accordance
with the Quanterra significant figure policy.

13. METHOD PERFORMANCE

13.1. Each laboratory must have initial demonstration of penonnance data on file for each
analyte of interest as described in Section 9.0.

13.2. Method performance is detertnined by the analysis of method blank, laboratory
control sample, matrix spike and matrix spike duplicate samples. The matrix spike
recovery should fall within +1- 25 % 'and the matrix spike duplicates should compare
within 20% RPD. The method blanks must meet the criteria in Section 9.3. The
laboratory control sample should recover within 20010 of the true value until in house
limits are established.

13.3. Training Qualification:

The group/team leader has the responsibility to enslU"e that this procedlU"e is
perfonned by an associate who has been properly trained in its use and has the
required experience.

14. POLLUTION PREVENTION

14.1. This method does nOl contain any specific modifications that serve to minimize or
prevent pollution.

15. WASTE MANAGEMENT

15.1. Waste.generated in the proc~dure must be segregated and disposed according to the
facility hazardous ""aste' procedures. The Environmental Health and Safety Director
should be contacted ifadditional infonnation is required.
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16.1. Test Methods for Evaluating Solid Waste, PhysicaVChemica1 Methods, SW-846, 3rd
Edition, Final Update II, Revision I, September 1994, Method 7471A (Mercury).

16.2. "Methods for the Chemical Analysis of Water and Wastes", EPA-600/4-79-020,
U.S.EPA, August 1983, Method 245.5.

16.3. U.S.EPA Statement of Work for Inorganics Analysis, ILM03.0.

16.4. QA-003, QuanteITa QC Program.

16.5. QA-004, Rounding and Significant Figures.

16.6. QA-OQ5, Method Detection Limits.

17. MISCELLANEOUS (TABLES, APPENDICES, ETC. __ )

17.1. ModificationsIInterpretations from reference method.

17.1.1. Modifications from both 7471A and 245.5.

17.1.1.1. A potassium persulfate oxidation step bas been included 10
facilitate the breakdown of organic mercurials which are not
completely oxidized by potassium pennanganate. Use of
potassium persulfate in combination with the permanganate
improves the recovery of mercury from organo-mercury
compounds. The use of persulfate has been incorporated in
several recent EPA mercwy protocols.

J7.1.1.2. The alternate run sequence presented in Section 11.2.11 is
consistent with method requirements. An additional QC analysis
(eRA) was added to accommodate the eLP protocol requirements.

17.1.2. Modifications from Method 7-171.-'1.

17.1.2.1. Chapter I of5W846 specify the use ofrea$ent water 'With a purity
equivalent to ASTM Type II water. This SOP specifies the use of
a Milliporc DI system or equivalent to produce reagent water. This
SOP requires that reagent water must be free of the analytes of
interest as dt:monStraled lhrough the analysis of method blanks.
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17.1.2.2. Chapter 1 ofSW-846 states that the method blank should not
contain any analyte of interest at or above the MOL. TIlis SOP
states that the method blank must not contain any anaIyte of
interest at or above the reporting limit

17.1.2.3. Method 7471A does not state control criteria within the text ofthe
method. The QC section of747 IA refers the analyst to Section 8.0
of Method 7000A, the generic atomic absorpti~n method, which
discusses flame and furnace methods. The ICY criteria stated in
Method 7000A is ± 10%. This SOP requires ICY control limits of
± 20"/0 based on the fact that the mercury ICY, unlike the ICY for
the flame and furnace analytes, is digested and therefore is
equivalent to a LCS. The CLP protocol 245.5 CLP-M recognizes
this factor and requires control limits of ± 20%.

17.1.3. Modifications from 245.5

'-. -.
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17.1.3.1. Method 245.5 Section 9.3 states concentrations should be reported
as follows: Between 0.1 and I ug/g, to tJie nearest 0.01 ug;
between 1 and 10 ug/g, to the nearest 0.1 ug; above 10 ug/g, to the
nearest ug. Quanterra reports all Hg results under this SOP to two
significant figures.

17.2. Modifications from previous SOP

None.

17.3. Facility Specific SOPs

Each facility shall attach a list of facility specific SOPs or approved attachments (if
applicable) which are required to implement this SOP or which are used in
conjunction with this SOP. Ifno facility specific SOPs or amendments are to be
attached. a statement must be attached specifying that there are none. Refer to the
Appendices for any facility specific infonnation required to support this SOP.

17.4. Documentation and Record Management

The following documentation comprises a complete CVAA raw data package:

• Raw data (direct instrument printout)

• Run log printout from instrument software where this option is available or
manually generated run log. (A bench sheet may be substituted for the run log as
long as it contains an accurate representation of the analytical sequence).

• Data review checklist - See Appendix B

• Standards Documentation (source. lot. dale).

• Copy ofdigestion log.

Non-confonnance surrunary (ifapplicable).

-.
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Figure I. SQlid Sample Preparation for Mercury - Water Bath Procedure
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TABLE I. MERCURY REPORTING LIMITS, CALIBRATION STANDARD', QC
STANDARD AND SPIKING LEVELS

Soil RL (mg/kg) 0.1

Std 0 (mgIL) 0 .

Std I (mgIL) 0.0002

SId 2 (mgIL) 0.0005

SId 3 (mgIL) 0.001

Std 4 (mgIL) 0.002

Std 5 (mgIL) 0.005

Std 6 (mgIL) •• 0.010

ICV (mgIL) 0.00 I or 0.0025 •••

CCVILCS (mgIL) 0.0025 or 0.005 •••

MS (mgIL) 0.001

, SOP specified calibration levels must be used unless prevented by tbe mstrument
configuration or client specific requirements. Deviations from specified calibration levels
must be documented in the facility specific instrument operation SOP and must be
approved by tbe facility technical manager and Quality Assurance Manager.

** Optional standard which may be used to extend tbe calibration range as allowed by the
instrumeot configuration. If the instrument configuration prevents the use of 6 standards,
the 2 ppb standard may be eliminated in favor of the 10 ppb standard.

• ** Concentration level dependent on high calibration standard used. .cCV must be 50% of
the high standard concentration and the ICV must be 20-25% of the high standard
concentration. .J'.
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TABLE II Summary Of Quality Control Requirements.
QC PARAMETER FREQUENCY· ACCEPTANCE CORRECTIVE

CRITERIA ACTION
ICV Beginning of every 80 - 120 % recovery. Terminate analysis;

analytical run. Correct the problem;
Recalibrate or reprep
batcli(see Section 9.7).

ICB Beginning of every The result must be within Tenninate analysis;
analytical run, +/- RL from zero. ~orrect the problem;
immediately following Recalibrate or reprep
the lCV. batch (see Section 9.7).

CCV EveI}' 10 samples and 80 - 120 % recovery. Tenninate analysis;
at the end of the run. Correct the problem;

Recalibrate and renm all
samples not bracketed by
acceptable cev or
reprep batch (see Section .
9.8).

CCB Immediately The result must be within Terminate analysis;
following each CCV. +1- RL from zero. Correct the problem;

Recalibrate and rerun all
samples not bracketed by
acceptable CCB or
reprep batch (see Section
9.8).

Method Blank One per sample The result must be Jess Redigest and reanalyze
preparation batch of than or equal to the RL. samples.
up to 20 samples.

Sample results greater Note exceptions under
than 20x the blank criteria section.
concentration are
acceptable. See Section 9.4 for

additional requirements.
Samples for which the
contaminant is < RL do
not require redigestion .

(See Section 9.4)

·See S~c[ions 11.2.10 and 11.2. I I for exact run sequence to be folIow~d.
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QC PARAMETER FREQUENCY ACCEPTANCE CORRECTIVE
CRITERIA ACTION

Laboratory Control One per sample Aqueous LCS must be Terminate analysis;
Sample (LCS) preparation batch of within 80 - 120% recovery Correct the problem;

up to 20 samples. or in-house controllimilS. Redigest and
reanalyze all samples
associated with the
LCS (see Section 9.5).

Matrix Spike One per sample 75 - 125 % recovery or in- ill the absence of
preparation batch of house control limits. If the client specific
up to 20 samples. MSIMSD is out for an requirements, flag the

analyte. it must be in data; no flag required
control in the LeS. if the sample level is>

4x the spike added.
(see Section 9.6)

For TCLP see Section
11.3.12

Mattix Spike See Matrix Spike 75 - 125 % recovery or in- See Corrective Action
Duplicate house control limits: RPD for Matrix Spike.

,; 20%. (See MS)
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RunlProjtd Information

Run Date: Analyst:_________ Instrument: _
Prep Batcbes Run: _

Circle Methods used:

Review Items

1470A/24S.1:
CLp· AQ

CORP·MT-0005 Rev I
CORP-MT-0006 Rev 0

7471/245.5
CLP-SOL

CORP-MT..()O()7 Rev 1
CORP-MT-QOOS Rev 0

A.. Calibration/lostrument ROD QC Yes No NtA 20dLevel
I. Instrument calibrated per manufacturer's instructions and at SOP

spttifred levels ?
2. lCV/cCV analyzed at appropriate frequency and within conlrollimits?

3. ICBlCCB .analyzed at appropriate frequency and within +1- RL or +1-
CRDL(CLP)?

4. eRA run (elP only)?
B. Sample Results

.

1. Were samples with concentrations> the high calibration standard
diluted and reanalyud?

2. All reported results bracketed by in control QC ?
3. Sample analyses done within holding time?

C. PrepantioolMatrix QC
1. LCS done per prep balch and within QC limits ?
2. Method blank done per pup batch and < RL or CRDL (CLP) ?
3. MS run at required frequency and within limits ?
4. MSD or DU run at required frequency and RPD within SOP limits?

D. Other
1. Are all nonconformances documented appropriately?
2. CurrentlDUMDL data on file?
3. Calculations and Transcriptions cheeked for error?
4. All c:Iientl projttt specific requi«:ments met?
S. Date of analysis ,"uified as corr«t ?

Analyst: _

Comments:

2nd Level Re,"iewer : _

0.1" _

Date: _
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Four equal volume aJiquots of sample are measured and known amounts of standards are added to
three aliquots. The fourth aliquot is the unknown and no standard is added to it The concentration
of standard added to the first aliquot sbould be 500/0 of the expected concentration. The
concentration ofstandard added to the second aliquot should be 100% of the ex~cted concentration
and the concentration of standard added to the third aliquotsbould be 150% of the expected
concentratio~ The volume afthe unspiked and spiked aliquots should be the same (i.e., the volume
of the spike added sbould be negligible in relation to the volume of sample).

To determine the concentration of analyte in the sample, the absorbance (or response) of each
solution is detennined and a linear regression perfOImed. On the vertical axis the absorbance (or
response) is plotted. versus the concentrations of the standards on the horizontal axis using 0 as the
concentration afthe unspiked aliquot. An example plot is shown in Figure 1. When the resulting
line is extrapolated back to zero absorbance, the point of interception of the horizontal axis is the
concentration of the unknown. Calculate the correlation coefficient (r) and the x-intercept (where
y=O) of the curve. The concentration in the digestate is equal to the negative x-intercept.

Figure I
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• For the method of standard additions to be correctly applied, the following limitations must be
taken into consideration.

• The plot of the sample and standards must be linear over the concentration range of concern. For
best results, the slope ofthe curve should be similar to that of a plot of the aqueous standard
curve.

• The effect ofthe interference should not vary as the ratio of the standard added to the sample
matrix changes.

-.
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Problem Possible Cause

Poor or No Absorbance or Incorrect wavelength
Sensitivity Check failed Dirty windows

Window loose
Etched or dirty optics
Wrong lamp
Bad lamp
Not enough or no sample introduced
Empty sample cup
Incorrectly made standards
Gas leak
EDL power supply set on "Continuous"

Erratic Readings Source lamp not aligned properly
Lamp not prewarrned
Injection tip partially clogged
Contam ioated reagents
Contaminated glassware
Drying rube saturated
Bad lamp
Injection tip hitting outside of tube
Injection tip coated or not set properly
Leak in sample tubing
Power fluctuations
Air bubbles in tubing

EDL Won't Light Lamp cable not plugged in
Lamp power set at 0
Lamp is dead
Power supply fuse is blown
Shan. in cord

Standards reading twice or half Incorrect standard used
nonnal absorbance or concentration Incorrect dilution perfonned

Dirt) cell

Background Correction Light Blinking Background screen or attenuator faulty
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The foUowing procedures are strongly recommended to prevent contamination:

All work areas used to prepare standards and spikes should be cleaned before and
after each use.

All glassware should be washed with detergent and tap water and,rinsed with 1: I
nitric acid followed by deionized water.

Proper laboratory housekeeping is essential in the reduction of contamination in the
metals laboratory. All work areas must be kept scrupulously clean.

Powdered or Latex Gloves must not be used in the metals laboratory since the powder
contains silica and zinc. as well as other metallic analytes. Only vinyl or nitrile
gloves should be used in the metals laboratory.

Glassware should be periodically checked for cracks and etches and discarded if
found. Etched glassware can cause cross contamination of any metallic analytes.

AUlosampler trays should be covered to reduce the possibility of contamination.
Trace levels of elements being analyzed in the samples can be easily contaminated by
dust particles in the laboratory.

The following are helpful hints in the identificatioD of the source of contaminants:

Reagents or standards can contain contaminants or be contaminated 'With the improper
use of a pipette.

Improper cleaning of glassware can cause contamination.

Separate glassware if an unusually high sample is analyzed and soak with sulfuric
acid prior to routine cleaning.



PREPARATION AND ANALYSIS OF MERCURY IN SOLID
SAMPLES BY COLD Vi\POR ATOMIC ABSORPTION, SW-846
METIiOD 747IA and MCAWW METIiOD 245.5
APPENDIX F - PREVENTIVE MAINTENANCE

APPENDIXF

PREVENTIVE MAINTENANCE

SOP No. CORP-MT-0007NC
Revision No. 1.1
Revision Date: 04-17-97
Page: 39 of 40



PREPARATION AND ANALYSIS OF MERCURY IN SOLID
SAMPLES BY COLD VAPOR ATOMIC ABSORPTION, SW-846
MElBOD 7471A and MeAWW MElBOD 245.5
APPENDIX F - PREVENTIVE MAINTENANCE

SOP No. CORP-MT-0007NC
Revision No. 1.1
Revision Date: 04-17-9
Page: 40 of 40

APPENDIX F. PREVENTIVE MAINTENANCE

A maintenance log is used to record when maintenance is perfonned on instruments. When an
instrument problem occurs indicate the date, time and instrument number, then identify the problem
and corrective action in the maintenance log.

.
The following procedures are required to ensure that that the instrument is fully operational.

Cold Vapor Atomic Absorption (Leeman PS 200)(1)

Daily Semi-annually Annually

Clean lens. Check: Hg lamp intensity. Change Hg lamp.

Check apertUre. Check liquid/gas separator.

Check argon flow.

Chetk tubing.

Check drain.

Replace drying tube.

Cold Vapor Atomic 4.bsorption (pE 5000)(1).

Dail)' Monthly

Clean aspirator by f1ushin~ with 01 water. Clean cell in aqua regia.

Check tubing and replace if needed. Clean aspirator in aqua regia.

Clean windows with methanoL

Change silica gel in drying rube.

Ch~k argon gas supply.
.

:\djust lamp. ..
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1.1. This method is applicable to the determination of Volatile Organic Compounds in waters.
wastewaters, soils, sludges and other solid matrices. Standard analytes are listed in
Tables 5 and 6.

1.2. This SOP is applicable to methods 8240B (capillary column) and 8260A.

1.3. This method can be used to quantify most volatile organic compounds that have boiling
points below 200°C and are 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 because of poor
purging efficiency.

1.4. The method is based upon a purge and trap, gas chromatograph/mass spectrometric
(GeMS) procedure. Directions are provided for analysis based on methods 8240B and
8260A. The approximate working range is 5 to 200 J.1g/L for 5 mL waters, 1 to 60 1lg!L
for 25 mL purge waters. 5 to 200 J.1g1kg for low-level soils, and 630 to 25,000 Ilglkg for
medium-level soils. Reponing limits are listed in Tables 1.3 and 14.

1.5. Method perfonnance is monitored through the use of surrogate compounds. matrix
spike/matrix spike duplicates. and laboratory control spike samples.

2. SUMMARY OF METHOD

2.1. The differences between method 8240B and 8260A as perfonned at Quamerra are
swnmarized here.

2.1.1. Method 8240 was v.Tin~n as a packed column method: however, Quanterra has
modified the method to use capillary columns for improved performance.
Accordingly. when the surrogates and internal standards listed in this SOP are used.
methods 8240B and 8:::!f}OA are similar except for the minimum response factors listed
in Table 11. Both methods may use 5 or 25 mL purge volumes. depending on the
detection limits required. and both methods have the same calibration criteria.

2.1.2. When a method 8260A analysis is r~quested. a target compound list hased lin that
contained in method 5~~.~ is frl:qu~ntl~ requested. One of the target comp(\unds.
bromochloromethane. is a rnt:thod 8240B internal standard. so altemati\·e surrogat~s

and internal standards must be: u5Cd. Quanterra's standard anal~le list. ~urrogates iJnJ
internal standards for ll1~th\ld R260!\ (drinking water anal~le list) are listed in
.'\pp<n~i'A. Tables 14.1;.• nd 10.
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3.

2.2.

2.4.

1 -_.).

The volatile compounds are introduced into the gas chromatograph by the purge and trap
method. The components are separated via the chromatograph and detected using a mass
spectrometer which is used to provide both qualitative and quantitative information.

If the above sample introduction techniques are not applicable, a portion of the sample is
dispersed in methanol to dissolve the volatile organic constituents. A portion of the
methanolic solution is combined with water in a purging chamber. It is then analyzed by

purge and trap.

In the purge and trap process, an inert gas is bubbled through the solution at ambient
temperature (40°C for soils) and the volatile components are efficiently transferred from
the aqueous phase to the vapor phase. The vapor is swept through a sorbant column
where the volatile components are trapped. After purging is completed, the sorbant
colwnn (trap) is heated· and backflushed with inert gas to desorb the components ontO a
gas chroma:ographic colwnn. The gas chromatographic column is then heated to elute the
components which are detected with a mass spectrometer.

Qualitative identifications are confinned by analyzing standards under the same
conditions used for samples and comparing the resultant mass spectra and GC retention
times. Each identified component is quantified by relating the MS response for an
appropriate selected ion produced by that compound to the MS response for another ion
produced by an intemai standard.

DEFINITIONS

3.1. Batch

The batch is a set of up to 20 samples of the same matrix processed using the same
procedures and reagents v.ithin the same time period. Using this method. each BFB
analysis "viII normally stan a new batch. If no changes [Q instrumental parameters an::
made. a batch may extend for a maximum of]-I hours. Batches for medium level soils arot
defined at the sample preparation stage and may be analyzed on multiple instruments
over multiple days. although rotasonable dlon should Ix: made to keep the sampks
together.

3.1.1. The Quality Control batch must contain a matrix spike/spike duplicate (MS/fvISDI. OJ

Laboratory Control Sampk (l.l"S}. and a method blank. In some ca.se.s. at client
request. the MS,'MSD ma~ he repluc~d \vith a matrix spike and sample duplitate.
Refer to the Quanterra QC Pro~r;jm t1ol.:um~nt fQA-003) for further details of the
batch ddinititln. .
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A method blank consisting ofall reagents added to the samples must be analyzed with each
batch of samples. The method blank is used to identify any background interference or
contamination of the analytical system which may lead to the reporting of elevated
concentration levels or false positive data.

3.3. Laboratory Control Sample (LCS)

Laboratory Control Samples are well characterized, laboratory generated samples used to
monitor the laboratory's day-to-day performance of routine analytical methods. The LCS,
spiked with a group of target compounds representative of the method analytes, is used to
monitor the accuracy of the analytical process, independent of matrix effects. Ongoing
monitoring of the LCS results pro...ides evidence that the laboratory is perfonning the
method within accepted QC guidelines for accuracy and precision.

3.4. Surrogates

Surrogates are organic compounds which are similar to the target anal:1e{s) in chemical
composition and behavior in the analytical process, but which are not normally fOWld in
en...ironmental samples. Each sample. blank, LCS, and MSIMSD is spiked with surrogate
standards. Surrogate spike recoveries must be evaluated by determining whether the
concentration (measured as percent reco....ery) falls within the required recovery limits.

3.5. Matrix SpikelMatrix Spike Duplicate (MS/MSD)

A matrix. spike is an environmental sample to which known concentrations oftarget
anal:1es have been added. A matrix spikt: duplicate is a second aliquot of the same sample
which is prepared and analyzed along with the sample and matrix. spike. Matrix spikes and
duplicates are used to evaluate accuracy and precision in the actual sample matrix.

3.6. Calibration Check Compound (CCC)

CCCs are a representative group of compounds which are used to evaluate initial
calibrations and continuing calibrations. Rdati\·e percent difference for tht: initial
calibration and % drift for the cOnlinuing calibration response factors are calcullJted and
compared to the specified method I.:ritt:ria.

3.7. System Performance Check CIJmpounds (spec·)

SPCCs are compounds which an: ~ensi[i\e [0 system pertormance prohlt:m$ and ~e us~d ((l

~\'aJua(e system pertormance :JnJ s...'n~i[i\'i[~. A response factor from (hI.:' l.:ontinuing
I.:alibnnion is calculated tor the SPCC c.:omround~ IJnd l.:ompared 10 the s~itied meth\x!
I.:riteria.
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4.1. Method. interferences may be caused by contaminants in solvents, reagents, glassware, and
other processing apparatus that lead to discrete artifacts. All of these materials must be
routinely demonstrated to be free from interferences under conditions of the analysis by

running laboratory method blanks as described in the Qualitv Control section. The use of
ultra high pwiry gases, pre-purged pwified reagen:: water, ar.d approved lots 01purge and
trap grade methanol will greatly reduce introduction of contaminants. In extreme cases the
pmging vessels may be pre-purged to isolate the instrument from laboratory air
contaminated by solvents used in other parts of the laboratory.

4.2. Samples can be contaminated by diffusion of volatile organics (particularly methylene
chloride and fluorocarbons) into the sample through the septum seal during shipment and
storage. A field blank prepared from reagent water and carried through the sampling and
handling protocol can serve as a check on such contamination.

4.3. Mattix interferences may be caused by non-target contaminants that are coextraeted from
the sample. The extent ofmatrix interferences will vary considerably from source to source
depending upon the nature and diversity of the site being sampled.

4.4. Cross-eontamination can occur whenever high-level and low-level samples are analyzed
sequentially or in the same purge position on an autosampler. Whenever an unusually
concentrated sample is analyzed. it should be followed by one or more blanks to check for
cross-eontamination. ~~;: purge and trap system may require extensive bake~ut and
cleaning after a high-level sample.

~.5. Some samples may foam when purged due to surfactams present in the sample. \Vhen this
kind of sample is encountered an amifoaming agent (e.g .. 1.1. Baker's Antifoam B silicone
emulsion) can be used. A blank spiked with this agent must be analyzed .....ith the sample
because of the non·target interferences associated with the agent.

5. SAFETY

5.1. Procedures shall be carried out in a manner that protects the health and safety of all
Quanterra associates.

5.2. The Chemical Hygient: Plan (CHP) gi\\:s Jc.:tails arout the specific health and safely
practices which are to be followed in the IaNralP': area. Personnel must rec~i\'e training in
the CliP. including the v.riu~n Hazard Ctlmmunic.:ati\)fi plan. prior. to working in the
labor,J.to0. Consult the CHP. the Quanterra Ikahh and Safe~ Policies and Pr('IC~un:s

Manual. a9.~ a\'ailabh: V1atL,;al Saf~~ fhIa Sh..'\:t:' (i\ISDS I prior to using the l.:hemi'als in
the mt:thod.
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5.3. Consult the Quanterra Health and Safety Policies and Procedures Manual for information
on Pewnal Protective Equipment. Eye protection !hat satisfies ANSI 287. I (as per the
Chemical Hygiene Plan) and a laboratory coat must be worn in the lab. Appropriate gloves
must be worn while samples, standards, solvents, and reagents are being handled.
Disposable gloves that have been contaminated will be removed and discarded; other gloves
will be cleaned inunediately. Disposable gloves shall not be reused.

5.4. The health and safety hazards of many of the chemicals used in this procedure have not
been fully defined, therefore each chemical compound should be treated as a potential
health hazard. Additional health and safety information can be obtained from the MSDS
files maintained in the laboratory. The follo\'.>ing specific hazards are known:

5.4.1. Chemicals that have been classified as carcinogens, or potentiat carcinogens, under
OSHA include: Acrylonitrile, benzene. carbon tetrachloride, chloroform, l,2-dibromo
3-chloropropane, 1,4-dichlorobenzene. and vinyl chloride.

5.4.2. Chemicals known to be flanunable are: Methanol.

5.5. Exposure to chemicals must be maintained as low as reasonably achievable. therefore,
unless they are known to be non-hazardous. all samples should be opened.. transferred. and
prepared in a fume hood., or under other means of mechanical ventilation. Solvent and waste
containers \vill be kept closed unless transfers are being made.

5.6. The preparation of standards and reagents \\ill be conducted in a fume hood .....ith the sash
closed as far as the operations will pennit.

5.7. All work must be StOpped in the event of a known or potential compromise to the health and
safety of a Quanterra associate. The situation must be reported immediately to a laboratory
supervisor.

5.8. I.aboratory personnel assigned to perfonn hazardous \\t"'a5te disposal procedures must have a
working knowledge of the established pwcedures and practices outlined in the Quamerra
Health and Safet:· Manual. These emplo~ e\:$ must have training on the hazardous v.-aste
disposal practices initially upon assigrunent (lfthese tasks. followed by an annual refresher
training.

6. EQUIPMENT AND Sl'PPLlES

6.1. \'1icrosyringes: 10 ~L and larger. 0.006 inch lD n~~Jk.

6.~. Syringt:: 5..f!1L glass v.ith lu~r1ok tip. if applil.::.J.hk 1\\ the purging dr.'vice.
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6,3. Balance: Analytical, capable ofaccurately weighing 0.0001 g, and a top-loading balance
capable ofweighing 0.1 g

6.4. Glass....·are:

6.4.1. Vials: 20 mL with screw caps and Teflon liners.

6.4.2. Volumetric flasks: 10 mL and 100 mL. class A 'With ground-glass stoppers.

6.5. Spatula: Stainless steel.

6.6. Disposable pipets: Pasteur.

6.7. pH paper. Wide range.

6.8. Gases:

6.8.1. Helium: Ultra high purity. gr. 5. 99.999%.

6.8.2. Compressed air: Used for instrument pneumatics.

6.8.3. Liquid nitrogen: Used for cryogenic cooling if necessary.

6.9. Pw-ge and Trap Device: The purge and trap device consists of the sample purger, the trap.
and the desorber.

6.9.1. Sample Purger: The recommended purging chamber is designed to accept 5 ml
samples wim a water colwnn at least 3 cm deep. The purge gas must pass through the
water colwnn as finely divided bubbles. each with a diameter of less than 3 mm at the
origin. The purge gas must be inn-oduced no more than .5 mm from the base of the \....ater
column. Alternative sample purge de\'ices ma~ Ix ~d pro\'ided equivalent
performance is demonstrated.

6.9.2. Trap: The trap should be at least 25 cm Ilmg and ha\'e an il1.';ide diameter ofat least
0.105 inch. Starting from the inlet. the trnp should contain the following amounts of
absorbents: 1/3 of2.6-diphenylene oxide polymer i T~na'(·GC. 60/80 mesh or
~qui\'alent). 1/3 of silica gel (Davison (h~mic..d. 35'hO mt:sh. grade 15. or equi\'alentL
and I':> coconut charcoal. It is recomm~nd~d h' ux a trap that also 1.0 cm methyl
silicone packing at th~ inlet to extend its IiIi..-. If it i:, m\t m:ccssary to analyze for an~

fluorocarbons then the charcoaJ phase ~an he rl.:pl:.lC..:J \\'ith th~ polymer. Other traps.
sut.:h a'i.,\\upclco's Vocarb 3000 and 4000. mu~ i:x: used if lnt: Quality Conrrol criteria ant
ml.'t.
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6.9.3. Desorber: The desorber should be capable of rapidly heating the trap to jgO°C. Many
such devices are commercially available.

6.9.4. Sample Heater: A heater or heated bath capable ofmaintaining the purge device at 40°C
is used for low level soil analysis only.

6.10. Gas Chromatograph/Mass Spectrometer System:

6.10.1. Gas Chromatograph: The gas chromatograph (GC) system must be capable of
temperature programming. The system must include or be interfaced to a purge and trap
device. All GC carrier gas lines must be made from stainless steel or copper tubing.

6.10.2. Gas Chromatographic COIU1TUlS: Capillary colwnns are used. Some typical columns are
listed below:

6.10.2.1. Column I: 105m x 0.53 lD Rtx-624 ""ith 3 ~m film thickness.

6.10.2.2. ColUmn 2: 75 m x 0.53 lD DB-624 widebore with 3 ~m film thickness.

6.10.3. Mass Spectrometer: The mass spectrometer must be capable of scanning 35-300 AMU
every mio seconds or less, using 70 volts electron energy in the electron impact mode
and capable of producing a mass spectrum that meets the required criteria when 50 ng
of 4-Bromonuorobenzene (BFB) are injected onto the gas chromatograph colwnn inlet.

6.10.4. GCIMS interface; In general glass jet separators are used but any interface that achie"·es
all acceptance criteria may be used.

6.10.5. Data System: A computer system that allows the continuous acquisition and storage on
machine readable media of all mass spectra obtained throughout the duration of the
ctvomatographic program. The computer must have sofh.vare that allows searching any
GcrMS data file for ions ofa specified mass and plotting such ion abundances versus
time or scan number. This type: of plot is d~tin~ as an Extracted Ion Current Profile
(cICP). Softv,.:are must also be available that allov.s integrating the abundances in any
EICP berl,""een the specified time or scan-numher limil.S. Also. for the non-target
compounds. sofu.\.'3re must be available that allows for the comparison of sample
spectra against reference library spectra. Th~ most r~l:c::m releas~ of the N1STtEPA mass
specr.rallibrary should be used as the reter~nc~ library. The comput~r syst~m must also
be l:apable o[hacking up data for long-t~rm otT·lin~ stt1rage.

().IIJ.n. C~·(lgenil:·(·ooling:Some l:olumns requin: thl' ll.";l' of liquid nitrogen to Jchiev~ th~

suhambi~nt temperature required for the proper ~rilI"i.ltion of the:: gases.



Dttermin3tioD of Volatile An31yt~ by GClMS
Based on Metbod 8240B and 8260A

7. REAGENTS AND S1ANDARDS

7.1. Reagents

7.1.1. Methanol: Purge and Trap Grade, High Purity
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7.1.2. Reagent Water: High pwity water that meets the requirements for a method blank when
analyzed. (See section 9.4) Reagent water may be purchased as commercial distilled
water and prepared by purging with an inen gas overnight. Other methods ofpreparing
reagent water are acceptable.

7.2. Standards

7.2.1. Calibration Standard

7.2.1.1. Stock Solutions: Stock solutions may be purchased as cenitied solutions from
conunercial sources or prepared from pure standard materials as appropriate.
These standards are prepartd in methanol and stored in Teflon·sealed screw-eap
bottles wlth minimal headspace at -10° to -20°C. Stock standards for gases must
be replaced at least every week. Other stock standards must be replaced at least
e ....ery 6 months.

7."2.1.2. Working standards: A working solution containing the compounds of interest
prepared from the stock solution(s) in methanol. These standards are stored with
minimal headspace and monitored for signs of degradation or evaporation.
especially just prior to preparing calibration standards from them. The standards
are stored for a maximwn of one week.

Note: By definition in this SOP. a stock standard is on~ that is stored in the
freezer and is only opened in order to prepare \\.'orking standards. A
working standard is opened more frequently in ord~r to prepare the
calibration. spiking or tuning standards usC'd at th~ instrument. Stock and
working standards may be at the same concentralil\fi.

7.~.1.~. Aqueous Calibration Standards are prepar~d in reagent \\ater using the
s~ondarydilution standards. These allueou:, slandards must be prepared daily.

7.~.IA.

.. ., .,
'._._.

If s{(xk or secondary dilution standards are purcha-;eJ in sealed ampoules they
ma~ he used up to the manufacturers .:xpira[i~ln Jat.:. ()n..:~ the ampoule is
o~nt.-d the expiration dates in Section 7.~.I.l het.:ome t:fl~..:ti\·e ..

.
Intemill Standards: Internal standards are add.:J 10 ;.III :-OJl11pks. :'1.t1lJards. and blank
:m;Jl~ S\:S. Rd~r to Table 7 for internal s~ndarJ ":Otnpt 'llL"m:,.
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7.2.3. Surrogate Standards: Referlo Table 8 for surrogate standard components and spiking
levels.

7.2.4. Labot1itotj' Control Sample Spiking Solutions: Refer to Table 9 for LCS components
and spiking levels.

7.2.5. Matrix Spiking Solutions: The matrix spike contains the same components as the LCS.
Refer to Table 9.

7.2.6. Tuning Standard: A standard is made up that will deliver 50 ng on column upon
injection. A recommended concentration of25 ng/J..lL of 4-Bromofluorobenzene in
methanol is prepared as described in Sections 7.2.1.1 and 7.2.1.2.

8. SAMPLE COLLECTION, PRESERVAnON AND STORAGE

8.1. Standard 40 mL glass screw-eap VOA vials with Teflon-faced silicone septa may be used
for both liquid and solid matrices. Solid samples may also be collected. in wide-mouth glass
jars with Teflon-lined caps. Samples should be introduced into the containers with
minimum agitation to avoid loss of volatile compounds. For liquid samples, each VOA vial
should be filled Vvithout introduction of bubbles. Fill until there is a meniscus over the lip c
the vial. The lid \.\ith septum (Teflon side toward the sample) should be tightened onto the
vial. After tightening the lid, the vial should be inverted and tapped to check for air bubbles.
If there are any air bubbles present the sample must Ix retaken. Sample containers for solid
samples should be filled as completely as possible with minimum air space.

8.2. Water samples are preserved with Hel. Aromatic compounds are panicularly susceptible to
biodegradation at normal pH. The pH of the sample should be adjusted to less than 2 with
Hel in the field at the time ofsampling.

8.2.1. If thl;l sample is unpreserved every reasonable efiort should be made to analyze the
sample \vith.in 7 days from sampling. The condition should be documented as an
anomaly and the nonnal holding time applied. If the sample rt:quires analysis of
aromatic compounds the potential impact on the data must be documenled.

8.~. All samples must be iced or refrigerated at 4°:: ::!°C from the time of collection until
<lnal» sis or ~xlra'tion.

8.'+. For shipping information. see the facility Sample Procuro;:ment Protocol SOP.

8.5. ·1 h..: ht1lding time is fouI1een days from sampling to thl,,' cl.lnlpkti{\n ofanaly::;is.

'.
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9. QUALITY CONTROL

9.1. Initial Demonstration of Capability
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9.1.1. For the standard analyte list, the initial demonstration and method detection limit
(MDL) studies described in Section 13 must be acceptable before analysis of samples
may begin.

9.1.2. For non-standard analytes, a MDL study must be perfonned and calibration curve
generated before analyzing any samples, unless lesser requirements are previously
agreed to with the client. In any event. the minimum initial demonstration required is
analysis of an extracted standard at the reporting limit and a single point calibration.

9.2. Control Limits

In-house historical control limits must be determined for sWTogates. matrix spikes, and
laboratory control samples (LCS). These limits must be determined at least annually.
The recovery limits are mean recovery +1- 3 standard deviations for sWTogates and LCS.
and mean recovery +1- 2 standard deviations for matrix spikes. Precision limits for matrix
spikes 1matrix spike duplicates are 0 to mean relative percent difference + 2 standard
deviations.

9.~.1. For medium le';el soils only. these limits do not apply to dilutions. Surrogate and
matrix spike recoveries for medium level soils "'ill be reponed unless the dilution is
more than 5X.

q.~.~. All surrogate. LCS. and MS recoveries (except for dilutions) must be e:ntered into
QuantiMS (when available) or other database so that accurate historical control limits
can be generated. For tests without a separate extraction. surrogates and matrix
spikes will be reported for all dilutions.

9.~.3. Rt:fer to the QC Program document (QA-003) for furthe:r de:tails of control limits.

9.3. Sllrrogat~s

E\ e:r~ sampk. blank. and QC sample is spiked \\;th sUTTogalt:'S. Surrogale rccm'eries in
sampks. hlanks. and QC samples must be assessed 10 ~n=--ure Ihat rcw\'eries are within
cstahlishe:d limits. The <.::ompounds included in the surrog.ale: spiking solutions are listed
in Tahle=-- Xand 16. (f an~ surrogates are outside limits. the ti.1110\\ ing CiJlTe:<.:tj,·e actions
must t,ike place (exccpl for dilutions):

• ('hcd\11I calculatiun:- for e:rror.
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• Ensure that instrument performance is acceptable.
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• Recalculate the data andlor reanalyze if either of the above checks reveal a problem.

• Reprepare and reanalyze the sample or flag the data as "Estimated Concentration" if
neither of the above resolves the problem.

The decision to reanalyze or flag the data should be made in consultation with the client.
It is only necessary to reprepare/reanalyze a sample once to demonstrate that poor
surrogate recovery is due to matrix effect, unless the analyst believes that the repeated out
of control results are not due to matrix effect.

9.3.1. If the surrogates are out of control for the sample, matrix spi~e. and matrix spike
duplicate, then matrix effect has been demonstrated for that sample and repreparation
is not necessary. If the sample is out of control and the MS and/or MSD is in control.
then reanalysis or flagging of the data is required.

9.3.2. Refer to the Quanterr. QC Program document (Q.'\-003) for further details of the
corrective actions.

9.4. Method Blanks

For each batch of sa.rnples. analyze a method blank. The method blank is normally
analyzed immediately after the calibration standards. For lov..·-Ie,·et volatiles. the method
blank consists of reagem water. For medium-level volatiles. the method blank. consists of
9.0 mL of methanol. Surrogates are added and the method blank is carried through the
entire analytical procedure. The method blank must nOl contain any analyte of interest at
or above the reporting limit (except common laboratory contaminants. see below) or at or
above 5% of the measured concentration of that analyte in the associated samples.
whichever is higher.

• If the analyte is a common laboratory contaminant (mt:thylene chloride. acetone, 2
butammc) the data may be reported with qualifiers if the cnncentration of the analyte
is less than live times the reporting limit. Such action must be taken in consultation
with the client.

• Reanal~ sis t\f samples associated v.;th an unacceptabh: methtXI blank is required
when reronahle concentrations are determined in the sampks.

• Ifth~rt: is no target analyte greaterthan the RL in the sampll.:? :lS:'t.\duted" ilh an
unal.:cl:pl<.lhk method blank. the data may Ix reported \\ ith qualiliers. Such action
shoulJ h..: Jim..: in l.:onsultation with the client.
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9.4.1. The method blank must have acceptable surrogate recoveries. If surrogate recoveries
are not acceptable, the data must be evaluated to determine if the method blank has
served the purpose of demonstra:ting that the analysis is free of contamination. If
surrogate recoveries are low and there are reponable analytes in the associated
samples re-extraction of the blank and affected samples Vvill normally be required.
Consultation with the client should take place.

9.4.2. If reanalysis of the batch is not possible due to limited sample volume or other
constraints, the method blank is reponed, all associated samples are flagged v.ith a
"8." and appropriate comments may be made in a narrative to provide funher
documentation.

9.4.3. Refer to the QuanteITa QC Program document (QA-003) for further details of the
corrective actions.

9.5. Laboratory Control Samples (LCS)

For each batch of samples. analyze a LCS. The LCS is normally analyzed immediately
after the method blank. The LCS contains a representative subset of the analytes of
inter~st (See Table 9). and must contain the same analytes as the matrix spike. If any
analyte or surrogate is outside established control limits. the system is out of control and
corrective action must occur. Corrective action will normally be repreparation and
reanalysis of the batch.

• If the batch is not re-extracted and reanalyzed, the reasons for accepting the batch
must ~ clearly presented in the project records and the repon. (An example of
acceptable reasons for not reanalyzing might be that the matrix spike and matrix spike
duplicate are acceptable. and sample surrogate recoveries are good. demonstrating
that the problem was confined to the lCS.)

• If rt:-I:xtraction and reanalysis of the batch is not possible due to limited sampl~

\\)Iume or other constraints. the lCS is reponed. all associated sampl~s ar~ flagged.
and appropriate comments are made in a narrative to pro\ ide further docum~mation.

9.5.1. Rd¢r til Ih~ Quanterra QC Program document (QA-003) for further dt:tails \lflh~

corrccti\·,,: action.

C).5.~. I(full ;.ll1al~ tt: spike lists are used at client requ~s!. it \\ilJ ~ n":~"::':'3r: t(1 allll\\ a
p~r~~ntaJ;c llfthe components (0 ~ outside comrol limits a:' (hi, \\ouIJ ht: cxpccl~d

stalisfical I~. I·he)e re4uirements should be negotialed \\ ilh rh..: cli..:nt.
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For each QC batch. analyze a matrix spike and matrix spike duplicate. Spiking
compounds and levels are given in Table 9. Compare the percent recovery and relative
percent difference (RPD) to that in the laboratory specific historically generated limits.

• Ifany individual recovery or RPD falls outside the acceptable range, corrective action
must occur. The initial corrective action will be to check the recovery of that analyte
in the Laboratory Control Sample (LCS). Generally, if the recovery of the analyte in
the LCS is within limits. then the laboratory operation is in control and analysis may
proceed. The reasons for accepting the batch must be documented.

• If the recovery for any component is outside QC limits for both the matrix spike!
spike duplicate and the LCS, the laboratory is out of control and corrective action
must be taken. Corrective action ""ill normally include reanalysis of the batch.

• If a MSIMSD is not possible due to limited sample, then a LCS duplicate should be
analyzed. RPD of the LCS and LCSD are compared to the matri=< spike limits.

• The matrix spike/duplicate must be analyzed at the same dilution as the unspiked
sample. even if the matrix spike compounds will be diluted out.

9.7. Nonconfonnance and Corrective Action

Any deviations from QC procedures must be documented as a nonconlorrnance. with
applicable cause and corrective action approved by the facility QA Manager.

9.8. Quality Assurance Summaries

Cenain clients may require specific project or program QC which may supersede these
method requiremenl~. Quality Assurance Summaries should be de\·doped to address
these requirements.

9.9. Quanterra QC Program

Funher details ofQC and corrective action guidelines are presented in the Quantt:rra QC
Program documl:nl tQA·OO31. Refer to this document ifin doubt r.:garding l.:orrecti\"e
actions.
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10. CALIBR4.TION AND STANDARDIZATION

10.1. Surrunary
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10.1.1. Prior to the analysis ofsamples and blanks, each GCIMS system must be runed and
calibrated. Hardware tuning is checked through the analysis of the 4-Bromofluoro
benune (BFB) to establish that a given GCIMS system meets the standard mass
spectral abundance criteria The GCIMS system must be calibrated initially at a
minimum of five concentrations (analyzed wtder the same BFB rune), to determine the
linearity of the response utilizing target calibration standards. Once the system has been
calibrated. the calibration must be verified each twelve hour time period for each
GClMS system. The use of separate calibrations is required for water and low soil

matrices.

10.2. Recommended Instrument Conditions

10.2.1. General

Electron Energy:
Mass Range:
Scan Tim~:

Injector T~m~rarw-e:
Source Tem~rature:

Transfer Line
Purge Flo\\:
Carrier Gas
Make-up Gas Flow:

70 volts (nominal)
35-300AMU
to give at least 5 scanslpeak. but not to exceed I
second/scan
2DO-250°C
According to manufacturer's specifications
Temperarure: 25D-300°C
40 mUminute
Flow: 15 mLiminute
25-30 mLJminute

10.2.2. Gas chromatograph suggested temperature program

10.2.2.1. HFB .·\nalysis

10.2.2.2. Sumpk \nalysis

Initial TC'm~raIure:

IniIi"ll Hllid Time:
1·<..·l11pcr~ltllrc Program:
Final I"t'mpt:'rature:

".... ·S<.."<.."l'n~1 r<.."rnperature
l·iIKI! 1l:IllIlr:r,Jtur~:

l7QOC

40·C
.;. minutes
&OOminut~

184·C
Program: ..10°C ·minut<.."
~40°C
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Final Hold Time:

10.3. Instrument Tuning

2.6 minutes
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10.3.1. Each GCIMS system must be hardv.-are-runed to meet the abundance criteria listed in
Table 10 for a maximum of a 50 ng injection or purging ofBFB. Analysis must not
begin until these criteria are met. These criteria must be met for each tv...elve-hour time
period. The twelve-hour time period begins at the moment of injection ofBFB.

10.4. Initial Calibration

10.4.1. A series of five initial calibration standards is prepared. and analyzed for the target
compounds and each surrogate compound. The calibration levels for a 5 mL purge are:
10.20, 50. 100. and 200 ~g/L. Cenain analytes are prepared at higher concentrations
due to poor purge perfonnance. Calibration levels for a 25 mL purge are 2. 5. 10. 30,
and 60 p.gIL. Again. some analytes are prepared. at higher levels. Tables 2. 4. and 17 list
the calibration levels for each anal~te.

10.4.2. It may be necessary to analyze more than one set ofcalibration standards to encompass
all of the analytes required for same tests. For example. the Appendix IX list requires
the Primary standard (Table 5) and the Appendix IX standard (Table 6).

10.4..3. Internal standard calibration is used. The internal standards are listed in Tables 7 and 15.
Target compounds should reference the nearest internal standard. In panicular. the
spec compounds bromoform and 1.1.2.2-tetrachloroethane reference c::hlorobenzene·
d5. not l.4-difluorobenzene. which was appropriate for packed column analysis.. ote
different internal standards are used for the method 8260A drinking water analyte list
(Appendix A). Each calibration standard is analyzed and the response factor (RF) for
each compound is calculated using the area response of the characteristic ions against
the concentration for each compound and internal standard. See equatil)n I. S~tion 12.
for calculation of response factor.

10.4.4. The % RSD of the calibration ch~ck compounds (CCC) must be less than 30°·0. Rd~r to
Tabk 12 fortheCCCs.

10.4.4.1. If nl..m~ of th¢ cecs arc: r¢quired analytes. project specific calibratilln
specitications must be agrttd \\ith the client. Otherwi~. all eec=, must me~t

th~ YO% cri(~rion.

10.4:5. Th~ a\"erag~ RF mu~ he cakulah..-d tor each compound. A system pert~,mlam:~~hf.,.'Ck is

made m:ior [0 using tht.' l:aJibr,.nilln CUI"\'e. The five system perfonnanl:t.' dl~~l..

compbund-.q spec I ar~ chl!Ckl:d for a minimum a\·eragt.' r~spon~ faL"wr. R...:I;':r (I LJ.hh:
Ii lilrthc SPCC l:01l\pounJs and r~quired minimum respons~ tactors.
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IOA.6.1fthe %RSD of> 80% of the analytes in the calibration is < 15%, then all analytes- -
may use average response factor for calibration.

10.4.6.1. If the software in use is capable of routinely reporting curve coefficients for
data valivation purposes, and the necessary calibration repons can be
generated. then the analyst should evaluate analytes v:ith %RSD > 15% for
calibration on a curve. If ifappears that substantially bener accuracy would be
obtained using quantitation from a curve (e.g. R2 >0.995) then the appropriate
curve should be used for quantitation.

10.4.6.2. Ifles~ than 80010 of the analyte~ :n the calibration have %RSD:::: 15%. then
calibration on a curve must be .:sed for all analytes with %RSD > 15%. The
analyst should consider instrument maintenance to improve the linearity of
response.

10A.7. Weighting of data points

In a linear or quadratic calibration fit. the points at the lower end of the calibration
curve have less weight in detennining the curve generated than points at the high
concentration end of the curve. Ho'\vever. in environmental analysis. accuracy at the
low end of the curve is very imponant. For this reason it is preferable to increase the
weighting of the lower concentration points. 1/Concentration2 weighting (often called
IIX! weighting) 'Aill improve accuracy at the low end of the curve and should be used
if the data system has this capability.

10.4.8. If time remains in the 12-hour period initiated by the BFB injection before the initial
calibration. samples rna) be analyzed. Otherwise. proceed to continuing calibration.

10.4.9. A separate five point calibration must be prepared for analysis of low le\'el soils. Each
standard is prepared as in Section 10.4.1. except that the standards are heated to ~O°C

for purging. Alllo\v-Ievel soil samples. standards. and blanks must also be heated to
40°C for purging. Medium soil extracts should be analyzed using the \vater (unheated)
calibration CUf'\C.

10.5. Continuing Calibralion: The initial calibration must be verified e\·ery [\..\·e!\·e hours.

10.5.1. Continuing calibrati()n lx:g.ins \\ ith analysis of BFB as described in Se~ti(ln 10.3. Ir the
system tune is acct:ptahk. the continuing calibration standard{s) are .:lnal~l.eJ. I"hc lc\d
3 calibration standard is lISl-d as the continuing calibration.

10.5.2. The RF data frnm \h,.: ~Iandards are compared \\;th the :.n-t:ragc RF from th~ initi:.d li\'~

point ~aJibration It\ d<':h:nninc the percent drift of the CCC compound:,. Th~ l."akulation
is gi\'en in t:quatil1ll -L "l."l."li~m 12.;.-L
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10.5.3. The % drift of the CCCs must be < 20% for the continuing calibration to be valid. The
specs are also monitored. The specs must meet the criteria described in Table 11. In
addition, the % drift of all anIalytes must be :s 50% with allo\\'allce for up to six larget
analytes to have % drift > 50%.

10.5.3. I. Ifnone of the CCCs are required analytes, project specific calibration
specifications must be agreed with the client. Otherwise. all CCCs must meet
the 20% criterion.

10.5.3.2. Cyclohexanone, one of the components of the Appendix IX standard. is
unstable in the calibration solution, fonning l.l-dirnethoxycyclohexane. No
calibration criteria are applied to cyclohexanone and quantitation is tentative.
Cyclohexanone is included on the Universal Treaunent Standard and FO-39
regulatory lists (but not on Appendix IX).

10.5.4. If the CCCs and or the SPCCs do not meet the criteria in Sections 10.5.3 and 10.5.4. the
system must be evaluated and corrective action must be taken. The BFB rune and
continuing calibration must be acceptable before analysis begins. Extensive corrective
action such as a different type of column will require a new initial calibration.

10.5.5. Once the above criteria have been met. sample analysis may begin. Initial
calibration average RFs (or the calibration curve) will be used for sample
qU3ntitation, not the continuing calibration RFs..A..nalysis may proceed until 1:;
hours from the injection of the BFB have passed. (A sample desorbed less than or
equal to 12 hours after the BFB is acceptable.)

11. PROCEDURE

11.1. Procedural Variations

11.1.1. One time procedural variations are allowed only ifdeemed necessary in the pH)fessional
judgment of supervision to accommodate variation in sample matrix. radioa..:tivity_
chemistry. sample siz~. or other parameters. Any \·ariation shall be completd~

documented using a Nonconformance Memo and appro..·ed by a Supervisor or group
leader and QA Manag~r. If conlractually required. the client shall be notified. The
Nonconformance Menw shall be filed in the project file.

11.1.2. Any unauthorized dc..-iatilm_" from this procedure must also be documented as a
nonc()nformanc~...\ ith a cau.~ and COffi.'Ctj\·e action described:

,..
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112.1. Where possible, samples are screened by headspace or GCJMS off-rune analysis to
determine the correct aliquot for analysis. Alternatively, an appropriate aliquot can be
determined from sample histories.

11.2.2. Dilutions should be done just prior to the GefMS analysis of the sample. Dilutions are
made in volumetric flasks or in a 5 or 25 mL Luerlok syringe. Calculate the volume of
reagent water required for the dilution. Fill the 5f25 mL syringe \...ith reagent water,
compress the water to vent any residual air and adjust the water volume to the desired
amount Adjust the plunger to the 5/25 mL mark and inject the proper aliquot ofsample
into the syringe. If the dilution required would use less than 5 III of sample then serial
dilutions must be made in volumetric flasks.

11.2.2.1. The diluted concentration is to be estimated to be in the upper half of the
calibration range.

11.3. Sample Analysis Procedure

11.3.1. All analysis conditions for samples must be the same as for the calibration standards
(including purge time and flo\.... desorb time and temperature. column temperatures.
multiplier setting etc.).

11.3.2. Sample Preparation Procedur~

11.3.2.1. Samples fall into thre~ general categories: waters. low-level soils. and mediwn
level soils or wastes. for waters and low-level soils. no sample preparation is
necessary. For thos~ soils which contain greater than 1 mg/kg of indi\'idual
purgeable compounds. a medium-level preparation is nec~ssary.

11.3.3..AJI samples must be anal:-"Zed as part of a batch. The batch is a set of up to 20 samples
of the same matrix proc~ssed using the same procedures and reag~nt5 \"ithin the: same
time period.. The batch also must contain a MS/MSD. a LCS. and a method blank,

11.3.3.1. If there is insuftici~nt time in th~ 12-hour tune period to analyze: 20 siJmpl~s.

the batch may ~ cl~ntinued into the next tune period. Ho\\"~v~r. if J.n~ rl,.·

tuning of the instrum":01 is n~c~ssa.r:. or if a period. of gre:at~r than~'" hl~Urs

from the prec~ding BFB tune has pass~(L a new batch must ~ 5tart~d. F(lr
medium k\'d snils th~ patch is ddined ut th~ sample ,preparation stag~.

11.3.3.2. ,.()n~ \r1S/\1S!) piJir J{l~S not Cllunt towards the ma'\imum 20 sampks in th~

. 'hatch. :\dditi\\nal clil,.'nt rl,.'qllest~d \-1S·tvISD sampl~s dl) ":OLlnt towards th~

maximum 20 sampl~....
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11.3.3.3. It is not necessary to reanalyze batch QC with reanalyses of samples.
However, any reruns must be as part of a valid batch.

11.3.4. Water Samples

11.3.4.1. All samples and standard solutions must be at ambient temperature before
analysis.

11.3.4.2. Fin a 5 or 25 mL syringe with the sample. If a dilution is necessary it may be
made in the syringe if the sample aliquot is ~ 5 ~L. Check and docwnent the pH
of the remaining sample. Record the volume to the nearest 0.1 mL

11.3.4.3. Add 250 ng of each internal and surrogate standard (10 ~L of a 25 ~g/mL

solution, referto Tables 7, 8,15 and 16). The internal standards and the
surrogate standards may be mixed and added as one spiking solution (this results
in a 50 ~gIL solution for a 5 mL sample. and a 10 J.lg/I.. solution for a 25 mL
sample). Inject the sample into the purging chamber.

11.3.4.3.1. For TCLP samples use 0.5 mL ofTCLP leachate with 4.5 mL reagent water
and spike ""ith 10 ilL of the 25 J.lglmL TeLP spiking solution.

11.3.4.4. Purge the sample for eleven minutes (the trap must be below 35Q C).

11.3.4.5. After purging is complete. desorb the sample. start the GC temperature program.
and begin data acquisition. After desorption. bake the trap for 5-10 minutes to
condition it for the next analysis. When the trap is cool. it is ready for the ne;.;1
sample.

11.3.4.6. Desorb and bake time and temperature are optimized for the type of trap in use.
The same conditions must be used for samples and standards.

11.3.5. Medium-Level Soil!Sedim~ntand \>/aste Samples

11.3.5.1. Sediments. soils and wastr.: that are insoluble in methanol.

11.3.5.1. J .Gently mix the l.:ont~n[s of the ~ple container Vo'ith a narrow metal or wt.xxi
spatula. Weigh ~ g (\\d \\I.:.:'ightl imo a tared \·ial. U~ a top-loading balance.
Record me v.,eight to 0.1 gmm. 00 not discard any supernatant liquids.

11.3.5.1.::!.Ouickl~ add 9 mi. ofmC'thanol.•lnJ I mL of surrogate spiking solution t\l
.... hring the final \'olume uf methanol to 10 mL For an LCS l)r \ItS, MSO



DtttrminatioD of Volatile Analytes by CaMS
Based on Mttbod 8140B and 8160A

SOP No. CORP-Ms.ooo2NC
Revision No. J.3
Revision Date: 09/12197
Page: 23 of 57

sample add 8 mL of methanol, 1 mL ofsurrogate spike solution, and I mL of
matrix spike solution. Cap the vial and vortex to mix thoroughly.

NOTE: Sections 11.3.5.1.1 and 11.3.5.1.2 must be perfOtlIled tapidly and
without interruption to avoid the loss of volatile organics.

11.3.5.2. Liquid wastes that are soluble in methanol and insoluble in water.

II.3.5.2.l.Pipet 2 mL ofthe sample into a tared vial. Use a top-loading balance. Record
the weight to the nearest 0.1 gram.

11.3.5.2.2.Quickly add 7 mL of methanol, then add I mL of surrogate spiking solution
to bring the fmal volume to 10 mL. Cap the vial and shake for 2 minutes to
ntix thoroughly. For a MSIMSD or LCS, 6 mL of methanol, 1 mL of
surrogate solution. and 1 mL of matrix spike solution is used.

11.3.5.3. Fill a 5 mL syringe \\;th 5 mL of reagent water. Add 100 J.lL (or less ifa dilution
is required) of methanol extract from the sample preparation in Section 11.3.5.1
or 11.3.5.2. Ifless than 5 j.1L of the methanol extract is required, then an
intermediate dilution is required. Add 10 ilL of the 15 IlglmL internal standard
solution. (Note that the combined internal standard/surrogate standard solution
is not used since surrogates have been added previously.) Inject the sample into
the purging chamber and proceed with the analysis as per Sections 11.3.4.4 and
11.3.4.5.

11.3.6. Low-Level Soils

11.3.6.1. This is designed for sampks containing individual purgeable compounds of < ~

mg/kg. It is limited to ::>oili'sedimem samples and v,·aste that is of a similar
consistency (granular and porous). Weigh 5 g of the sample into a tared purge
vessel. If a dilution i:: r~uired. a smaller sample amount can be analyzed. down
to a minimum of 0.5 g. Any soil sample requiring funher dilution must be run a-;
a medium-Ievd soil. .-\odd 5 ml. of reagent water to which 10 ilL of the ~5

~g1mL internal standard'surrogate standard solution has been added. Rt!(:ord

{he weiXh' {O {hI! nt!/ln'Sf fJ. / g. Proc~d v,;th the analysis as per Sections
11.3.4..+ and 11.3.4.5. :\I,He: L'p to 10 mL. of reagent water may be added Il\;J,

soil sample to increa$l: purg~ gas iml:raction with the sample. The initial
calibration curve and all smndanJs. blanks. and samples using thatlCAL musl
have the same amount of rei.1g~nt water added. The amount of internal
standards and 5urro~al": standards added \\ill n(H ~ changed.

11.4. Initial re ....·i~\\ and t:orret:tivc at:tion:,



Determination of Volatile Analytes by GCIMS
Based on Method 82408 and 8260A

SOP No. CORP·MS-0002NC
Revision No. 1.3
Revision Date: 09112197
Page: 24 of 57

11.4.1. If the retention time for any internal standard changes by more than 0.5 minutes from
the last continuing calibration standar~ the chromatographic system must be
inspected far malfunctions and corrected. Reanalysis of samples analyzed while the
system was malfunctioning is required. H

11.4.2. If the retention time of any internal standard in any sample varies by more than 0.1
minute from the preceding continuing calibration standard, the data must be carefully
evaluated to ensure that no analytes have shifted outside their retention time windows.

11.4.3. Internal standard response in each sample should be within 50% to 200% of the
response in the preceding continuing calibration standard.

11.4.3.1. Any samples that do not meet the internal standard criteria must be evaluated
for validity. If the change in sensitivity is a matrix effect confined to an
individual sample reanalysis may not be necessary. If the change in sensitivity
is due to instnunenta1 problems all affected samples must be reanalyzed after
the problem is corrected. In any event, the reason for accepting the sample
analysis must be docwnented. Some clients may require reanalysis of all
samples with internal standard criteria outside the 50-200% criteria.
Consideration should be given to reanalyzing at a dilution to reduce matrix
effects. It is only necessary to reanalyze once to confinn matrix effect.

11.4.4. The surrogate standard recoveries are evaluated to ensure that they are within limits.
Corrective action for surrogates out of control will normally be to reanalyze the affected
samples. However, if the surrogate standard response is out high and there are no target
analytes or tentatively identified compounds. reanalysis may not be necessary. Out of
control surrogate standard response may be a matrix effect It is only necessar;.· to
reanalyze a sample once to demonstrate matrix effect. but reanalysis at a dilution should
be cansiderea.

11.5. Dilutions

If the response for any compound ~xceeds th~ "....orking range of the GCiMS system. a
dilution of the extract is prepared and analyzed. An appropriate dilution should be in the
upper half of the calibration range. Samples ma~ ~ screened to determine the
appropriate dilution for the initial run. If the initial diluled run has no hits or hits bdo\\
::oo~ of the calibration range and th~ matrix alhm s tor analysis at a lesser dilution. then
(he sample must be reanalyzed at a dilution ti..lrg~[ed to "ring the largest hit alx)\'~ 50% of

the calibration rang~.

11.5.1. (iuidance for Dilutions Due to Malrix
".
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If the sample is initially run at a dilution and the baseline rise is less than half the
height of the peaks in the level 3 standard, then the sample should be reanalyzed at a
more concentrated dilution.

115.2. Reporting Dilutions

The most concentrated dilution with no target compounds above the calibration range
will be reported. Other dilutions will only be reported at client request.

12. DATA ANALYSIS AND CALCULAnONS

12.1. Qualitative identification

An analyte is identified by retention time and by comparison of the sample mass
spectrum with the mass spectrum of a standard of the suspected compound (standard
reference spectrum). Mass spectra for standard reference may be obtained on the user's
GCIMS by analysis of the calibration standards or from the NIST Library. Two criteria
must be satisfied to verify identification: (1) elution of sample component at the same
GC retention time as the standard component: and (2) correspondence of the sample
component and the standard component characteristic ions. (Note: Care must be taken to
~nsure that spectral distortion due to co-elution is evaluated.)

• The sample component retention time must compare to ......ithin == 0.2 min. of the
retention time of the standard cornpon~nt. For reference. the standard must be run
within the same twelve hours as lhe sample.

• All ions present in the standard mass spectra at a relative intensity greater than
10% (most abundant ion in the spectrum equals 100%) should be present in the
sample spectrum.

• The relative in[ensilies of ions should agree to '\vithin ±30% be[ween the standard
and sample spectra. (Example: For::ln ion with an abundance of50% in the
standard spectra the corresponding :-wlmph~ abundance must be between 20 and 80
percent.)

12.1.1. If a compound cannot be verified b~ all lh~ aoo\·e criteria. but in the technical
judgment oftht: analyst. the identification is I.:lllTt:l.:L tht:n the analyst shall repon that
identification and proceed with quan(i(ati~m.

I~.~. orcntativdy Identifiec! Compounds (T!C·s I

I:.~. [. If [he dienl requests l.:OmponenlS nl)! a~S<'l:i~uI.:J \\ ith [he calibration standards. a sc::arch
(If thc::-NIST library rna: tx: madt: !()r th... pUrp..I;-.< Ilf l~nliJ(i\"t: iJentitil.:ation of ullllon-
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target peaks eluting within one minllfe after the elution time ofthe last target compound
(excluding the internal and surrogate standards). Guidelines are:

12.2.1.1. Relative intensities of major ions in the reference spectrum (ions> 10% ofthe
most abundant ion) should be present in the sample spectrum.

12.2.1.2. The relative intensities of the major ions should agree to within 20%. (Example:
If an ion shows an abwuiance of 500.10 in the standard spectrum, the
corresponding sample ion abundance must be between 30% and 70%).

12.2.1.3. Molecular ions present in the reference spectrum should be present in the
sample spectrum.

12.2.1.4. Ions present in the sample spectrwn but not in the reference spectturn should be
reviewed for possible backgroWld contamination or presence of coeluting
compounds.

12.2.1.5. Ions present in the reference spectturn but not in the sample spectturn should be
reviewed for possible subtraction from the spectrum because of background
contamination or coeluting peaks. (Data system reduction programs can
sometimes create these discrepancies.)

12.2.1.6. Computer-generated library .search routines should not use normalization
routines that would misrepresent the library or unkno..."n spectra when compared
10 each other. Only after visual inspection of the sample v.ith the nearest library
searches should the analyst assign a tentative identification.

12.3. Calculations.

12.3.1. Response factor (Rf):

Equation 1

RF= AxC.
A.ex

Where:

A.\ = Area of the characteristic ion t~lr the t.:ompound to be m~asured

A ... = Area ofth~ characteristic ilm f(lf thl,.· s~citic int~mal standard

'.
·'t".:I: Cl,}nccntrarinn of the specilit.: inl~rn;\1 standard. ng:



Determination or Volatile Analytes by COMS
Based on Method 8240B and 8260A

SOP No. CORP-MS-0002NC
Revision No. 1.3
Revision Date: 09/12197
Page: 27 of 57

ex = Concentration of the comJXlUDd being measured.,. ng

12.3.2. Standard deviation (SD):

Equation 2

SD= f(Xi-X)'
i_I N - I

X,= Value ofX at i through N

N =Number of points

X = Average value ofX/

12.3.3. Percent relative standard deviation (%RSD):

Equation 3

%RSD = Standard Deviation x 100

REi

RF; = Mean of RF values in the curve

11.3.4. Percent drift. beN.:een the initial calibration and the conlinuing calibration:

Equation 4

• D·f Ct"I'«.td - Cround 00Yo nt= xl
Ct1p«1td

\Vhere

CnpcclK =KnO'Wll concentration in standard

Cr....... = Measured concentration using ~Iet;lcd quantitation method

I~.35. Targ~t compound and surrogate concenm.ui~ms:

C(lncentrations in the sample may he dt:temlilled (wm linear or second Mder <qt:adratic)
Cllr\'l,.' fined to the initial calihration p\lint~, t'r thml the <l\"t:rage-respollst: factor \lfthe
initial calibration points, A\\:ragc- n.."Spons....· la,,:hlr ma~ onl~ be used \\'hcn the 0'0 RSD l)f

tht: n:sponSl: factors in the initial calibro.li~'n is _ 15l\!I.
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12.3.5.1. Calculation ofconcentration using Quadratic fit

Equation 5

Concentration pg I L = A +Bx +er1

x is defined in equations 8, 9 and 10

A is a constant defined by the intercept

B is the slope of the curve

C is the curvature

12.3.5.2. Calculation ofconcentration using Linear fit

Equation 6

Concentration pg I L = A + Bx
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12.3.5.3. Calculation ofconcentration using Average Response Factors

Equation 7

Concentration pg I L = x
RF

I:!.3.5A. Calculation ofx for Water and water-miscible waste:

Equation 8

(A,)II,)(D/),-
. - (A,,)(V.)

Where:

.' = Area of characteristic ion for the compound being measured (secondary
ion quantitation is allowed only when there are sample interfer~nces ..."ith the
primary ion)

.-\;,. = Area ofrhe characteriStic ion for th~ internal standard

I, = Amount of internal standard added in ng

. " Total \"olumc pUT!!cd (Oll,
Dilution Factor =Dl = ._':"_._-~._-

Volume ofori~inal :'>:lmpk useu (OlL!

V. =Volum< of "-at<r purged. ml_
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12.3.5.5. Calculation ofx for Mediwn level soils:

Equation 9

x = -,-,(A.=.)",(L",)-'-.(V-"'),,,(l:;:.OO,-,O"-,)(D=,)
(A;,)(V.)(W,)(D)

Where:

A.., 1." D" ". same as for water.

v, = Volume of total extract, mL (Typically 10 mL)

Va:: Volume ofextract added for purging. H.L

w~ :: Weight of sample extracted. g

D:: 100· %moisture

100

12.3.5.6. Calculation ofx for Low le\'el soils:

Equation 10

x = ---:(...,.'\:,:,)('-,1,-,::),...,
(A,,)(W,)(D)

A,. I,. A..., same as for water.

o is as for medium level soils

W, ::c \"'"eight of sample added to the purge \"~ssd. :;
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12.3.5.7. Calculation of TICs: The calculation ofTICs (tentatively identified compounds)
is identical to the above calculations mth the following exceptions:

A..,. = Area in the total ion chromatogram for the compound being measured

A;. = Area of the total ion chromatogram for the nearest internal standard
mthout interference

RF = I

In other words, the concentration is equal to x as defined in equations 8. 9 and
10.

12.3.6. MSIMSD Recovery

Equation 11

Matrix Spike Recovery, % = SSR~ SR x 100

SSR = Spike sample result

SR = Sample result

SA = Spike added

I::!.3.7. Relati\"e % Difference calculation for the MSIMSD

Equation 12

MSR-MSDRj
RPD = x 100

1
2

(MSR + MSDR)

Where:

RPO '" Rdati\"e percent difference

:'i'SR :: Matn:" spike result

.VISOR ~ \<1alri:" spike duplicate result
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13.1. Method Detection Limit
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Each laboratory must generate a valid method detection limit for each analyte of interest.
The MOL must be below the reporting limit for each analyte. The procedure for
determination of the method detection limit is given in 40 CFR Pan 136. Appendix B.
and further defined in QA Policy #: QA-005.

13.2. Initial Demonstration

Each laboratory must make a one time initial demonstration of capability for each
individual method. Demonstration of capability for both soil and water matrices is
required. This requires analysis of QC cbeck samples containing all of the standard
analytes for the methot:. For some tests it may be necessary to use more than one QC
check mix to cover all analytes of interest. The QC check sample is made up at 20 Ilg/L.
(Some compounds will be at higher levels, refer to the calibration standard levels for
2uidance.)

13.2.1. Four aliquots of the QC check sample are analyzed using the same procedures used to
analyze samples. including sample preparation.

13.2.2. Calculate the average recovery and standard deviation of the r~co\"ery for each analyte
of interest. The %RSD should be :5 15% for each analyte. and the % recovery should
be \\-ithin 80-120%.

13.~.3. If any analyle does not meet the acceptance criteria. check the acceptance limits in the
reference methods (Table 6 of method 82408. paragraph 8.3,5 of method 8260A). If
the recovery or precision is outside the limits in the reference methods. the test must
be repealed. Only those anal::-1es that did not meet criteria in the first test need to be
~\"aluated. Repeated failure for any analyte indicates the need for the laboratory to
e\'aluate the anal~ tical procedure and ".ake corrective action.

13.3. Training Qualitir.::ation

rh~ gn>up·t~am leader has the responsibility to ensure thaI this pr,x;o;:t!ure is performt::d by
an anal~~l \\h\) has hc~n properly trained in its usc:: and has tht: rl.'\lUired .:;qxri~nce.

I~. POLLl"T10."Ii PREVE"liTlOi\

1.+.1. fhis nk"thuJ Ul'k.:'i mil ~l\fltaill any specific moditicatiolls that S4,.';'"\:': III minimize t,lr preyent

pnIlUlil':l ... "'.



Det~rmiDation ofVoIatiJe ADalytes by GClMS
Bas~d on M~thod 82408 aDd 8260A

15. WASTE MA.lI/AGEMENT

SOP No. CORP-MS-0002NC
Revision No. 1.3
Revision Date: 09/\2197
Page: 32 of 57

15.1. Waste generated in the procedme must be segregated and dispo~ according to the facility
hazardous waste procedures. The Health and Safety Director should be contacted if
additional infonnation is required.

16. REFERENCES

16.1. SW846. Tesr Merhodsjor Evaluating Solid Wasre, Third Edition, Gas Chroma
tographylMass Spectrometry for Volatile Organics, Method 82408, Update II, September
1.994.

16.2. SW846. Tesr Merhadsjor Evaluating Solid Waste, Third Edition, Gas Chroma
tographylMass Spectrometry for Volatile Organics. Method 8260A, lipdate II, September
1994.

17. MISCELLANEOUS

17.1. Modifications from the reference method

17.1.1. Method 8240B has been modified in this SOP to use capillary columns rather than the
packed columns listed in the reference method. This provides improved separation of
the target analytes and improved detection limits.

17.1.2. Ion 119 is used as the quantitation ion for chlorobenzene-d5 for 25 mL purge tests.

17.1.3. Th~ internal standard control criteria of 50% to 200% is applied to ~ach sample.
rather than the subsequent continuing calibration standard as recommended in the
ret~rence method.

17.1.4..-\ retention time window of 0.2 minutes is used for all components. since some data
:iy~,;tt:ms do not have the capability of using the relati ....e retention time units specified
in the rel~rt:nce method.

17.1.5. Tho.' 4uantitation and qualifier ions for some compounds haw het:n changed from
thllSI.: recommended in SW-846 in order to improv~ tht r~liabilit~ of qua1itati\ e
id~nlilicati{m.

17.1.6. \-iI.:thoJ X260A rtcommc-nds that the purge \'essel is run throllgh;ln aJditional purge
L':~l;k ~Ii.:r 2:' ml. sample analysis 10 remove caIT)'o\·er. Instt:ad. purgc \'essds are
P\cll ~~IJ...CU ht:tween analys~s or disposable vessels are useu {me time onl~.
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17.1.7. Matrix spikes and surrogates are spiked at the levels specified in methods 3500 and
5030.

17.1.8. SW-846 recommends thaI a curve be used for any analyles with %RSD of the
response factors> 15%. However, some industry standard data systems and fonns
generation softvv-are cannot report this data with the necessary information for data
validation. In addition most software available does not allow weighting of the curve.
Unweighted curves may exibit serious errors in quantitation at the low end. resulting
in possible false positives or false negatives. Therefore, this SOP allows the use of
average response factors of80% if the analytes have %RSDs:::: 15%.Modifications
from previous revision

17.1.9. If at least 80% of the analytes in the initial calibration have %RSD < 15%, average
response factor calibration may be used for all analytes.

17.2. Facility specific SOPs

Each facility shall anach a list of facility-specific SOPs or approved anachments (if
applicable) which are required to implement this SOP or which are used in conjunction
with this SOP. Ifno facility specific SOPs or amendments are to be attached. a statement
must be anached specifying that there are none.

17.3.

'.
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Flow diagrams

17.3.1. Initial Demonstration and MDL
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Reporting Limits I

CAS 5 mL Water 25mL Low soil Med. Soil
Compound Number ~g/L water ~g/L ~g/kg ~g/kg

Dichlorodifluoromethane 75-71-8 10 2 IO 1200

Chloromethane 74-87-3 10 2 IO 1200

Bromomethane 74-83-9 IO 2 10 1200

Vinyl chloride 75-01-4 IO 2 10 1200

Chloroethane 75-00-3 IO 2 IO 1200

Trichlorofluoromethane 75-69-4 IO 2 IO 1200

Acrolein 107-02-8 100 20 100 12000

Acetone 67-64-1 20 10 20 2500

Trichlorotrifluoroethane 76-13-1 5 I 5 620

Ethanol 64-17-5 500 200 500 62.000

lodomethane 74-88-4 5 I 5 620

Carbon disulfide 75-15-0 5 I 5 620

Methylene chloride 75-09-2 5 I 5 620

tert-Butyl alcohol 75-65-0 200 50 200 25.000

I.I-Dichloroethene 75-35-4 5 I 5 620

I.I-Dichloroethane 75-34-3 5 I 5 620

trans-I,2-Dichloroethene 156-60-5 2.5 0.5 2.5 310

Acrylonitrile 107-13-1 100 20 100 1:2000

Methyllerr-butyl ether (MTBE) I634-04-l 20 5 20 2500

Hexane 110-54-3 5 I 5 620

cis-I.2-Dichloroethene 156-59-2 2.5 0.5 ? - 310_.)

1.2-Dichloroethene (Total) 540-59-0 5 I 5 620

Tetrahydrofuran 109-99-9 :20 5 20 2500

Chloroform 67-66-3 5 I 5 620

1.2-Dichloroethane 107-06-2 5 I 5 620

Dibromomethane 74-95-3 5 I 5 620

2-Butanone 78-93-3 20 5 20 2:'110

lA-Dioxane 123-91-1 500 200 500 62000

1.1.1-Trichloroethane "71-55-6 5 I 5 620

Carbon tetrachloride I ~6-2:;-5 5 I 5 620

Bromodich loromerhanc 75-27-~ 5 I , :' - 6~O

1.2-Dichloropropane 78-87-5 :' I " 620

,I cis-l.3-Dichloropropcn-: ,i", 111061-01-5 :' 1 " 620 ---j"

Trich loroerht:ne ~9-0 1-6 :' I " ()20I
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Table I

Quanterra Pl'"imar)' Standard and Reporting Limits

SOP No. CORP-M5-0002NC
Revision No. 1.3
Revision Date: 09/12197
Page: 36 of 57

Reporting Limits'

CAS 5 mL Water 25mL Low soil Med. Soil
Compound Number pgJl. water J.lg/L J.lglkg J.lgtkg

Dibromochloromethane 124-48-1 5 I 5 620

1,2-Dibromoethane 106-93-4 5 I 5 620

I .2,3-Trichloropropane %-18-4 ; I 5 620

1.1,2-Trichloroethane 79-00-5 ; I 5 620

Benzene 71-43-2 ; I 5 620

Elhylmethacrylate 97-63-2 5 I 5· 620

trnnS-I,3-Dichloropropene 10061-02-6 ; I 5 620

Bromoform 75-25-2 ; I 5 620

4-Melhyl-2-pemanone 108-10-1 20 5 20 2500

2·He:tanQne ;91-78-6 20 5 20 2500
Tetrachloroethene 127-18-4 5 1 ; 620

Toluene IOS-g8-3 ; 1 5 620

1.1,2.2-Tetrachloroethane 79-34-5 5 I ; 620

2-Chloroethyl vinyl ether 110-75-8 NJA: N/A ;0 6200

Vinyl acetate 108·05-4 10 2 10 1200

Ch lorobenzene 108-90-7 5 1 ; 620

Ethylbenzene 1()().41-! 5 1 5 620

Styrene 100-42·5 ; 1 5 620

t-IA-Oichloro-2-butene 110-57·6 5 1 ; 620

m and p Xyienes :2..5 0.5 2.5 . 310

~xylene 9547-6 ' - 0.5 2.5 310_.~

Total xylenes 1330':~0-7 5 I 5 620

1.3-Dichlorobenzene 541-73-1 5 I 5 610

lA-Dichlorobenzene 106-J6-7 5 1 ; 6'0

1.2-0ichlorobenzene 9:'-50-1 5 1 5 610

Reponing limits lisled for soiLsedimenl are baSotJ on \\c[ weight The reponing limits calculated by the laboralOry for <;oil S\'uill1otnt.
calculated on dry weight basis. will be higher.

2-Chloroethyl ...in~ Iether cannot be reliahl~ reco\ o:rcJ from <ll.:iJ presotrved samples
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Table 2

SOP No. CORP-MS-0002NC
Revision No. 1.3
Revision Date: 09112197
Page: 37 of 57

Quanteml Primary Standard Calibration Levels, 5 mL purge l

Calibration Level uglL

Compound level I Levell Level 3 Level 4 Level 5

1,2-Dichloroethane4l (Surrogate) 10 20 50 100 200
Toluene--d8 (Surrogate) 10 20 50 100 200
4-Bromofluorobenzene (Surrogale) 10 20 50 100 200
Dichlorodifluoromethane 10 20 50 100 200
Chloromethane 10 20 50 100 200
Bromomethane 10 20 50 100. 200
Vinyl chloride 10 20 50 100 200

Chlorodhane 10 20 50 100 200
Trichlorofluoromethane 10 20 50 100 200
Acrolein 100 200 500 1000 2000
Acetone 10 20 50 100 200
Trichlorooifluoroethane 10 20 50 100 200

Ethanol 500 1000 5000 10,000 20.000
lodomethane 10 20 50 100 200
Carbon disulfide 10 20 50 100 200
Methylene chloride 10 20 50 100 200
left-Butyl alcohol ,00 400 1,000 2.000 4.000
I.I-Dichloroethene 10 20 50 100 ,00

1.I-DichlorOt:thane 10 20 50 100 200
trans-l.2-Dichloroelhene 10 20 50 100 200
Acrylonitrile '00 200 500 1.000 2.000
Methyl terr-buryl ether (MTBE) 10 20 50 100 200
Hexane 10 ,0 50 100 ,00

cis- 12·Dich loroethene 10 ,0 50 100 ,00

Tetrahydrofuran '0 ,0 50 100 200
Chloroform 10 ,0 50 100 ,00

1.2-Dichloroethane '0 20 50 100 100

Dibromomelhane ", 20 50 100 ,00

2-BuEanone '" 20 50 '00 ~OO

I.-I-Dioxane 500 III()() 2.500 5.000 10.000

1.1.1-Trichloroelhane ", 20 50 100 ,00

Carbon teuachlorid< ", ~o 50 100 200
Bromodich loromo:thane ,,, 20 50 100 200
1.2-Dichloropropan< , '" I 20 50 100 ~O(J

CIS· [ .3- Dlch loropm!'iene '" I 20 50 100 2()O;
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Table 2

Quanterra Primary Standard Calibration Levels, 5 mL purge l

..
Calibration Level ugIL

Compound Levell Level 2 Level 3 Level 4 LevelS

Trichloroethene 10 20 50 100 200
Dibromochloromethane 10 20 50 100 200
1,2-Dibromoethane 10 20 50 100 200
1.2,3-Trichloropropane 10 20 50 100 200
I.I,2-Trichloroethane 10 20 50 100 200
Benzeno 10 20 50 100 200
Ethylmethacrylate '0 20 50 100 200
trans-1,3-Dichloropropene 10 20 50 100 200
Bromoform 10 20 50 100 200
4-Methyl·2-pentanone 10 20 50 100 200
2-Hexanone 10 20 50 100 200
Tetrachloroethene 10 20 50 100 200
Toluene 10 20 50 100 200
1.1;z.;l·Tetrachloroethane 10 20 50 100 200

. 2-ehloroethyl vinyl ether 20 40 100 200 400
Vinyl acewe 10 20 50 100 200
Chloroben2ene 10 20 50 100 200
Ethylbenzene 10 20 50 100 200
Scyrene 10 20 50 100 200
t-I,4-Dichloro-2-butene 10 20 50 100 200
m and p Xylenes 20 40 100 200 400

o-xylene 10 20 50 100 200

1.3-Dichlorobenzene 10 20 50 100 200
I ,4-Dichlorobenzene 10 20 50 100 200
1,2·Dichlorobenzene 10 20 50 100 200

I Levels for 25 mL purge are 5 times lower in all cases

'.
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Table 3

SOP No. CORP-M$-OOO2NC
Revision No. 1.3
Revision Date: 09/12197
Page: 39 of 57

Quanterra Appendix IX Standard and Reporting Limits, 5 mL p·urge'

CAS Reporting Limits

Compound Numb<>" 5 mL Water 25mL Low Soil Medium Soil
.glL waler ~gIL ~glkg IlglmL

Allyl Chloride I07..()5· 1 10 2 10 1200
Acetonitrile 75-05-8 100 20 100 12.000
Dichlorofluoromethane 10 2 10 1200

Isopropyl ether 108-20-3 50 10 50 6200

Chloroprene 12&-99-8 5 1 5 620

n-ButanOl 71-36-3 200 5<l 200 25.000

Propionioile 107·12-0 20 4 20 2500

Methacryloniuile 126-98·7 5 1 5 620

lsobutanol 78·83-1 200 50 200 25.000

Methyl methacrylate 80-62-6 5 1 5 620
1.1,1.2-Tetrachloroethane 630-20-6 5 1 5 620

12-Dibromo-3-chloropropane 96-12-8 10 2 10 1.200

Ethyl ether 6Q..29-7 10 2 10 1.100

Ethyl Acetate 141-78-6 20 4 20 2500

2·Niuopropane 79-46-9 10 2 10 1'00
Cydohexanone 108--94-1 N'A: NJA: N/A: NJA:

lsopropylbenzene 98-82-8 5 1 5 620

, Levels for 25 mL purge are 5 limes lower in all cases

: Cydohexanone decomposes 10 l.I-dimemoxycycloh;::.;ane in rnethanolic solution. Reporting limits cannOt be .Jccurat~ly

detelTTlined.
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Table 4

Quanterra Appendix IX Standard Calibration Levels, p.gIL

Compound Level I Level 2 Level 3 Level 4 Level 5

Allyl Chloride 10 20 ;0 100 200

Acetonitrile 100 200 500 1,000 2,000
Dichlorofluorornethane 10 20 50 ,00 200
Isopropyl ether 50 100 250 500 1,000
Chloroprene 10 20 ;0 100 200

n·Buta8ol 200 400 1.000 2,000 4.000

Propionitrile 20 40 100 200 400
Methacryloniaile 10 20 50 100 200
lsobutanol 200 400 1,000 2,000 4.000
Methyl methacrylate 10 20 50 100 200
1,I.l.2-Tetrachloroethane 10 20 50 100 200
12-Dibroml>3-chloropropane 20 40 100 200 400

Ethyl ether 10 20 50 100 200
Ethyl Acetate 20 40 100 .200 400
2.NitrOpropane 20 40 100 200 400

Cyclohexanone 100 200 500 1.000 2.000

lsopropylbenzene 10 20 50 100 200
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Revision No. 13
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TableS

Reportable AnalyttS far QU3Dterra Standard Tests, PrimarY Standard.
CAS Quanl<ml TCLP TCL Appendix UTS

Compound Number Standard IX
List

Dichlorodifluoromethane 75-71-8 X X
Chloromelhane 74-87-3 X X X X
Bromomelhane 74-83-9 X X X X
Vinyl chloride 75-01-4 X X X X X
Chloroelhane 75-00-3 X X X X
Trichlorofluoromethane 7~9-4

.
X X

Acrolein 107-02-8 X X
Acetone 67-64-1 X X X X
Trichloroaifluoroethane 76-13-1 X
Ethanol 64-17-5

lodomethane 74-88-4 X X
Carbon disulfide 75-15-0 X X X X
Methy~ne chloride 75-09-2 X X X X
ten-Budyalcohol 75-65-0

I.I-Dichloroethene 75-35-4 X X X X X
l.l-Dichloroethane 75-34-3 X X X X
trans-l.2-Dichloroethene 156-60-5 X X X X
Total dichloroethene X X X X
Acrylonitrile 107-13-1 X
Methyl/en-buryl ether 1634-Q4-4
("TBE)
Hexane 11Q.54-3

cis-12-Dichloroethene 156-59-2 X X

Teuahydrofuran 109-99-9

Chlorofonn 67-66-3 X X X X X

12-Dichioroethane 107-06-~ X X X X X.
Dibromomethane 7-l-Q5-3 X X

:>Butanone 78-Q3-3 I X X X X X

l.-l-Dio:une 1~3-91-1 I X X

I.1 .1-Trich loroelhanc 71-55-6 .\ .\ X X

Carbon lelJ'achloridt ~6-:23-5 , .\ .\ X X X

Bromodlchloromelhanc 75-~7-1 ,X .\ X I X,
1.:':·Dichloropropane 78-87-5 .\ ,X X i X

0.: is-I ..~-[ )ich1\lropmp..:n<: 10061-01- .\ I .\ X I X ~I

•
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Table 5

Reportable Analvtes (or Quanterra Standard Tests, Primal)' Standard.
CAS Quamel'Ta TCLP TeL Appendix UTS

Compound Number Standard IX
US!

5

Trichloroethene 79-01-<5 X X X X X

Dibromochloromethane 124-48-1 X X X X

1.2-Dibromoethane 106-93-4 X X

1.2.3-Trichloropropane 96-18-4 X X

1.1,2-Trichloroethane 79-00-5 X X X X

Benzene 71-43-2 X X X X X

Ethylmethacrylate 97-63-2 X X

tJ'anS.1.3-Dich loropropene 10061-02- X X X X
6

Bromoform 75-25-2 X X X X

4-Methyl-2-pentanone 108-10-1 X X X X

2-Hexanone 591-78-6 X X X

TeO'aCh loroe:thene 127-18-4 X X X X X

Toluene 108-88-3 X X X X

1.122-Tetrachloroethane 79-34-5 X X X X

2-Chloroethyl vinyl ether 110-75--8

Vinyl acetate I 108-05-4 X

Chlorobenzene 108-90-7 X X X X X

Erhylbenzene 100-41-4 I X X X X

Styrene 100-42-5 X X X

1-IA-Dichlonr 2-butene 11Q.57-6 X

m and p Xylenes X X X X

o-xylene 95-47-6 X X X X

Total xylenes 1330.20-7 X I X X X

1.3-Dichlorobenzene 541-73-1

1.-l-Dichlorobenzene 106-46-7

I.~-Dichlorobenzene 95-5Q.1 I

'.
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Table 6

SOP No. CORP-M$.OOO2NC
Revision No. ).3

Revision Date: 09/12197
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Reportable Anal)1es for Quantern: Standard Tests, Appendix IX standard

Compound Number QuamerTa TCL? I TCL Appendix UTI
Slalldard IX

List

Allyl Chloride 107-oS-) X

Acetonitrile 7,..QS·8 X X

Dichlorofluoromethane 75-43-4

Isopropyl ether 108·20-3

Chloroprene 12~99-8 X

n-Buranol 71-36-3

Propioniaile 107-12-0 X

Methacrylonitrile 126-98-7 X X

lsoburanol 78-83-) X X

Methyl methacrylate 80-62-6 X X

1.1.12-Tetrachloroethane 630-20-6 X X

12-Dibromo-3-chloropropane 96-12-8 X X

Ethyl ether 60-29-7 X

Elhyl ACet8.le 141-78-6 X

2-NitrOpropane 79-46-9

Cydohexanone 108-94-1 X

lsopropylbenzene 98-82-8
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Table 7

Internal Standards

SOP No. CORP·MS-0002NC
Revision No. 1.3 •

Revision Date: 09/12197
Page: 44 of 57

Standard Concentration Quantitalion ion Quantitation ion

!Jg!mL (5 mL purge) (25 mL purge)

Bromochloromethane 25 128 128

1.4-Difluorobenttne
,. 114 114-,

Chlorobenzene d.5 ," 117 119-,

Notes:

I) 10!JL of me intemal standard is added to me sample. This results in a concentration ofeach internal in the sample of

50!Jg.L for a 5 mL purge or I0 ~gI1.. for a 25 mL PW&e.

:2) E:xcepl for medium level soils, me surrogate and intemal standards may be combined in one solution.

Table 8

Surrogate Siandards

Surrogate Compounds

I
Standard

Concentration !Jg:mL

1.1-Dichloroethane-d. 15

Toluene-d, :!5

4~Bromofluorobenzene :!5

~Otei.

I, 10!-ll of me surrogate standard is added 10 the sample. This n.:~uhs in it concenrralion ofeach surrogate in me sample of
50!Jg l (or 35m l purge Qr 10 !J.g/l for a :25 mL purge.

21 h"::epIl0r medium level soils. the surrogate and imemal standards ma~ be combined in OM iOlution.

~ I K~':~', e~ limits for iurrogates are generated from historical data anJ ~n: m;Jl1uained t-~ the Q.-\ depanmem.
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Table 9

Matrix Spike I LCS Compounds

SOP No. CORP·MS-0002NC
Revision No. 1.3
Revision Date: 09:12'97
Page: 45 of57

Compound Standard Concentration !Jg hnL

1.1-Dicbloroethene 25

Trichloroethene '".,
Toluene 25

Benzene 25

Chlorobenzene 25

Notes:

I) 10 IJL of the standard is added to the LCS or matrix spiked sample. This results in a concentration ofeach spike analyte
in the sample of50Jlg.'l... for a 5 mL purge or 10 Jlg/l for a 25 mL purge.

2) Recovery and precision limits for LCS and MS/MSD are generated from historical data and are maintained by the QA
dedamnenl.

Table 10

oFB Key Ion Abundance Criteri2

Mass Ion Abundance Criteria

:'0 1~'o to 4~'o of Mass Q:,

75 30°. to 60°. 01 Mass 95

95 Base Peak. 1()()O/o Relative Abundance

% ~O,IO 90. oi "'lass 95

173 los Than :!',of~ass I"l'J

17. Grea(~rThan 500.ofMass 95

175 5',(0 9'., of "'Ia<;s 17J

176 Greater Than Q5'o, But t.~ss Than 101°, of Mass 17J

,.- :'V.,llll}O"Or"\-lass I if:,, ,

\ .>1... Tlk! Tar"" 'I .'(~/'''·(Ir.. III U'i¥ In Ih.: I"buruw"y IislS Ihe U,"C<!PIUII~·.· ,·n".,.i<l /•.r II/tI.'_, ! -IS Wi ··95.1}() - 1() / (I/I.,{wUS...

I-.J III tit.. ,-\','m 'h<.ll ,h.,- ,-J_I -" rutio ruund.. to 1(}I.fJlr~ the BFS '11.1) ""I i"f\'.·III~-' ,;,~. mdhod ..:,-itl!riu, ..lilt! nIt(!·

.,,,/ ;.... fl.,.'C:cd 11._ !.IfIt/lJ: "" tllf: T"'-/lel rtIro'-I,
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Table 11

SPCC Compounds and Minimum Response Factors

SOPN~CORP-M~NC

Revision No. 1.3
Revision Date: 09/12197
Page: 46 of57

Compound 8240B 8260A
Min.RF Min.RF

Chloromethane 0.300 0.100

1,1·0ichloroethane 0.300 0.100

Bromofonn >C.loo >C.IOO

1,1 ).)..Tetrachlo~thane 0.300 0.300

Chlorobenzene 0.300 0.300

Table 12

CCC compounds

Compound Max. ~oRSD from Initial Calibration Max. %0 for continuing
calibration

Vinyl Chloride <30.0 <20.0

l.l-Dichloroethene <30.0 <20.0

Chloroform <30.0 <20.0

I.l-Dichloropropane <30.0 <20.0

Toluene <30.0 <10.0

Ethylbenzene <30.0 <20.0

Table 13

Char.acteristic ions

Compound

Bromochlorom~(hane (Internal Standard)

12·Dichk\r~than~-d, (Surrogate)

Vin~ l.:hINiJ.:

Chlofl.,;th;IO~·

.\crokin

Primar: ~

[28

65

8:'

50

••
101

96

••
101

8·

<>1

T~iary

130.51

:'0. IOLl03

61

7•

••



Determination of Volatile Analytes by GClMS
Based on Method 82408 2nd 8160A

T2ble 13

Chal"2eteristic ions

SOP No. CORP-M5-0002NC
Revision No. 1.3
Revision Date: 09112197
Page: 47 of57

Compound Primary· Secondary Tertiary

lodomethane 142 127 141
Carbon disulfide 76 78
Trichlorooifluoroethane 151 101 153
Ethanol 45 46
Acetone '" 58,>

Methylene chloride 84 49 51,86
ten-Butyl alcohol 59 74
trans-12-Dichloroethene 96 61 98
Acrylonitrile 53 "' 51,-
Methyl ten butyl ether 73

Hexane 57 43
I.I-Dichloroethane 63 65 83
cis·) ?-Dichloroethene 96 61 98
2-Butanone 43 72··

Tetrahydrofuran 42 71
Chloroform 83 85 47
1.2-Dichloroethane 62 64 98
Dibromomethane 93 I 174 95.172.176
lA-Dioxane 88 58
IA-DifluOfobenzene (Internal Standard) 114 63 88
Vinyl acetate 43 86
I. I.1·Trichloroethane 97 09 117
Carbon tetrachloride 117 119 111
Benzene 78 52 77

Trichloroethene 130 05 97.132
I.l-Dichloropropane 63 65 41
Bromodichloromethane 83 85 129
::!-Chlonxthyl vinyl ether 63 65 106
cis-I.3-Dichloropropene 75 77 39
trans-I.3-Dich loropropene 75 77 39
1.1':·Trichloroethane 07 In 85.99
Chlorodihromomethanc I~ I 1::!7 131

Bromoform In 171 175.152
l.~.:'-Trichlof\'propan.e 75 110 F . II::!. 97

Chl('l!\lbenzcno::·d. (lnl...mal Sl3ndard) 117.111,l I I I:".Ill)

rtllu ...-n.:-J., ISurn'gatel 08 I :0 II)()

J-Bmmotlu<>r\,bcnlen~ ISUlTogat.e I C)5 i I :'J 176
"IlIU':Il<: 01 ! q~ "'
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Table 13

Charac:teristic ioes

SOP No. CORP-MS-0002NC
R~vision No. 1.3
Revision Dale: 09112197
Page: 48 of 57

-
, Compound Primary* Secondary Teniary

4-Methyl-2-pentanone 43 58 57,100

Tettaehloroethene 164 166 131

Ethyl m~thacrylate 69 41 99,86, 114
2-Hexanone 43 58 57,100

Chlorobenzene 112 114 n
Ethylbenzene 106 91
Xylenes 106 91
Styrene 104 103 78.51. 77

Dichlorobenzene (all isomers) 146 148 III

tranS 1,4-Dichloro-2-butene 53 75 89.77.124

I, I ).)-Tetrachloroethane 83 85 131. 133

Allyl Chloride 76 41 78
Acetoniaile 40 41

Dichlorofluoromethan~ 67 69
Isopropyl elh~r 87 59 45

Chloroprene 53 88 90

n-Butanol 56 41 "2
Propionitrile 54 5::! 55

Methacrylonitrile 41 67 .,,-
lsobutanol 41 43 74

Methyl methacrylate 41 69 100
1.1.12-T~trach[oroethan~ 131 133 119

12-Dibromo-3-ch loropropane 157 155 7j

Ethyl ether 59 74

Ethyl Acetate 43 88 61

2·Nitropropane 41 43 "6
Cyclohel(anone 55 42 98

lsopropylbenzene 105 120

• The primary ion should bt used f(1f qUOlntilalion unless interferences art present. in which c~;.I s<''C('lnJ~ i<)n ma~ be used.

• ~ miz 43 may be uc'td fN l:juaOliull;on of 2-Butanone. but m'Z 72 ~ be pres..'T\1 Ii)( positi,oe id~ntlrlcatior

'.
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Table J4

Quanterra Primary Standard Calibration Levels

25 mLPul"'!"e•

Compound Levell Level 2 Level 3 Level 4 Level 5

Dichlorodifluoromethane 2 4 10 20 40

hloromethane 2 • 10 20 40

Bromomethane 2 • 10 20 40

Vinyl chloride 2 4 10 20 40

hloroethane 2 4 10 20 40

richlorofluoromelhane 2 4 10 20 40

Acrolein 20 40 100 200 400

Acelone 20 40 100 200 400

richlorofluoroelhane 2 4 10 20 40

Ethanol 100 200 500 1000 2000

lodomethane 2 • 10 20 40

Carbon disulfide 2 4 10 20 40

Methylene chlonde 2 4 10 20 '0

en-Butyl alcohol 40 80 >00 '00 800

I.I-Dichloroeth.:n.: 2 4 10 20 40

I.l-Dichloroethan.: 2 4 10 20 40

rans-I.2-DichlorOC'th.:n.: , 4 10 '0 '0-

iAcrylonitrile ~{J '0 100 I ::=00 '00
I .

Me(h~ Ilen-but~ I ~'lh~'r I 1\1n~F I 2 • 10 ,0 .0

Hexane '. 2 • 10 '0 '0
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Table 14

Qual1terra Primary' Standard Calibration Levels

25 mL Purae•

Compound Levell Level 2 Level 3 Level 4 Level 5

is· I2-Dichloroethene 2 4 10 20 I 40

Tetrahydrofuran
.

2 4 10 20 I 40

~hloroform 2 4 10 20 I 40

1,2-Dichloroethane 2 4 10 20 I 40

Dibromomethane 2 4 10 20 40

-Butanone 20 40 100 200 400

lA-Dioxane 100 200 500 1000 2000

I. I,I-Trichloroethane 2 4 10 20 I 40

Carbon tetrachloride 2 4 10 20 40
I

Bromodichloromethane 2 4 10 20 i 40

I "·Oichloropropane 2 10 20
I

404 •,,
I

cis- I.3-0ichloropropene 2 4 '0 20 ; 40,,
Trichloroethene 2 4 10 20

, 40,
,,

Oibromochloromethane 2 4 10 2u , 40
,

1.")·Dibromoethane 2 4 10 10
,

40i

1.2..3-Trichloropropanot 2 4 10 20 , 40
~

1.1.1-Trichlorocthane , 4 10 'u 40- ,
I

Benzene 2 4 10 1() .10

F.lh~ Im~thacl')o late , 4 10 . 10 40-

tmns- I.3-0ichloroproreno: I 2 4 10 !fJ 411
. ,

Bromoform
,

2 4 10 !n 411I
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Table 14

SOP No. CORP-M$.OOO2NC
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Quanterra Primary Standard Calibration U\"els_

2S mL Purge

Compound Level I Level 2 Level 3 Level 4 Level;

"-Methyl-2·pentanone 10 40 100 100 400

·Hexanone 10 40 100 100 400

etr3.chloroethene 1 4 10 20 40

oluene 2 4 10 20 40

1.1.1.2·Tetrachloroethane 2 4 10 20 40

-Chloroethyl vinyl ether • & 20 40 &0

Vinyl acetate 1 4 10 20 40

Chlorobenzene 1 4 10 20 40

Ethylbenzene J 4 10 20 40

ryrene J 4 10 20 40

-1.4·Dichloro-2-butene 1 4 '0 20 40

m and p Xylenes • & 20 40 &0

Io-Xylene 1 4 10 10 40

1.3-Dichlorobenztne 1 4 10 20 40

IA-Dichlorobenzene , 4 '0 10 40-

I.:!-Dichlorobenzene J 4 10 20 40

Acelo!\;trik :!II 40 100 200 400

Bromoch loromelh<ln< , • 10 10 .0-
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A target analyte list based on the list in method 524.2 is frequendy requested for analysis by
method 8260A. Quanterra's SWldard analyte list for this tes~ and the intemal and surrogate
SWldards used, are listed in Tables below.. In all other respects the method is as described in the
main body ofthis SOP. Note that this SOP is not appropriate for drinking water analysis by
method 524.2.

Table 14

Quanterra 8260 Drinking Water List Standard and Reporting Limits

Reponing Limits'

CAS 5 mL water 25 mL Low soil Merl. Soil
Compound Number !Jg/L water !Jg/L .gIkg .glkg

Dich.lorodifluoromethane I 75-71-8 10 2 10 1200
Chloromethane I 7-l.-87-3 10 2 10 1100
Bromomethane I 74-83-9 10 2 10 1200
Vinyl chloride I 75-01-4 10 2 10 1100
Ch.loroethane 75"()()-3 10 2 10 1200

Trichlorofluoromethane 75-69-4 10 2 10 1200
Acetone' 67-64-1 20 10 20 2500
Methylene chloride 75-09-2 5 2 5 620
I. J-Dich loroethene 75-35-4 ; I 5 620
I.I-Dichloroethane 75-34-3 I ; I 5 620
trans· I ,2-Dichloroelhene I56-6()..5 , . 0.5 , . 310", ,.,
Methyl/en-butyl ether (MTBE) I634..()4...J 20 5 20 620
22-Dichloropropane 590-20-7 ; I 5 620
cis-I,2-0ichloroethene 156-59-2 2.5 0.5 , . 310."
1,2-Dichloroethene (Total) 5-l.0-5Q-o ; I 5 6::0

Chloroform 67-66-3 5 1 5 620
Bromochloromethane 7.+-97-5 ; I 5 620
1.2-Dichloroethane 107-06-2 I ; I 5 620
Dibromomethane :-1-Q5-3 I , I 5 620
2-Butanone' :8-1)':-3

,
20 5 I 20 2:'00,,

1.1.I·Trichloroethan~ ;1-55-6 I , I 5 620I

Carbon letrachloride 56-~':·5 f , I 5 . 620,
Aromodichloromethane :'5-2;--1 i , I 5 n~O

1.2-0ichloropropane 'S·"·; i , I ; 6'::11
"

cis·I.3-0ichloropro~nc i 10061-111- ; ;

I I 5 b"::O,, .
I
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Quanterra 8260 Drinking Water List Standard and Reporting Limits

Reporting Limits1

CAS 5 mL water 25mL Low soil Merl. Soil
Compound Numbe< .gIL water Ilg/L llS!1ko pglkg_ 0

Trichloroethene 79-01-6 ; I ; 620

Dibromochloromethane 124-48-1 5 1 ; 620

1.2·Dibromoethane 106-93-4 ; I ; 620

1.2.3-Trichloropropane 96- 18-4 ; I ; 620

I, 1,2-Trichloroethane 79-00-5 ; I ; 620

Benzene 71-43-2 ; I ; 620

uans-I.3-Dichloropropene 10061-02- 5 I ; 620
6

Bromofonn 75-25-2 5 I ; 620

4-Memyl-2-penmnone l 108-10-1 20 ; 20 2500

2-Hexanone1 591-78-6 20 ; 20 2500
Teuachloroethene 117-18-4 ; 1 ; 620

Toluene 108-88-3 ; 1 ; 620

1.1.22-Tetrachloroethane 79-3·ki 5 1 ; 620

Chlorobenzene 108-90-7 5 I ; 620

Ethylbenzene 1()()....J1-4 ; I 5 620

Styrene 1()()..J2-5 ; I ; 620

m and p Xylenes 2.5 0.5 ? - 310--,
o-xylene 95-47-6 ? - 0.5 ? - 310--, --,
Total xylenes 1330-'::0·7 5 I ; 620

lsopropylbenzene Q8-S'::-8 ; I ; 620

Bromobenzene 108-86-1 ; I ; 620

n-Propylbenzene 10.3..05-1 ; 1 5 620

2-Chlorotoluene 95...N-8 ; 1 5 620

4-Chlorotoluene 10t>43-4 ; I 5 620

1.3.5-Trimethylbenzene I08-t.7-& ; 1 ; 620

ten-Butylbenzene 98-06-6 ; 1 ; 620

1.2.4-Trimethylbenzene Q;'-6.~-{) 5 I 5 620

sec-hu~ lbenzene I ;~-I./S-~ 5 1 5 620

I.J-[)ichlorobenzenot 5~ 1-;3-·1 5 I ; 620

IA-()ichlorobenzenot 10tl~6-7 , I 5 610

I.~-Oichlorobenzenot Q5·50-1 5 1 5 620
J_I S('lprupylIoluene \)U.!l- -t> 5 1 5 620

n-Butylbenzene IIU_~ I·S 5 1 5 620

I.2-1 >ibromo-3-ch loroprOPane %.1.>:\ 5 I ; 620

1.2.-1-Trichlorobenz.:not I ~1l-:\2·! 5 I 5 b::!O
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QuaDterra8260 Drinking Water List Standard and Reponing Limits

Reporting L~-itsl

CAS 5 mL water 25 mL Low soil Merl. Soil
Compound Number .211.. water J.lg/l. J.lg/kg U£/k.'. ,

Napthalene 91-20-3 5 I 5 620

Hexachlorobutadiene 87-68-3 5 1 5 620

1,2,3-Tnchlorobenzene 87-01-6 5 I 5 620

Not included on the method 524.2 anal:-le list, but includes in the calibration standard as an add on frequently
requested by method 8260A.

Table 15

Internal Standards, Method 8260A Drinking water list

Standard Concentration Quantitation ion

J.lglmL

Fluorobenzene 25 118

Chlorobc:nzene-d5 " II'.,
1.4-Dichlorobenzene-d4 " 119.,

Notes:

I) 10 J.lL of the internal standard is added to tht :>ample. This results in a concentration ofeach internal in the samplt of
50J.lg. L for a 5 mL purge or 10 pgiL for a 25 mL purge.

2) Except for medium level soils. the SUITogalt and internal standards may be combined in one solution.

"

.'
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Table 16

Surrogate Standards. Method 8260B Drinking water list

SOP No. CORP-MS-0002
Revision No. 12
Revision Date: 09105197
Page: 55 of 57

Surrogal~ Compounds Standard
Concentration J,lg/mL

I2·Dichloroethan~~ ,-.,
Toluene-ds 2S

4-Bromofluorobenzene 2S

Notes:

I) 10 J,lL of the sUlTOgate standard is added to the sample. This results in a concentration ofeach surrogate in the sample of
50J,lg!L for a 5 mL purge or 10 ]Jg.'1. for a 25 mL purge.

2) Except for medium level soils. the surrogate and internal standards may be combined in one solution.

Table 17

Quanterra 8260 Drinking water list Standard: C.alibration Lt:vels

Compour.c Level I Level 1 Level 3 Level 4 Level 5

5 2S 5 2S 5 2S 5 25 5 ,-.,
mL mL mL mL mL mL mL mL mL mL

Dichlorodifluoromethane 20 4 40 10 100 20 200 60 400 110

Chloromethane 20 4 40 10 100 20 200 60 -lOO 110

Bromomethane 20 4 40 10 100 20 200 60 400 110

Vinyl chloride 20 4 40 10 100 20 200 60 400 120

Ch\oroethane 20 4 40 10 100 20 200 60 -lOO 110

Trichlorofluommethane 20 • 40 10 100 20 200 60 400 110

Acetone' 20 • 40 10 100 20 200 60 .00 110

Methylene chloride 10 , 20 ; 50 10 100 30 200 60-
I.I-Dichlorotlhene 10 , 20 ; 50 10 100 30 200 .11-
l.l-Dichloroethane 10 2 20 ; 50 10 100 30 100 60

tt'ans.12-0ichloroelh~ne 10 , 20 , 50 10 100 30 200 611-
-

Methyl Im·butyl ether f"'TBE) ';IJ • .0 10 100 20 200 60 .00 1:0

2.2-0ichloropropane >. 111 2 20 ; 50 10 100 ,0 100 0"
d ..... I.2-0ichloroeth~n~ 111 , 20 ; '0 10 100 30 200 nll-
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Quanterra 8260 Drinking water list Standard: Calibration Levels

Compound 'Levell Level 2 Level 3 Leve14 LevelS

Chloroform 10 2 20 5 50 10 100 30 200 60

Bromochloromethane 10 2 20 5 50 10 100 30 200 60

1,2·Dichloroethane 10 2 20 5 50 10 100 30 200 60

Dibromomethane 10 2 20 5 50 10 100 30 200 60

2·Butarlone' 20 4 40 10 100 20 200 60 400 120.

1,1.1·Trichloroethane 10 , 20 5 50 10 100 30 200 60

Carbon tetrachloride 10 2 20 5 50 10 100 30 200 60

Bromodichloromethane 10 2 20 5 50 10 100 30 200 60

1,2·0ichloropropane 10 2 20 5 50 10 100 30 200 60

cis·I.3·0ichloropropene 10 2 20 5 SlI 10 100 30 200 60

Trichloroethene 10 2 20 5 50 10 100 30 200 60

Oibromoch lorometbane 10 2 20 5 50 10 100 30 200 60

1.2·0ibromoethane 10 2 20 5 50 10 100 30 100 60

1.1.3-Trichloropropane 10 2 20 ; 50 10 100 30 200 60

1,12-Trichloroethane 10 2 20 ; 50 10 100 30 200 60

Benzene 10 2 20 ; 50 10 100 30 200 60

rrans-l.3·0ichloropropene 10 2 20 5 50 10 100 30 200 60

Bromoform 10 2 20 ; 50 10 100 30 200 60

4·Meth~ 1.2..pentanone' 20 4 JO 10 100 20 200 60 400 I~O

2-He.xanon~' 20 4 40 10 100 20 200 60 400 120

TetTachloroethene 10 2 20 ; 50 10 100 30 200 60

Toluene 10 - ,0 ; 50 10 100 30 200 60-
1.1.2.1-Tetrachloroethane In - ,0 ; 50 10 100 30 200 00-
Chlorohenzene IU - 2{J ; 50 10 100 30 ,00 60-
I::::thylbenzene In - ~ll ; 50 10 100 ,0 ,00 60- .
S~rene 10 - 2fl ; 50 10 100 ,0 200 ,.0-
mand p Xylen~s IU - ~\l ; 50 10 100 :;0 '00 1>0>•. --
•.-:-..ykne In - 20 , 50 10 1110 ;0 ,00 00-
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Table 17
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Quanterra 8260 Drinking water list Standard: Calibration Levels

Compound Level I Level 2 Level:> Level 4 Level 5

Isopropylbenzene 10 2 20 5 50 10 100 30 200 60

Bromobenztne 10 2 20 5 50 10 100 30 200 60

n-Propylbenzene 10 2 20 5 50 10 100 30 200 60

2-ehlorotoluene 10 2 20 5 50 10 100 30 200 60

4-Chlorotoluene 10 2 20 5 50 10 100 30 200 60

1.3.5-Trimethylbenzene 10 2 20 5 50 10 100 30 200 60

ten-Butylbenzene 10
, 20 5 50 10 100 30 200 60

1.2.4-Trimethylbenzene 10 2 20 5 50 10 100 30 200 60

sec-butylbenzene 10 , 20 5 50 10 100 30 200 60

1.3-Dichlorobenzene 10 2 20 5 50 10 100 30 200 60

lA-Dichlorobenzene 10 2 20 5 50 10 100 30 200 60

1.2-Dichlorobenzene 10 2 20 5 50 10 100 30 200 60

4-lsopropylloluene 10 2 20 5 50 10 100 30 200 60

n-Butylbenzene 10 2 20 ; 50 10 100 30 200 60

1.2-DibromI>3-chloropropane 10 2 20 5 50 10 100 30 200 60

1.2.4-Trich lorobenzene 10 2 20 5 50 10 100 30 200 60

NapmaJene 10 2 '0 5 50 10 100 30 200 60

Hexachlorobutadiene 10 2 '0 5 50 10 100 30 200 60

12.3-Trich 10000000000e 10 2 20 5 50 10 100 )0 200 60

Not included in me Quamerra Slandard test. but included in the Slandard as a frequently requested add-on.
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I. SCOPE AND APPLICAnON
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1.1. This procedure describes the analysis of certain metals by Inductively Coupled
Plasma Atontic Entission Spectroscopy (ICP) using SW-846 protocol Method 60lOA
and Methods for CbenticaJ Analysis of Waters and Wastes protocol, Method 200.7 as
published in 40 CFRPan 136, Appendix C. Table I of Appendix A lists the elements
approved for analysis by Methods 6010A and 200.7. Additional elements may be
analyzed under Methods 60 IOA and 200.7 provided the method performance criteria
presented in Section 13.0 are met.

1.2. ICP analysis provides for the detennination of metal concentrations over several
orders of magnitude. Detection limits, sensitivity and optimum concentration ranges
of the metals will vary with the matrices and instrumentation used.

1.3. Method 6010A is applicable to the determination of dissolved, suspended, total
recoverable and total elements in ground water, aqueous samples, soils, sludges,
wastes, sediments, and TeLP. EP and other leachateslextracts. All matrices require
digestion prior to analysis with the exception of analyses for dissolved metals in
filtered and acidified aqueous samples. Although digestion is not specifically
required by the method. some clients and regulators do require digestion of dissolved
samples and this must be clarified before project initiation.

1.4. Method 200.7 is applicable to the detennination of dissolvec:l suspended,. total
recoverable and total elements in surface water. domestic and industrial waste waters.
All matrices require digestion prior to analysis with the exception of analyses for
dissolved metals in filtered and acidified aqueous samples if the criteria in Section
11.1 are met.

1.5. This SOP is not applicable to the analysis of drinking water samples due to the wide
array of state specific requirements which must be accommodated. Refer to facility
specific SOPs for guidance on performing drinking water analyses.

2. SUMMARY OF METHOD

2.1. This method describes a technique for the detennination of elements in solution. The
basis of the method is the measurement of atomic emission by an optical
spectroscopic technique. Samples are n~bulized and the aerosol that is produced is
transponed to the plasma torch \\'h~re excitation occurs. Characteristic atomic-line
emission spectra are producoo by a radio frequency inductively coupled plasma (lCP).
The sgectra are dispersed by a grating spectrometer <lnd Ih~ intensities of the lin~s are
monitored by photomultiplj~r lUlxs. Th~ photocurrents from the photomultiplier
tuhes are processed and controlled hy a t.:omputcr ~yst~m . .-\. background correction
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technique is required to compensate for variable background contribution to the
determination of trace elements. Background must be measured adjacent to analyte
lines during analysis. The position selected for the background intensity
measurement, on either or both sides afthe analyticalline~will be determined by the
complexity of the spectrum adjacent to the analyte line. The position used must be
free of spectral interferences and reflect the same change in background intensity as
occurs at the analyte wavelength measured. Background correction is not required in
cases where a background corrective measurement would actually degrade the
analytical result. The possibility of additional interferences should also be recognized
and appropriate actions taken.

2.2. Consult the approptiate SOP's for details on Satnple preparation methods.

3. DEFINITIONS

3.1. Dissolved Metals: Those elements which pass through a 0.45 wn membrane.
(Sample is acidified after fiIQation).

3.2. Suspended Metals: Those elements which are retained by a 0.45 urn membrane.

3.3. Total Metals: The concentra.tion determined on an unfiltered sample follov.-ing
vigorous digestion.

3.4. Total Recoverable Metals: The concentration detennined on an unfiltered sample
following treatment with hot, dilute mineral acid.

4. INTERFERENCES

4.1. SpeCtral. physical and chemical interference dfects may contribute to inaccuracies in
the determinations of trace elements by ICP. Spectral interferences are caused by:

• Overlap of a spectral line from anoth~r ~1~men1.

• Unresolved overlap of molecular band spectra.

• Background contribution from continuous or recombination phenomena.

• Stray light from the line emission of high concentration elements.

.:1-.1.1. A background correction technique is required to compensate for variable
background contribution to th~ d~termination of trace elements. Background

....correction is not required in cas~s \\h~re a backg.round corrective
- measurement would actually degrad~ th~ analytical result.
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4.1.2. lnterelement correction factors (lEe's) are necessary to compensate for
spectral overlap. Interelement interferences occur when elements in the
sample emit radiation at wavelengths so close to that'Ofthe analyte that they
contribute significant intensity to the analyte channeL If such conditions exist,
the intensity contributed by the matrix elements will cause an excessively high
(or sometimes low) concentration to be reponed for the analyte. Interelement
COIltttions (IEC's) must be applied to the anaIyte to remove the effects of
these unwanted emissions. To calculate an lEe, divide the ObseIVed
concentration of the analyte by the observed concentratIon of the "interfering
element."

4.1.3. Physical interferences are generally considered to be effects associated with
sample transport. nebulization and conversion within the plasma These
interferences may result in differences between instrument responses for the
sample and the calibration standards. Physical interferences may occur in the
transfer of solution to the nebulizer (e.g., viscosity effects). at the point of
aerosol formation and transport to the plasma (e.g.• surface tension) or during
excitation and ionization processes within the plasma itself. Changes in
viscosity and surface tension can cause significant inaccuracies. especially in
samples containing high dissolved solids or high acid concentrations. If
physical interferences are present. dilution of the sample, use of a peristaltic
pump, use of an internal standard and/or use of a high solids nebulizer can
reduce the effect.

4.1.4. Chemical interferences are characterized by molecular compound formation,
ionization effects and solute vaporization effects. Normally these effects are
not significant with the Ie? technique but if observed can be minimized by
buffering the sample, matrix matching or standard addition procedures.

5. SAFETY

5.1. Procedures shall be carried out in a manner that protects the health and safety of all
Quanterra associates.

5.2. Eye protection that satisfies ANSI Z87.1 (as ~r th~ Chemical Hygiene Plan).
laboratory coat. and appropriate gloves must lx worn while samples. standards,
solvents. and reagents are being handled. Disposahle gloves that have been
contaminated will be removed and discard~d: other gloves will be cleaned
immediately.

5.3. 'rne health and safery hazards of man~ (If the: che:micals used in this procedure ha\'e
not been fully defined. Additional health and saleL~ infonnation can be obtained from
th~ f\'(aterial Safety Data Sheets (MSDSI maintainc:d in the laboratory.
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5.3.1. The following materials are known to be corrosive:

sulfuric acid, hydrochloric acid, nitric acid and hydrofluoric acid. (NOTE:
sulfuric acid is used in cleaning the ICP torch and hydrofluoric acid is
commonly used in air toxies preparations.)

5.32. The following materials are known to be oxidizing agents:

nitric acid and hydrogen peroxide.

5.3.3. The plasma emits strong UV light and is harmful to vision. AVOID looking
directly at the plasma.

5.3.4. The RF generator produces strong radio frequency ""-aves, most of which are
unshielded. People with pacemakers should not go near the instrument while
in operation.

5.4. Exposure to chemicals must be maintained as low as reasonably achievable,
therefore, unless they are known to be non-hazardous. all samples should be opened,
transferred and prepared in a fume hood, or under other means of mechanical
ventilation. Metals digestates can be processed outside of a fume hood.. Solvent and
waste containers will be kept closed unless transfers are being made.

5.5. The preparation of standards and reagents will be conducted in a fume hood with the
sash closed as far as the operation will permit.

5.6. All work must be stopped in the event ofa knO\Yll or potential compromise to the
health and safety of a Quanterra associate. The situation must be reported
immediately to a laboratory supervisor.

5.7. The use of hydrofluoric acid requires special safety precautions. Consult the facility
EH&S Manager and laboratory supervisor for guidance.

6. EQUPMENT AND SUPPLIES

6.1. Inductively Coupled Plasma Atomic Emission S~ctrometer equipped ""ith
autosampler and background correction.

6.2. Radio Frequency Generator.

fd. \itrogen or argon gas supply_ ",...elding grJ.d~ or ~4ui,,·aknt.

' .....
h.4. Cflolflow or appropriate water cooling de,,·k:e.
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6.6. Calibrated automatic pipettes or Class A glass volumetric pipettes.

6.7. Class A volumetric flasks.

6.8. Autosampler rubes.

7. REAGENTS AND STANDARDS

7.1.

7.2.

7.3.

7.4.

75.

7.6.

Intennediate standards are purchased as custom Quanterra multielement mixes or as
single element solutions. All standards must be stored in FEP fluorocarbon or
previously unused polyethylene or polypropylene bonles. lntennediate standard
solutions must be replaced prior to the expiration date provided by the manufacturer.
Ifno expiration date is provided, the intermedja!~ solutions may be used for up to one
year and must be replaced sooner if verification from an independent source indicates
a problem.

Working calibration and calibration verification solutions may be used for up to 3
months and must be replaced sooner if verification from an independent source
indicates a problem. Standards should be prepared in a matrix of 5% hydrochloric
and 5% nitric acids. An exception to this is in the event the Trace fep is utilized
without the internal standard. In this case. the standard acid mauix must be matched
to the final preparation mauix as listed in Section 11.10.

Refer to Tables III, IV. IVA. V and VI (Appendix A) for details regardi:lg the
working standard concentrations for calibration, calibration verification. interference
correction and spiking solutions.

Concentrated nitric acid (HNO:;). trace metal grade or bener.

Concentrated hvdrochloric acid (Hel). trac~ metal L'Tade or bener.. -
Reagent water must be produced by a Millipore DI system or equi\·alent. Reagent
water must be free of the analytes of interest as demonstrated through the analysis of
method blanks.

8. S.H1PLE COLLECTION, PRESERVAnON A:'<D STORAGE.

X.I. Sampls. holding times for metals are six m<,nth~ from time of coll~cti(ln to the time of
an..:!ysis.
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8.2. Aqueous samples are preserved 'Nith nitric acid to a pH of <2 and may be stored in
either plastic or glass. If boron or silica are to be determined, plastic containers are
preferred. Refrigeration is not required. Preservation must-be verified prior to
analysis.

8.3. Soil samples do not require preservation but must be stored at 4°C ± 2° until the time
of analysis.

9. QUALITY CONTROL

Table VII (Appendix A) provides a swnmary of quality control requirements including type,
frequency, acceptance criteria and corrective action.

9.1. Initial Demonstration of Capability

Prior to analysis of any anaIyte using either Method 200.7 or Method 601 OA, the
following requirements must be met..

9.1.1. Instrument Detection limit (lOl) - The lOL for each anaIyte must be
determined for each analyte wavelength used on each instrument. The IOL
must be determined annually. If the instrument is adjusted in any way that
may affect the IOL, the IOL for that instrument must be redetennined. The
IOL shall be determined by multiplying by 3. the standard deviation obtained
from the analysis of a standard solution (each analyte in reagent water) at a
concentration 3x - 5x the previously determined IDL. with seven consecutive
measurements. Each measurement must be perfonned as though it were a
separate analytical sample (i.e.• each measurement must be followed by a
rinse andlor any other procedure performed bet"veen the analysis of separate
samples). The result of the IOL determination must be below the Quanterra
reporting limit. The elP IOL procedure can be us~d for this method.

9.1.~. Method Detection Limit (MOL) - An MDL must be determined for each
analyte/mauix prior to the analysis of any sampl~s. The MOL is detennined
using seven replicates ofreagent water. spiked with all the analytes of interest,
that have been carried through the entire analytical procedure. MDL's must
be redetermined on an annual basis in accordance: ....."ith -to CFR Part 136
Appendix B requirements as detailed in Quanterra Q:\ Policy QA-005. The
spike levd must be between the calculated MOL and lOX the MOL to be
valid. The result of the MOL determination mUSl he below the Quanterra
reporting limit.

~.

9.1 ..':..' Linear Range Verification (LR) . The linear ranglo: rnUSl be determined on an
annual basis for each anal:1e wa ..."e1ength u~d nn lo::ll.:h instrument The
standards u.-.;ed to define the linear ran~e Jimii lllust hlo: anah zed durin!!. a- .-.
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routine analytical run. The determined concentration aCthe linear range
standard must be within 5% of the true value. The linear range is the
concentration above which results cannot be reported without dilution aCthe
sample. If the instrument is adjusted in any way that may affect the LR's, the
LR's must be redetennined.

9.1.4. Background Correction Points· To detennine the appropriate location for off
line background correction when establishing methods, the user must scan the
area on either side adjacent to the wavelength and record the apparent
emission intensity from all other meThod analytes. This spectral infonnation
must be documented and kept on file. Background correction points must be
set prior to detennining IEe·s. Refer to the facility specific instrument
operation SOP and Iep instrument manual for specific procedwes to be used
in sening background correction points.

9.1.5. Interelement Corrections (lEe) - ICP interelement correction factors must be
detennined prior to the analysis of samples and armually thereafter. If the
instrument is adjusted in any way that may affect the lEe's, the lEe's must be
redetennined. When initially determining IEC's for an instrument,
\o\-ovelength scans must be perfonned to ensure that solutions in use are free
from contaminants. If an lEe varies significantly from the previously
.determined IEC then the possibility of contamination should be investigated.
The purity of the IEC check solution can be verified by using a standard from
a second source or an alternate method (i.e., GF..<\A or ICP-MS). Published
wavelength tab~es ( e.g. MIT tables, Inductively Coupled Plasma-Atomic
Spectroscopy: Prominent Lines) can also be consulted to evaluate the validity
of the lEes. Refer to the facility specific instrument operation SOP and
instrument manufacturer's recommendations for specific procedures to be
used in sening lEes. An lEe must be established to compensate for any
imerelement interference which results in a false analyte signal greater than ±
the RL as defined in Tables I, IA or II.

~ote: Trace ICP IEe's are more sensitive to small changes in the plasma and
instrument setup conditions. Adjustments in the IEe's will be required
on a more frequent basis for the Trace as rel1ected by the ICSA
response.

Q.I.6. Rinse: Time Determination - To detennine the appropriate rinse time for a
particular IC? system, the linear range \'eriticJtion standard (see 9.1.3) should
~ a.'ipirated as a regular sample followed b~ th< analy~i~ of a series of rinse

...hlanks. The length oftime required to redul:C: :h~ ~nal~1C: signals to < RL will
. 'dc:line the rinse time for a particular ICP SyslC:lll. FlIr some anal~1es it may be

impractical to set the rinse time bas~d on thc linl.:ar rang~ standard result fi.~ ..
analytl.· not typically detected in en\"ironme:mal .'amrk·s at tha! le\'d and an
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excessive rinse time would be required at the linear range level). Rinse time
studies can be conducted at additional concentration levels. These additional
studies must be documented and kept on file if a concentration other than the
linear range level is used to set the rinse time. The concentration levels used to
establish the rinse time must be taken into consideration when reviewing the
data.

9.2. Method Blank (ME) - One method blank must be processed with each preparation
batch. The method blank. consists of reagent water containing all reagents specific to
the method that is carried through the entire analytical procedure, including
preparation and analysis. The method blank is used to identify any system and
process interferences or contamination afthe analytical system that may lead to the
reporting ofelevated analyte concentrations or false positive data. The method blank
should not contain any analyte of interest at or above the reponing limit (exception:
common laboratory contaminants, see below) or at or above 5% of the measured
concentration of that analyte in associated samples, whichever is higher (sample result
must be a minimum of20x higher than the blank contamination level).

• If the analyte is a common laboratory contaminant (copper, iron, lead (Trace only'
or zinc) the data may be reported with qualifiers if the concentration of the analyt.
in the method blank is less than two times the RL Such action must be taken in
consultation with the client and must be addressed in the project narrative.

• Repreparation and reanalysis of all samples associated with an unacceptable
method blank is required when reportable concentrations are detennined in the
samples (see exception noted above).

• If there is no analyte greater than the RL in the samples associated with an
unacceptable method blank, the data may be reported with qualifi~rs, Such
action must be taken in consultation with the client and must be addressed in
tbe project narrative.

• If the above criteria are not met and reanalysis is not possible. then th~ sample
data must be qualified. This anomaly must be addressed in the project
narrative aDd the client must be notified.

• For dissolved metals samples which have not been digested. a CCB result is
reported as the mltthod blank. The eCB run immediately pril1r to the start of the
dissolved sample analyses must be used for this purpoSlt_ No mor~ than 20
samples can be associated ~ith one CCB.

9.3. l.aOtJI"'.ttor: Control Sample (LCS) - One aqueous LCS must be pWI.:C':,sed \\ ith ~ach

pn.:paration batch. The lCS mUSt contain all anal~1~s of inlere:'t 3nJ muSI ht:: carried
through [hI.: iC'mirc analytical procedure. Aqueous LCS spiklt !C'\'d:, ;,trt: pnn iJ~d in
Tahlt: III l..\ppendi~ :\}, The LCS is uSltd l('l monitor the aCCLlr;JC~ {If lhe: ~m~l1ytital
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process. On-going monitoring afthe LeS results provides evidence that the
laboratory is perfonning the method within acceptable accuracy and precision
guidelines.

• Ifany analyte is outside established control limits the system is out of control and
corrective action must occur. Until in-house controllimirs are established, a
control limit af80 - 120% recovery must be applied.

• In the event that an MSIMSD analysis is not possible a Laboratory Control
Sample Duplicate (LCSD) must be analyzed. The RPD of the LCS and LCSD
must be compared to the matrix spike RPD limits.

• In the instance where the LeS recovery is greater than 120% and the sample
results are < RL. the data may be reported with qualifiers. Such action must be
taken in consultation with the client aDd must be addressed in the case
narrath'e.

• Corrective action ~ill be repreparation and reanalysis of the batch unless the
client agrees that other corrective action is acceptable.

• For dissolved metals samples which have not been digested, a CCV result is
reponed as the LCS. The CCV run immediately prior to the start of the dissolved
sample analyses must be used for this purpose. No more than 20 samples can be
associated v.ith one cev.

9.4. Matrix Spike/Matrix Spike Duplicate (MSIMSD) - One MSIMSD pair must be
processed for each preparation batch. A matrix spike (MS) is a field sample to which
kno'WTI concentrations of target analytes have been added. A matrix spike duplicate
(MSD) is a second aliquot of the same sample (spiked identically as the MS) prepared
and analyzed along -.vith the sample and matrix spike. Some client specific data
quality objectives (DQO·s) may require the use of sample duplicates in place of or in
addition to MS/MSD·s. The MSIMSD results are used to detennine the effect ofa
matrix on the precision and accuracy of the analytical process. Due to the potential
variability of the matrix of each sample, these results may ha\"t~ imm~diate bearing
only on the s~cific sample spiked. Samples identified as field blanks carmot be used
for MS/MSD analysis. Spiking levels are provided in Tables Ifl and VI (Appendix
A).

• If an~: analyto:: recoyery or RPD falls outside the acceptance range. the recovery of
thut anal~1~ must be in control for the LCS. Control limits ofRO - 120 % recov~ry

and :!()O'l) RPD must be applied to the MS,'MSD. Iftht: I.CS re~(l\'ery is within
limit,S. tho::n the laboratory operation is in control and the rc:slll!s may be accepted.
Iffhr: r~t:{)\'er;; of the LCS is outside limits correcti\'~ Llcti<ln must he takt:n.
C(lrrr:t:ti\...~ action will include repreparation and reanaly~is ol"lh..: t'l•.nch. YfS/\1SD
r~;o;lIlt:- \\ hich fall outside the control limits must tx- adJrl.,:,X'J in the narratiye.
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• If the native analyte concentration in the MSIMSD exceeds 4x the spike level for
that analyte, the recovery data are reponed as NC (i.e., not calculated). If the
reporting software does not have the ability to repon NC then the actual recovery
must be reponed and narrated as follows: "Results outside of limits do not
necessarily reflect poor method performance in the matrix due to high analyte
concentrations in the sample relative to the spike leveL"

• If an MSIMSD is not possible due to limited sample volume then a laboratory
control sample duplicate (LCSD) should be analyzed. The RPD of the LCS and
LCSD must be compared to the matrix spike RPD limits.

• For dissolved metals samples which have not been diges.ted, a MSIMSD must be
performed per batch of up to 20 samples by spiking two aliquolS of the sample at
the levels specified in Table III (Appendix A).

9.5. Serial Dilution (L) - Serial dilution analysis is performed to determine \vhether
significant physical or chemical interferences exist due to the sample matrix. One
sample per preparation batch must be processed as a serial dilution sample. The serial
dilution is perfonned by nmning a sample at a 4x dilution. Samples identified as field
blanks cannot be used for serial dilution analyses. The results of the diluted sample,
after correction for dilution, should agree within 100.10 afthe original sample
determination when the original sample concentration is greater than ~OX the IDL If
the results are not within 10%, narrate the possibility of chemical or physical
interference.

9.6. High Calibration Standard (HeAL)· At the beginning afme run, prior to the analysis
of samples. the high standard must be rerun and recovered within 95 - 105%. If any
analyte of interest falls outside the acceptance criteria corrective action must occur.
The analysis should be tenninated, the problem resolved and the instrument
recalibrated. (See Section 11.11 or 11.12 for required run sequence.)

9.7. Initial Calibration Verification (ICYIICB) - Calibration accuracy is verified by
analyzing a s~ond source standard (ICY). For analyses conducted under Method
200.7. the ICV result must fall within 5% of the true value for that solution. For
Method 60 lOA. the ICV must fall within 10% of the true value for that solution. An
fCB is analyzed immediately follo'-"ing the ICY to monitor IO\\'lev~13ccuracyand
system cleanliness. The rCB result must fall within +1- the reponing limit (RL) from
zero. If either the rcv or ICB fail [0 meet criteria., the analys.is should be tenninated.
the problem <.:orrccred. the instrument recalibrated and the calibrati~1n re\·eritied. (See
Section 11.1 t or 11.12 for required run sequence).

9.8. Continuing Calibration Verification (CCViCCB) - Calibration aC<':lIra~~ is monitored
throughout the anal~tical run through the analysis of a known stand:.trJ after ~v~ry 10
samples. Th~ CCV must be a mid-range standard made from a~;.; JilLuillO l1fthe
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calibration standard. The CCV result must fall within 10% of the true value for that
solution. A CCB is analyzed immediately following eacb CCv. (See Section 11.11
or I Ll2 for required run sequence.) The CCB result must fall within +1- RL from
zero. Sample results may only be reported when bracketed by \':l1id ICV/CCV and
ICB/CCB pairs. If a ntid-run CCV or CCB fails, the analysis for the affected element
must be terminated, the problem corrected, the instrument recalibrated, the calibration
verified and the affected samples reanalyzed. (Refer to Section 11.13 for an
illustration of the appropriate rerun sequence).

9.9. Interference Check Analysis (lCSAlICSAB) - The validity of the interelement
correction factors is demonstrated through the successful analysis of interference
check solutions. The ICSA contains only interfering elements. the ICSAB contains
analytes and interferems. Refer to Table V (Appendix A) for the details ofICSA and
ICSAB composition. Custom Quanterra multielement ICS solutions must be used.
All anaJytes must be spiked into the ICSAB solution, therefore. if a non-routine
analyte is required then it must be manually spiked into the ICSAB using a certified
ultra high purity single element solution or custom lab--specific mix. Elements known
to be interferents on a required analyte must be included in the IC? run when that
analyte is detennined. Aluminum. iron. calcium and magnesium must always be
included in all ICP runs.

9.9.1. The ICSA and ICSAB solutions must be run at the beginning and end of the
run or every 8 hours. whichever is more frequent. (See Section I 1.11 or 11.12
for required run sequence.)

9.9.2. The ICSAB results for the interferents must fall within 80 - l~O% of the true
value. If any ICSAB interferent result fails criteria. the analysis should be
tenninated. the problem corrected, the instrument recalibrated and the samples
rerun.

9.9.3. The ICSAB analytes must be recovered within 80 - 120% ofth~ true value. If
the ICSAB analytes do not meet criteria the analysis mus! he tenninated. the
problem corrected. [he instnnnem recalibrated and the sampl~s rerun for the
affected analytes.

9.9.4. ICSA results for the non-interfering elements "ith reponing limits S 10 uglL
must fall within the Quanterra 2uidelines of +. - ~x RL from zero. If the ICSA
results for th~ non-interfering elements do not fall "'ithin -:- - 2:-;: RL from zero
the field sampk data must be evaluated as follows: .

'0- ..... If the- non-interfering element concentration in the ICSA is (hI,.' r~:.;ult of
conrominution '"ersus a spectral imerferenc~. and this rea...;on is
documcntt:d. th~ field sample data can ~ accepted.
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• If the affected element was not required then the sample data can be
accepted.

• If the interfering elements are not present in the field sample at a
concentration which would result in a false positive or negative result
greater than +1- 2x RL from zero then the field sample data can be
accepted.

• If the interfering element is present in the field sample at a level which
would result in a false analyte signal greater than ± 2x RL from zero, the
data can be accepted only if the concentration of the affected analyte in the
field sample is more than lOX the analyte signal.in the ICSA.

• If the data does not meet the above conditions then the IEe's must be re
evaluated and corrected if necessary and the affected samples reanalyzed
or the sample results manually corrected. through application of the new
lEe to the raw results. If the results are recalculated manually the
calculations must be clearly docwnented on the raw data.

9.10. CRl- To verify linearity near the RL forICP analysis, a CRI standard is run at the
beginning of each sample analysis run following the ICB. The CRl standard must
contain all analytes at no greater than two times the standard RL. The CRl results
must fall within 50% of the true value and the problem must be corrected before
continuing with the analysis. When the sample RL is greater than the CRltrue value.
a standard other than the CRi may be used to evaluate linearity near the HL.

9.11. Method of Standard Addition (MSA) -This technique involves adding known
amounts of standard to one or more aliquots of the processed sample solution. This
technique compensates for a sample interferent that may enhance or depress the
analyte signal. thus producing a different slope from that of the calibration standards.
It will not correct for additive interferences which cause a baseline shift. Refer to
Section 11.17 for additional infonnation on when MSA is required as well as
Appendix 0 for specific MSA requirements.

9.12. Quality Assuranclt Summaries - Cltl1ain clients may require specific project or
program QC which may supersede the SOP requirements. Quality Assurance
Summaries (QAS) should ~ developed to address these requirements.

10. CALIBRATION AND STAND.-\RDIZATION

10. I. Set up thlt instrument \\ ith the operating parameters recommended hy the,- ....
manufacturer. ;\110\\ the:- instrument to become thermally stal"'lle:- before:- ~ginning
calibration (appro:-;:im~lldy 30 minutes ofwann-up is required).
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10.1. Calibrate the instrument according to the instrument manufacturer's
recommendations. Refer to the facility specific instnunent SOP and Iep instrument
manual for detailed set up and operation protocols.

10.3. Calibration must be performed daily and each time the instrument is set up.
Instrument runs may be, continued over periods exceeding 24 hours as long as all
calibration verification and interference check QC criteria are met. The instrument
standardization date and time must be included in the raw data.

IDA. Refer to Section 9.0 for calibration verification procedures, acceptance criteria and
corresponding corrective actions.

11. PROCEDURE

11.1. For 200.7 analyses. dissolved samples must be digested wtless it can be documented
that the sample meets all of the following criteria:

A. COD is < 20 ppm.
B. Visibly transparent with a turbidity measurement of I NTU or less.
e. Colorless with no perceptible order.
D. Is of one liquid phase and free of particulate or suspended maner following

acidification.

11.2. A minimum of r"vo exposures for each standard, field sample and QC sample is
required. The average of the exposures is reported. For Trace ICP analyses. th~

results of the sum channel must be used for reporting.

11.3. Prior to calibration and between each sample/standard the system is rinsed with the
calibration blank solution. The minimwn rinse time between analytical samples is 60
seconds unless following the protocol outlined in 9.1.6 it can be demonstrated that a
shoner rinse time may be used. Triton-X can be added to the rinse solution to
facilitate the rinse process.

11 A. The use of an autosampler lor all runs is strongly recommended.

11.5. The use of automated QC checks through the instrUment soft'\\."are is highly
recommended for all calihr..ltion \'erification samples (IC'V.CCV). blanks
(lCB.CCB.PBl. inl<rferene< checks (ICSA,ICSAB) and field samples ilinear rangel
to improve the data rt:\."iew process.

11.0. To fac~itate the carl~ iU~I1(i lication of QC failures and samples requiring rerun it is
strongly recommended thal sample data be reviewed periodically throughllut th-: rUIl.



INDUCTIVELY COUPLED PLASMA-ATOMIC EMISSION
SPECTROSCOPY, SPECTROMETRIC METHOD FOR TRACE
ELEMENT ANALYSIS. METHOD 60lOA AND METHOD 200.7

SOP No. CORP-MT-OOOINC
Revision No.2
Revision Date: 10/27/97
Page: 16 of 52

11.7. To facilitate the data review and reporting processes it is strongly recommended that
all necessary dilutions and post digestion spikes be perfonned before closing out the
instrument run.

11.8. For unanended overnight auto-runs it is strongly recommended that the frequency of
ICSAlICSAB analysis be increased to every 4 houtS.

11.9. The use ofan internal standard is recommended on the non-Trace ICP's.

11.10. The use of an internal standard is required on the Trace Ie? unless the calibration and
QC standards are matrix matched to each digestion procedure used as follows:

Preparation Method %HN03 %HCl

CLP Aqueous I 5

CLP Soil 5 2.5

SW8463050 5 5

SW8463005 2 5

SW8463010 - 5,

The following procedural guidelines must be follo\1ied when using an internal
standard:

11. to.l. Recommended internal standards are vttrium or scandiwn. (Note: Any
element can be used that is not typically found in environmental samples at
a high rate of occurrence.)

11.10.2. The internal standard (IS) must be added to every sample and standard at the
same conc~ntration. It is recommended that the IS be added to each
analytical :-;amplc automatically through use of a third pump channd and
mixing coil. Int~mal standards should be added to blanks. sampl~s and
standards in a lik~ manner. so that dilution effects resulting from the
addition rna: Ix Ji$regarded.

11.10.3. The concentration of the internal standard should be sufficiently high tll

"'. obtain good prl.:cision in the measurement of the IS analyte used for data
correction and to minimize the possibility of correction errors if the: IS
analyte is naturall: pre=-ent in the sampk
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11.10.4. The internal standard raw intensity counts must be printed on the raw data.

11.10.5. The analyst must monitor the response of the internal standard throughout
the sample analysis run. This infonnation is used to detect potential
problems and identify possible background contributions from the sample
(i.e., natural occurrence ofIS analyte).

11.10.5.1. If the internal standard counts fall within 30"/0 of the counts
observed in the feB then the data is acceptable.

11.10.5.2. If the internal standard counts in the field samples are more than
30010 higher than the expected level, the field samples must then
be screened without the addition of the internal standard.

11.10.5.3. If the internal standard element is not identified in the unspiked
field sample at a level exceeding 10% afthe level spiked, the data
may be accepted.

11.10.5.4. If the IS analyte is detected in the unspiked field sample at a
concentration greater than 10% afthe spiked level then either:

• A different internal standard must be used.

• The IS concentration must be raised.

• The sample must be diluted and rerun.

• The analysis must be run without an internal standard ( matrix
matching must be substituted.)

11.11. The follov.;ng analytical sequence must be used for Methods 601 OA and 200.7:
Instrument Calibration
ICV
ICB
CRJ
HCAL
ICSA
ICSAB
6 samples
CCV
CCB
10 samples
CCV
CCB
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Repeat sequence of up to 10 samples between CCV/CCB pairs as required to
complete run
CCV
CCB
ICSA
ICSAB
CCV
CCB

Referto Quality Control Section 9.0 and Table VII (Appendix A) for Method 6010A
and 200.7 quality control criteria.

11.12. The folloVimg run sequence is consistent Vvim 200.7, 6010A and eLP requirements
and may be used as an alternate to the sequence specified in 11.11 if multiple methods
must be accommodated in the same analytical run:

Instrument Calibration
ICV
ICB
CRl
HCAL
ICSA
ICSAB
CCV
CCB
10 samples
CCV
CCB
10 samples
CCV
CCB
Repeat sequence of up to 10 samples between cev fCeB pairs as required to
complete run
CCV
CCB
CRl
ICSA
(CSAB
CCV
CCB

>.

Rder'lo the CLP SOP (CPRP-\ IT·000: I for additinnal quality control rc:quirem.:nls.
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11.13. The follo\\ing run sequence provides an illustration ofa mid-nm cev or CCB failure
and the appropriate corrective action run sequence as described in Section 9.8:

Ori!!inal Run: Instrument Calibration,

"

ICV
ICB
CRI
HCAL
lCSA
lCSAB
6 samples
CCVI
CCBl
10 samples
CCV2
CCB2
10 samples ••
CCV3·
CCB3*
10 samples ••
CCV4
CCB4
10 samples
CCV5
CCB5
lCSA
lCSAB
CCV6
CCB6

Reanalysis: Recalibrate
lCV
lCB
CRI
HCAL
CCV2
CCBl
10 samples
CCV3
CCB3
10 samples
CCV4
CCB4
ICS,;,
ICSAB

• Failure occurs at CCV3/CCB3
··Samples requiring rerun for affected a..:.-:;tiytes
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Notes: If the reanalysis is conducted under the same instnunent setup conditions then
it is not necessary to rerun the ICSAIICSAB at the start of the reanalysis
sequence as long as the 8 hour criteria are met. If reanalysis can '1 be initiated
immediately or WIder the same nul conditions then reanalysis must be
conducted using the full analysis sequence as detailed in Section 11.11.

Samples berv.·een CCV4 and CCV5 do not require reanalysis as they were
bracketed by compliant QC samples,

See CORP-MT-0002 for the appropriate reanalysis sequence ifCLP
requirements must also be met.

11.14. Full method required QC must be available for each wavelength used in detennining
reponed analyte results.

11.15. Guidelines are provided in the appendices on procedures to minimize contamination
of samples and standards, preventh"e maintenance and troubleshooting.

11.16. All measurements must fall within the defined linear range where spectral
interference correction factors are valid. Dilute and reanalyze all samples for required
analytes that exceed the linear rang~ or use an alternate wavelength for which QC
data is established. If an interelement correction exists for an analyte which exceeds
the linear range, the lEe may be inaccurately applied. Therefore. even if an
overrange analyte may not be requ:red to be reported for a sample, if that analyte is a
interferent for any requested analyt~ in that sample, the sample must be diluted. Acid
strength must be maintained in the dilution of samples.

11.17. For TCLP samples, full four point MSA "ill be required ifall of the following
conditions are met:

I) recovery of the analyte in the matrix spike is not at least 50%.

2) the concentration of the analyt~ does not exceed th~ regulatory level. and.

3) the conceI?lration of the analyte is \\'ithin ~O% of the regulatory level.

The reporting and regulatory limits for TCLP analyses as weil as matrix spike le....els
ar~ detailed in Table VI (Appendix AI. Ap~ndix D provides guidance on performing
MSA analyses,-,

11.1 R. One time procedural variations arc all<J\\l.'d \)nl~ if deemed necessary in the
professional judgment of super. i:-;il'n 1<' al.'ct1nlmod<lte variation in sample matrix.
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radioactivity, chemistry, sample size, or other parameters. Any variation in procedure
shall be completely docwnented using a Nonconfonnance Memo and is approved by
a Technical Specialist and QA Manager. If contracrually required, the client shaIl be
notified. The Nonconformance Memo shall be filed in the project file.

11.19. Any unauthorized deviations from this procedure must also be documented as a
nonconfonnance, with a cause and corrective action described.

12. DATAA.NALYSISANDCALCULATIONS

12.1.- ICV percent recoveries are calculated according to the equation:

'IoR= 100(Found(lCVl)
True(lCV)

12.2. CCV percent recoveries are calculated according to the equation:

'IoR=I O } FOund(CCVl)
"'\ True(CCV)

12.3. Matrix Spike Recoveries are calculated according to the following equation:

'loR = 100( SSR - SR)
SA

Where:
SSR ~ Spike Sample Result
SR = Sample Result
SA ~ Spike Added

12.4. The relative percent difference (RPD) of matr1.x spike/matrix spike duplicates or
sample duplicates are calculated according to the follo\\"ing equations:

RPD= 10
'.lIS/)- .\IS·

I
f .I4S0 + .lIS.,

, I
\ -

'. Where:
MS = d~t~mlin~J :-opiked sampk concentration
YlSD = d~l~mlil1~d Il1mrix spik.: duplicate concenlratillO
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RPD=IO
!DUI-DU2!

( DUI~DU2)

Where:
DUI = Sample result
DU2 = Sample duplicate result

12.5. The final concentration for a digested aqueous sample is calculated as fo11o\\o'5:

mulL= CxVlxD
o V2

Where:
C = Concentration (rngIL) from instrument readout
D =: Instrument dilution factor
V I = Final volume in liters after sample preparation
V2 = Initial volume of sample digested in liters

12.6. The final concentration detennined in digested solid samples when reported on a dry
weight basis is calculated as follows:

CxVxD
mg I Kg,dr;" weight:: W x S

Where:
C = Concentration (mg/L) from instrument readout
D = Instrument dilution factor
V:: Final volume in liters after sample preparation
W = Weight in Kg of we! sample digested
S :: Percent s(llids/1 00

~ote: A Percent Solids determination must he ~rformed on a separate aliquot when
dry weight concentrations are to be report~d. If the results are to be reported on
wet weight basis the "S" factor should be omitted from the above equation.

I::. '7. Th~ LCS percent recovery is calculated :J.cconJing to the following equation:

• R _ 0(" FOl/uJI /.( '5)))
Vo _I 11--·---

~ hUd I.e ·S)
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12.8. The serial dilution percent difference for each component is calculated as follows:

%Difference = 1
1

- 51 x 100
I

Where:
I = Sample result (Instrument reading)
S ~ Serial dilution result (Instrument reading x 4)

12.9. Appropriate factors must be applied to sample values if dilutions are perfonned.

12.10. Sample results should be reported with up to three significant figures in accordance
with the Quanterra significant figure policy.

13. METHOD PERFORMANCE

13.t. Each laboratory must have initial demonstration of performance data on file for each
analyte of interes1 as described in Section 9.0.

13.2. Refer ro Tables 1, IA & II in Appendix A for the list of Method 6010A and 200.7
analytes as well as additional analytes that may be analyzed using this SOP.

13.3. Method performance is detennined by the analysis of matrix spike and matrix spike
duplicate samples as well as method blanks and laboratory control samples. The
matrix spike recovery should fall within +/. 20 % and the matrix spike duplicates
should compare within 20% RPD. Method blanks must meet the criteria specified in
Section 9.2. The laboratory control samples should recover within 20% of the true
value until in house control limits are established.

13.4. Training Qualification:

The group/team leader has the responsibility to ensure that this procedure is
perfonned by an associate who has been properly train~d in its use and has the
required experience.

14. POLLUTION PREVENTION

14.1. This method does not contain any specific m<xIifications [hat serve to minimize or
pre\'~n{ poll ution.
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15.1. Waste generated in the procedure must be segregated and disposed according to the
facility hazardous Vv"3Ste procedures. The Environmental Health and Safety Director
should be contacted if additional infonnation is required.

15.2. Standards should be purchased and prepared in volumes consistent with laboratory
use to minimize the volume of expired standards to be disposed.

16. REFERENCES

16.1. .Methodsfor the Determination ofMetals in Environmental Samples. EPA/600/R
94/111. Supplement I, Revision 4.4, May 199~. Method 200.7.

16.2. 40 CFR Part 136, Table IB, 7-1-92.

16.3. Test Methods for Evaluating Solid Waste, Physical/Chemical Methods, SW-846. 3rd
Edition. Final Update I, July 1992. Method 601 OA.

16.4. CORP-MT-0002. Inductively Coupled Plasma-Atomic Emission Spectroscopy,
Method 200.7 CLP-M, SOW lLM03.0.

16.5. QA-003. Quanterra QC Program.

16.6. QA-004. Rounding and Significant Figures.

16.7. QA-005. Method Detection Limits.

17. MISCELLANEOUS (fABLES, APPENDICES, ETC)

17.1. Modifications/Interpretations from referenc~ method

17.1.1. Modifications from both Method 6010,\ and 200.7.

17.1.1.1. Method 100.7 and Chapter I llf SW846 specify the use of reagent
water \\;tb a purity equi\'al~nl to :\STM Type II water. This SOP
requires that reagent water must be fr~~ of the analytes of inl~reSt as
demonstrated through the analysis of method blanks.

~ 7.1.1.~. The alternate run sequenc~ pn:scnt~J in Section 11.12 is consistent
\\'itb method requir~ments. Adtlilional QC analyses w~r~ added [I,)

accommodate the CLP protoc~ll rcquirt:mt:nts.
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17.1.1.3. The calibration blank is prepared in an acid matrix of 5% HNO/5%
HCI instead of the specified 2% HNO,l1 0% HCI matrix as the
former matrix provides for improved performance relative to the
wide variety of digestate acid matrices which result from the various
EPA preparation protocols applied.

17.1.2. Modifications from Method 200.7.

17.1.2. L Blank subtraction is not performed as per Quanterra QC policy.
Method blank results are provided in the analytical report.

17.1.2.2. Method 200.7 defines the lDL as the concentration equivalent to a
signal, due to the analyte, which is equal to three times the standard
deviation of a series often replicate measurements of a reagent blank
signal. Quanterra labs utilize the CLP lDL definition as defmed in
Section 9.1.1 of this SOP.

17.1.2.3. Section 7.6.3 of 200.7 indicates that the QCS (ICY) should be
prepared at a concentration near 1 ppm. The ICY specified in this
SOP accommodates the 1 ppm criteria for the majority of analytes.
For the remaining analytes. this SOP specifies ICV concentrations
which are appropriate to the range of calibration. The intent of the
ICV. verification of calibration standard accuracy. is independent of
the ICV concentration used.

17.1.2.4. The ICS criteria applied by this SOP differ from those stated in the
method. 200.7 states that results should fall within the established
control limits of 1.5 times the standard deviation of the mean value.
These control criteria were based on a specific solution made
available by EMSL-Cincinnati to labs several years ago. Since this
solution is no longer available. Quanterra has modeled their
ICSNlCSAB solutions on the design of the ICSA 'ICSAB solution
provided by EPA directly to EPA contract laboratories. The control
limits listed in this SOP are those which EPA states applicable to the
EPA designed solution.

17.1.2.5. Method 200.7 states the CCB should ~ within 2:-.: the standard
deviation of the average blank reading. Th~ im~nt of this
requirement is to ensure that the I.:alihralion Is not drifting at the low
end. In the absence of guidanc~on how to dc:temline th~ m~an blank

o'!,. level from EPA. Quanterra has adopt~d all ahsolute contwllimil of
+'- RL from z~ro for calibration hlank l.Tit~ria.
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17.1.3.1. Chapter 1ofSW-846 Slates that the methOd blank should oot contain
any analyte of interest at or above the MDL. This SOP states that
the method blank must not contain any analyte of interest at or above
the reporting limit. Common lab contaminants are allowed up to two
times the reporting limit in the blank following consultation with the
client.

17.1.3.2. Calibration is perfonned according to instrument manufacturer"s
recommendations. Method 6010A provides contradictory
instructions for instrwnent calibration by stating to calibrate both
according to i.n.strument manufacturer' s recommendations as well as
to use a blank and three standards. TJA has stated that the use of
multiple standards may be detrimental to detenninations near the
detection limit due to the inability afthe linear equation to force-fit
through the origin (see Appendix C) and recommends the calibration
be performed using a blank and one standard. Leeman recommends a
blank and three standards. EPA has stated that manufacturer' s
recommendations should take precedence and that the next version
of the method, 6010B, will clear up the issue by staring "The
calibration cwve should consist of a minimum of a blank and a
standard." This SOP requires verification of the initial instrument
calibration using a CRl at two times the RL. an ICV at 5 - 25% of
the calibration level, a CCV at 50% of the calibration level and by
rerunning the high calibration standard (HeAL) post calibration to
demonstrate lineariry (See Tables I. IA and II).

17.1.3.3. Section 5.6 of 60 IOA states that the instrument check standard
(CCV) should be prepared from a second source standard. This SOP
states that the CCV will be from th~ same source as the calibration
standards. The purpose oftbe s~cund sourc~ standard is to verify the
accuracy oftbe calibration standards. The intent of this requirement
is met through the analysis of a second source ICV standard prior to
the analysis of samples. The use of a same: source CCV provides for
a more accurate and consistent measure: of instrume:nt drift from
initial calibration.

.'..

17.1.3.4. Section 5.7 states that spiking of the ICS s01ution with analytc:s is
not required if the ICP \Nill displa~ (~\\~rcolT~,tion as a negati\·e
number. All Quanterra instrum~ntati{Jn has this capability and
therefore the spike analysis is not r~411ir..:d. {)uantc:rra does run a
spiked lCSAB but th~ analytes arc 11\)1 spikc:J at the lOx IDl kvd
rd~r~nced in 6010A. The ICSAB slllu(lllll run by QlLal1~~rra i5 hased
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on the design of the ICSAlICSAB solution plOvided by EPA directly
to contract environmental labs.

17.1.3.5. Method 6010A uses a Quality Control Standard (QCS) on a weekly
basis to verify calibration standard accuracy. Quanterra refers to the
QCS as an ICV and the accuracy verification is performed on a daily
basis. The QCS described in Method 6010A is made to contain
analytes at lOx the IDL. The Quanterra ICV solution is not made at
lOx IDL for all elements as this concentration is not appropriate
relative to the standard reporting limits. Quanterra designed the ICV
to be a reliable indicator of calibration standard accuracy by raising
the analyte concentrations to a level where the ana1~l.ical

detennination is not impacted by low level curve bias.

17.1.3.6. Method 60IOA states the CCB should be within 3x the standard
deviations of the average blank reading. The intent afthis
requirement is to ensure that the calibration is not drifting at the low
end. In the absence of guidance on how to detennine the mean blank
level from EPA, Quamerra has adopted an absolute control limit of
+/- RL from zero for calibration blank criteria,

17.2. Modifications from previous SOP

None.

17.3. Facility Specific SOP's

Each facility shall attach a list of facility specific SOPs or approved anachments (if
applicable) which are required to implement this SOP or which are used in
conjunction with this SOP. Ifno facility specific SOPs or amendments are to be
attached, a statement must be anached specifying that there are none. Refer to the
appendices for any facility specific infonnation required to support this SOP.

17.3.1. Refer to the SOP change form on file in North Canton's Quality ASSW'allce
d~partrnent.

17A. Docum~ntation and Record Management

The folll)\\ ing documentation comprises a complete ICP n:m dat<l package:

• Ra)~. Jata (direct instrument printout signed by analyst).

• Rde\ ant sample preparation benchsheets.
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• Run log printout from instrument software where this option is available (TJA) or
manually generated run log (i.e., Ward WSL printout).

• Data review checklist - See Appendix B.

• Standards documentation (including prep date. source and lot #).

• Non·conformance summary (if applicable).

,..
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ELEMENT Symbol CAS # 6010A 2007 Reponing Limit Reponing Limit
analyte analyte (ugiL) Water (mg/kg) Soil

Aluminum Al 7429-90-5 X X 200 20
Antimony Sb 7440-36-0 X X 60 6
Arsenic As 7440-38-2 X X 300 30
Barium Ba 7440-39-3 X X 200 20

Beryllium Be 7440-41-7 X X 5.0 0.5
Boron B 7440-42-8 X 200 20

Cadmium Cd 7440-43-9 X X 5.0 0.5
Calcium Ca 7440-70-2 X X 5000 500

Chromium Cr 7440-47-3 X X 10 I
Cobalt Co 7440-48-4 X X 50 5
Copper Cu 7440-50-8 X X 25 2.5

Iron Fe 7439-89-6 X X 100 10
Lead Pb 7439-92-1 X X 100 10

Lithium Li 7439-93-1 X 50 5
Magnesium Mg 7439-95-4 X X 5000 500
Manganese Mn 7439-96-5 X X 15 1.5

Molybdenum Mo 7439-98-7 X X 40 4
Nickel Ni 7440-02-0 X X 40 4

Phosphorus P 7723-14-0 X 300 30
Potassium K 7440-09-7 X X 5000 500
Selenium Se 7782-49-2 X X 250 ,-,)
Silicon Si 7631-86-9 X 500 50
Silver Ag 7440-22-" X X 10 I

Sodium !\a 7440-23-5 X X 5000 500
Stron~:~ Sr 7440-28-0 X 50 5
Thallium TI 7+10-28-0 X X 2000 200
Vanadium V 74-10-62-2 X X 50 5

Zinc Zn 74-10·66-6 X X 20 2
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TABLE IA. Metbod 200.7 and 6010A Trace ICP Analyte List

ELEMENT Symbol CAS# Reporting Limit Reponing Limit
(ugIL) Water (mg/kg) Soil

Arsenic As 7440-38-2 10 1.0
Lead Pb 7439-92-1 3.0 0.3

Selenium Se 7782-49-2 5.0 0.5
Tba1Iium TI 7440-28-0 10 1.0
Antimony Sb 7440-36-0 10 1.0
Cadmium Cd 7440-43-9 2.0 0.2

Silver Ag 7440-22-4 5.0 0.5
Chromium Cr 7440-47-3 5.0 0.5

TABLE II. Non-Routine Analyte List

ELEMENT Symbol CAS# Reponing Limit Reponing Limit
(ug/L) Water (mg/kg) Soil

Tin Sn 7440-31-5 100 10
Titanium Ti 7440-03-26 50 5
Bismuth Bi 7440-06-99 200 20

Zirconium Zr 7440-06-77 100 10
Tungsten W 7440-03-37 500 50
Tellurium Te 1349-48-09 500 50
Thorium Th 7440-02-91 500 50
Uranium U 7440-06-11 500 50
Palladium Pd 7440-00-53 100 10

NOTE: Analysis of all elements listed may not be available at all Quanterra facilitic-s .

•
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TABLE III. Matrix Spike and Aqueous Laboratory Control Sample Levels

ELEMENT LCS Level (ug/l) Matrix Spike Lo-'el (ug/l)
Aluminum 2000 2000
Antimony 500 500
Arsenic 2000 2000
Barium 2000 2000

Beryllium 50 50
Cadmium 50 50
Calcium ooסס5 50000

Chromium 200 200
Cobalt 500 500
Copper 250 250

Iron 1000 1000
Lead 500 500

Lithium 1000 1000
Magnesium 50000 50000
Manganese 500 500

Molybdenum 1000 1000
Nickel 500 500

Phosphorous 10000 10000
Potassium 50000 50000
Selenium 2000 2000

Silver 50 50
Sodium 50000 50000

Strontium 1000 1000
Thallium 2000 2000
Vanadium 500 500

Zinc 500 500
Boron 1000 1000
Silicon 10000 10000

Tin ~ooo 2000
Titanium 1000 1000
Bismuth 1000 1000

Zirconium 1000 1000
Tellurium 1000 1000
Thorium 1000 1000 .
Uranium 1000 1000
Tungsten 1000 1000
Palladium 1000 1000
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Element Calibration Level RL (ugIL) CRl (ugIL) ICV (ugIL) I CCV (ugIL)
Aluminum 100000 200 400 25000 50000
Antimony 10000 60 120 1000 5000
Arsenic 10000 300 600 1000 5000
Barium ooסס1 200 20 1000 5000

Beryllium 10000 5 10 1000 5000
Cadmium 10000 5 10 1000 5000
Calcium 100000 5000 10000 25000 50000

Chromium 10000 10 20 1000 5000
Cobalt ooסס1 50 100 1000 5000
Copper 10000 25 20 1000 5000

Iron 100000 100 100 25000 50000
Lead ooסס1 100 200 1000 5000

Lithium 10000 50 100 1000 5000
Magnesium 100000 5000 10000 25000 50000
Manganese 10000 15 20 1000 5000

Molybdenum 10000 40 80 1000 5000
Nickel 10000 40 80 1000 5000

Phosphorous 10000' 300 600 1000 5000
Potassium 100000 5000 10000 25000 50000
Selenium 10000 250 500 1000 5000

Silver 2000 10 20 500 1000
Sodium 100000 5000 10000 25000 50000

Strontium 10000 50 100 1000 5000
Thallium 20000 2000 4000 5000 10000
Vanadium 10000 50 100 1000 5000

Zinc 10000 20 40 1000 5000
Boron ooסס1 200 400 1000 5000
Silicon 10000 500 1000 1000 5000

Tin 10000 100 200 1000 5000
Titanium 10000 50 100 1000 5000
Bismuth 10000 200 400 1000 5000

Zirconium 10000 100 200 1000 5000
Tellurium ooסס1 500 1000 1000 5000
Thorium 10000 500 1000 roOD 5000
Uranium ooסס1 5lKJ 1000 1000 5000
Tungst~n .-10000 500 1000 1000 5000
Palladium 10000 100 200 1000 5000 I
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TABLE IVA. Trace Calibration aDd CalibratioD VerificatioD StaDdards

Element Calibmtion Level RL (ugIL) CRJ (ugIL) [CV{ugIL) CCV (ugIL)
Aluminum 50000 200 IDa 12500 25000
Antimony 1000 10 10 250 500
Arsenic [000 10 10 250 500
Barium 4000 10 20 1000 2000

Beryllium 4000 5 10 1000 2000
Cadmium 1000 2 2 250 500
Calcium 100000 5000 10000 25000 50000

Chromium 4000 5 10 1000 2000
Cobalt 4000 50 40 1000 2000
Copper 4000 ,- 20 1000 2000-)

Iron 50000 100 100 12500 25000
Lead 1000 3 6 250 500

Magnesium 100000 5000 10000 25000 50000
Manganese 4000 15 20 1000 2000

Molybdenum 4000 40 20 1000 2000
Nickel 4000 40 80 1000 2000

Potassium 100000 5000 10000 25000 50000
Selenium 1000 5 10 250 500

Silver 2000 5 10 500 1000
Sodium 100000 5000 10000 25000 50000

Thallium 2000 10 20 500 1000
Vanadium 4000 50 -10 1000 2000

Zinc 4000 20 40 1000 2000
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TABLE V. Interference Cheek Sample Concentrations

Element ICSA (ugIL) ICSAB (ugIL)
Aluminum 500000 500000
Antimony - 1000

Arsenic - 1000
Barium - 500

Beryllium - 500
Cadmium - 1000
Calcium 500000 500000

Chromium - 500
Cobalt - 500
Copper - 500

Iron 200000 200000
Lead - 1000

Magnesium 500000 500000
Manganese - 500

Molybdenum - 1000
Nickel - 1000

Potassium - IOOOO
Selenium - 1000

Silver - 1000
Sodium - 10000

Thallium - 10000
Vanadium - 500

Zinc - 1000
Tin - 1000

• Custom Quamerra solutions contain anal~1es common to all Quanterra facilities. Non·routine
elements not listed above must be spiked into th~ ICSAB a( 1000 ugIL.
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TABLE VI. TCLP Reporting Limits, Regulatory Limits and Matrix Spike Levels

ELEMENT RL (ugIL) Regulatory Limit Spike Level (ugIL)
(ugIL) .

Arsenic 500 5000 5000
Bariwn 10000 100000 50000

Cadmiwn 100 1000 1000
Chromium 500 5000 5000

Lead 500 5000 5000
Selenium 250 1000 1000

Si~ :er 500 5000 1000
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QCPARAMETER FREQUENCY' ACCEPTA..NCE CORRECTIVE
CRlTERlA ACTION

Reanalysis of High Beginning of eveD'O 95 - 105 % recovery. Terminate analysis;
Standard (HCAL) analytical run, after Correct the problem;

CRl. Recalibrate.
ICV Beginning of every Method 200.7: Terminate analysis;

analytical run. 95 - 105 %recovery. Correct the problem;
Recalibrate.

Method 6010A:
90 - 110 %recovery.

ICB Beginning of every The result must be Terminate analysis;
analytical run, within +/- RL from Correct the problem;
immediately zero. Recalibrate.
following the ICV.

CCV Every 10 samples 90 - 110 % recovery Terminate analysis;
and at the end of the Correct the problem;
run. Recalibrate and rerun

all samples not
bracketed by
acceptable CCV.

CCB Immediately The result must be Terminate analysis;
following each within +/. RL from Correct the problem;
CCV. zero. Recalibrate and rerun

ali samples not
bracketed by
acceptable CCB.

ICSA Beginning and end Analyte results must See Section 9.9.
of every run and be within +/- 2x RL
every 8 hours. from zero for analytes

with RL ~ 10 ug/L.
ICSAB Immediately Results must be ""ithin S<e Section 9.9.

following each 80 - 120% recovery.
ICSA.

CRI Immediately R6uhs must ~ within Tenninate analysis:
following leB. 50 - I50% r~covery. Correct the problem:

Recalibrate.

'" s~~ S~ctions 11.11 and 11.12 for exact run $equ~ncl.: \n he follo\\~J.
<.... .
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TABLE VII Summarv of Quality Control Requirements (Continued). .
QC PARAMETER FREQUENCY ACCEPTANCE CORRECTIVE

CRlTERlA ACTION
Serial Dilution One per prep batch. For samples> 40x IDL. Narrate the possibility

dilutions must agree within of physical or
10%. chemical interference.

Method Blank One per sample The result must be less Redigest and reanalyze
preparation batch of than or equal to the RL samples.
up to 20 samples.

Common lab contaminants Note exceptions under
may be accepted up to 2x criteria section.
the RL after consultation
with the client (See See Section 9.:! for
9.2). additional

requirements.
Sample results greater than
20x the blank
concentration are
acceptable.

Samples for which the
contaminant is < RL may
not require redigestion or
reanalysis (see Section
9.2).

Laboratory Control One per sample Aqueous LeS must be Tenninate analysis;
Sample (LCS) preparation batch of within 80 - 120% recovery Correct the problem;

up to 20 samples. or in-house control limits. Redigest and reanalyze
all samples associated

Samples for which the with the LCS.
contaminant is < RL and
the LCS rc:sults are > 120%
may not rc:quire redigestion
or reanalysis (see Section
9.3)

:\Iatri:-.: Spike One per sample 80 - 120 0'0 reco\·ery. If the In the absence of client
preparation batch of MS/r-.1SD is out for an specific requirements.
up to 20 samples. analyte. it must ~ in flag the data: no flag

control in the LCS. For required ifth~ $alT1ple
TCLP Sel..' Set:til)O 11.17. le\·e1 is > .;1.:<, th~ spike

~

added. For TCI.P sec.
Section 1L17.
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QC PARAMETER FREQUENCY ACCEPTA."ICE CORRECTIVE
CRlTERIA ACTION

Matrix Spike See Matrix Spike 80 - 120 % recovery; RPD See Corrective Action
Duplicate :s 20% (See MS).

.. for Matrix Spike.
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QUANTERRA ICP DATA REVIEW CHECKLIST
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RunIProj«:t Information:

Run Dat~: .,,-;;-::-::-_ Analyst:_________ Instrument: _
Prep Batches Run: _

Circle Methods used:

Review Items

6OIOA /200.7:
CLP

CORP-MT-OOOI Rev 1
CORP-MT-0002 Rev 1

A. CalibrationlInstrument Run QC Yes No NJA 2.d
Level

1. Instrument calibrated per manufacturer's instructions and at SOP specified
le,·els?

2. ICV/CCV analyzed at appropriate frequency and within control limits ?
(ICV: 6010A, eLP E 90 - 110%, 200.7 - 95 -105%) (CCV: 90 - 110%)

3. lCBlCCB anal)"Zed at appropriate: frequency and within +/- RL or +/- CRDL
(eLP) ?

4. High Std. (HCAL) ru.oalyzed before samples and recovered within QC limits ?
(60IOAI200.7 95-105%, Clp· N/A)

5. CRI run and r~overed within QC limits? (+1- 50% for non-CLP)
6. ICSAIICSAB run at required frequency and within SOP limits ?
B. Sample Results
1. Were samples with concentrations> the linear range for any panmeter diluted

.and reanalyzed?
2. All reported results bncketed b~.. in control QC ?
3. Sample analyses done within holding time?
C. Prepar2tionlMatrix QC
1. LCS done pu prep batch and within QC limits ?
2. Melhod blank done per prep balch and < RL or CRDL (CLP) ?
3. MS run at required frequency and within limits?
4. MSD or DU run at required frequency and RPD within SOP limits ?
5. Serial dilution dOlle per prep batch (or per SOC for CLP) ?
6. POSl digest spike analyzed if required (elP only) ?
D. Other
1. Are all nonconformances documented appropriately?
2. CurrenllDULRJIEC data on file?
3. Calculations checked for error?
4. Transcriptions checked for error?
5. All client/project specific requirements me! ?
6. Dare/time of analysis '"erified as correct?

Analysl: Date: _
Comments: _

2nd Lnel Re' ie\\tr : -:,-- Date: _
Commenl~: ,· . _
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TJA CALIBRATION RECOMMENDATION

,..
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Four equal volume aliquots of sample are measured and known amounts of standards are added to
three aliquots. The founh aliquot is the unknown ane! no standard is added to it. The concentration
of standard added to the first aliquot should be 50% of the expected concentration. The
concentration of standard added to the second aliquot should be 100010 of the expected concentration
and the concentration of standard added to the third aliquot should be 150% afthe expected
concentration. The volume afthe unspiked and spiked standard should be the same.

In order to determine the concentration of analyte in the sample, the analytical value of each solution
is detennined and a plOI or linear regression performed. On the vertical axis the analytical value is
ploned versus the concentrations of the standards on the horizontal axis, An example plot is shown
in Figure I, When the resulting line is extrapolated back to zero absorbance. the point of
interception of the horizontal axis is the concentration of the unknown.

;; 1--------"....-
""~

•

I
('one tiC
~Ullph:

Addn () Addn I Addn 2 ..o\ddn j

:'>io Addn Addn of 50"1" Addn of 100"/•."'ddn of 15U" ~
of Expect.:d of Expected of 1::.\~ct~J

:\moun! Amount Amoun!

For the method of standard additions to be correctly applied, the follov.ing IimitJtions must be taken
into l.:onsid~ration:

• Th~ pillt of th~ sampk <.lnu :,tandards must be linear over th( concentrdti"i.ln r:lng\,.' of concern. For
~$t re$ults. the: slope of the curve should be similar to that of a plot of lh~ <l4U<:(lU:, ~t<lndard
curve.

• Th.: \.'f1~{ ofth\.' int.:rterenl.:l.' :,hould not vary as the ratio of the sl:lndard ;.lJdeJ {,Ithe sampk
matn '\ ~hanges.
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Problem Possible Cause! Solution

High Blanks Increase rinse time
Clean or replace tip
Clean or replace torch
Clean or replace sample tubing
Clean or replace nebulizer
Clean or replace mixing chamber
Lower Torch

Instrument Drift RF not cooling properly
Vacuum level is too low
Replace torch (Crack)
Clean or replace nebulizer (blockage)
Check room temperature (changing)
Replace pump tubing
Room humidity too high
Clean torch tip (salt buildup)
Check for argon leaks
Adjust sample carrier gas
Reprofile Horizontal Mirror
Replace PA tube

Erratic Readings. Check for argon leaks
Flickering Torch or Adjust sample carrier gas
High RSD Replace tubing (clogged)

Check drainage(back pressure changing}
Increase uptake time (too short)
Increase flush time (too short)
Clean nebulizer. torch or spray chamber
Increase sample volume introduced
Check that autosampler tubes are full
Sample or dilution of sample not mixed
Increase integration time (too short)
Realign torch
Reduce amount of tubing connectors

CulMn Ratio Outside Limits or Plasma conditions changed
Low Sensitivit~ Clean nebulizer. torch or spray chamlxr

R~p[ace tubing (clogged)
Realign torch
Cheek lEes .

Standards reading t\\i..::e n\lrmal Incorrect standard used
abSl.)rbance ~\r ,,;ol1l.:~nlr.1ti~m Incorrect dilution perfonned
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The following procedures are strongly recommended to prevent contamination:

All work areas used to prepare standards and spikes should be cleaned before and
after each use.

All glassware should be washed with detergent and tap water and rinsed with 1: 1
nitric acid followed by deionized water.

Proper laboratory housekeeping is essential in the reduction of contamination in the
metals laboratory. All work areas mllSt be kept scrupulously clean.

Powdered or Latex Gloves must not be used in the metals laboratory since the po..vder
contains silica and zinc as well as other metallic analytes. Only vinyl or nitrile gloves
should be used in the metals laboratory.

Glassware should he periodically checked for cracks and etches and discarded if
found. Etched glassware can cause cross contamination of any metallic anal}1es.

Autosampler trays should be covered to reduce the possibility of contamination.
Trace levels of elements being analyzed in the samples can be easily contaminated by
dust particles in the laboratory.

The following are helpful hints in the identification of the source of contaminants:

Yellow pipet tips and volumetric caps can sometimes contain cadmium.

Some sample cups have been found to contain lead.

The markings on glass beakers have been found to contain lead. If acid baths are! in
use for glassware c1e!aning. they should be periodically checked for contaminants
since contaminant concentrations will increase over time,

New glass\.vare eSjX:cially beakers can be a source of silica and boron.

Reagents or standards can contain contaminants or be contaminated \vith the improp~r

use of a pipette!.

Improper cleaning. l,f glassware can cause contamination.

Latex glo\'es contain O\'e!r 500 ppb of zinc.
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A maintenance log is used to record when maintenance is perfonned on instruments. When an
instrument problem occurs indicate the date, time and instrument number, then identify the problem
and corrective action in the maintenance log.

The following procedures are required to ensure that that the instrument is fully operational.

Daily Change sample pump tubing and pump ,",indings
Check argon gas supply level
Check rinse solution and fill if needed
Check waste containers and empty if needed
Cbeck sample capillary tubing is clean and in good. condition
Check droplet size to verify nebulizer is not clogged.
Check sample flow for cross flow nebulizer
Check CulMn ratio-should be 30% of value at date that lEes were performed
Check pressure for vacuum systems

As Needed Clean plasma torch assembly to remo\:e accumulated deposits
Clean nebulizer and drain chamber: keep free-flowing to maintain optimum
perfonnance
Replace peristaltic pump tubing. sample capillary tubing and autosampler sipper
probe

Weekly Apply silicon spray on autosampler tracks
Check water level in cooltlow

Monthl)' Clean air filters on back or pov.:er unit to remove dust
Check 0 mirror for air instruments

Bi-yearly Change oil for vacuum systems
Replace coolant water filta (may require more or less frequently depending on
quality of cooling water)
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I. I. This procedure describes the preparation and analysis of mercury (Hg, CAS # 7439
97-6) by Cold Vapor Atomic Absorption Spectroscopy (CVAA) using SW-846
Method 7470A and MCAWW Method 245.1.

1.2. CVAA analysis provides for the determination of lotal mercury (organic and
inorganic). The combination oft."te oxidants, potassium pennanganate and potassium
persulfate, has been found to give 100% recovery with both types of compounds.
Detection limits, sensitivity and optimum concentration ranges for mercury analysis
will vary with the matrices, instrumentation and volume of sample used.

1.3. Method 7470A is applicable to the preparation and analysis of mercury in ground
water. aqueous samples, wastes. ",ipes. TCLP, EP and other leachateslextraclS.
Cenain solid and sludge type \\-astes may also be analyzed. however Method 7471 A
(see CORP-MT-0007) is usually the method of choice. All matrices require sample
preparation prior to analysis.

1.4. Method 245.1 is applicable to the determination of mercury in drinking, surface and
saline waters, domestic and industrial wastes. All matrices require sample
preparation prior to analysis.

1.5. The Quanterra reporting limit for mercury in aqueous matrices is 0.0002 mgIL except
for TCLP, SPLP or EPTOX leachales for which the reporting limit is 0.002 mgIL.

2. SUMMARY OF METHOD

2.1. This SOP describes a technique for the detennination of mercury in solution. The
procedure is a physical method based on the absorption of radiation at 253.7 nm by
mercury vapor. A representati\"e portion of the sample is dig~sted in sulfuric and
nitric acids. Organic mercury compounds are oxidized with potassium penn:.;:ganate
and potassium persulfate and the mercury reduced to its elemental State with stannous
chloride and aerated from solution in a closed system. The mercury vapor passes
through a cell positioned in the light path of an atomic absorption spectrophotometer.
Absorbance is measured a", a function of mercury concentration. Concentration of
the analyte in the sample i:, determin~d by comparison of the sample absorbance to
the calibration curve (absorhanc.: \ s. wncentration I.

'.' i'-.
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3.1. Dissolved Metals: Those elements which pass through a 0.45 urn membrane.
(Sample is acidified after filtration).

Suspended Metals: Those elements which are retained by a 0.45 urn membrane.

Total Metals: The concentration detennined on an unfiltered sample following
digestion.

4. INTERFERENCES

Chemical and physical interferences may be encountered when analyzing samples using this
method.

4.1. Potassium perrnanganate which is used to breakdovvn organic mercury compounds
also eliminates possible interferences from sulfide. Concentrations as high as 20 mgIL
of sulfide as sodium sulfide do nOI interfere with the recovery of inorganic mercury
from reagent water.

4.2. Copper has also been reponed to interfere: however. copper concentrations as high as
10 mg/L had no effect on the recovery of mercury from spiked samples.

4.3. Chlorides can cause a positive interference. Seawaters. brines and industrial effluents
high in chlorides require additional permanganate (as much as 25 ml) because,
during the oxidation step. chlorides are converted to free chlorine. which also absorbs
radiation at 253.7 run. Care must be taken to ensure that free chlorine is absent before
the mercury is reduced and swept into the cell. This is accomplished by adding
excess hydroxylamine reagent (25 mL) and purging the sample head space before
stannous chloride is added. Both inorganic and organic mercury spikes have been
qU2.ntitatively recovered from seawa.ter using this technique.

Note: Sufficient addition of pennanganate is apparent when the purple color persists
at least 15 minutes. Some sampl~s may require dilution prior to digestion due
to extremely high conc~ntration~ of chloride.

4.·t Interference from certain volatile organic materials that absorb at this wavelength
may also occur. [fsuspected. a preliminary run without staI!nous chloride can
detennine if this type of interterencl: is present. While the possibility of absorption
from certain organic substanc~s pr~s~nt in the sample does exist. this problem is not
routinely encountered. This is m~ntilln~d only to caution the analyst of the
possibility. If this condition is found to ~xi::;.t. [he mercury concentration in the
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sample can be determined by subtracting the result of the sample run without the
reducing reagent (stannous chloride) from that obtained with the reducing reagent.

4.5. Samples containing high concentrations of oxidizable organic materials, as evidenced
by high COD levels, may not be completely oxidized by this procedure. Wben this
occur.; the recovery of mercury will be low. The problem can be eliminated by
reducing the volume oforiginal sample used.

4.6. The most common interference is laboratory contamination which may arise from
impure reagents, dirty glassware. improper sample transfers, dirty work areas, etc. Be
aware of potential sources of contamination and take appropriate measures to
minimize or avoid them.

5. SAFETY

5.1.

- ?,._.

5.3.

Procedures shall be carried out in a manner that protects the health and safety of all
Quanterra associates.

Eye protection that satisfies ANSI 287.1 (as per the Chemical Hygiene Plan),
laboratory coat, and appropriate gloves must be worn while samples, standards.
solvents, and reagents are being handled. Disposable gloves that have been
contaminated \"ill be removed and discarded: other gloves 'Will be cleaned
immediately.

The health and safety hazards of many of the chemicals used in this procedure have
not been fully defined. Additional health and safety information can be obtained from
the Material Safety Data Sheets (MSDS) maintained in the laboratory. The following
specific hazards are known:

5.3.1. The follov.ing materials are known to be corrosive:

hydrochloric acid. nitric acid and sulfuric acid.

5.3.2. The follov.ing materials are knov.'Tl to be oxidizing agents:

nitric acid_ potassium permanganate. potassium persulfate and magnesium
perchlorate.

5.3.3. Mercury is a highly toxic d~mt:nt that must be handl~d ""ith care. The anal}st
must be aware of the handling <..tnt! cl~an-up techniques before working with

.....mercury. Since mercury \'apor is ll\xic. precaution must be taken to 3\'oid its
inhalation_ ingestion or ahsorptinn thwugh skin. .-\11 lin~s should be ch~ch-d.
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for leakage and the mercwy vapor must be vented into a hood or passed
through a mercury absorbing media such as:

5.3.3.1. Equal volwnes of 0.1 M KMnO, and 10% H,SO" or

5.3.3.2. Iodine. 0.25%, in a 3% KI solution.

5.3.4. Magnesiwn sulfate is known to be a reproductive toxin (mutagen).

5.4. Exposwe to chemicals must be maintained as low as reasonably achievable.
Therefore, unless they are known to be non-hazardous, all samples should be opened,
transferred and prepared in a fume hood, or under other means of mechanical
ventilation. Solvent and waste containers Yoill be kept dosed unless transfers are
being made.

5.5. The preparation of standards and reagents 'hill be conducted in a fume hood with the
sash closed as far as the operation will permit.

5.6. All work must be Slopped in the event of a known or potential compromise [0 the
health and safety of a Quanterra associate. The siruation must be reponed
immediately to a laboratory supervisor.

5.7. Do not look directly into the beam of the Hg lamp. The UV light that these lamps
radiate is harmful to the eyes.

5.8. Cylinders of compressed gas must be handled with caution. in accordance \\ith local
regulations. It is recommended that. wherever possible. cylinders be located outside
the laboratory and the gas led to the instrument through approved lines.

5.9. The CV.4A apparatus must be properly vented to remove potentially harmful fumes
generated during sample analysis.

6. EQUIPMENT AND SUPPLIES

6.1. Temperature controlled water bath (capabl~ of maintaining a temperature of
90-95 O() or autoclave that is able [0 obtain conditions of 15 Ibs.. 120 O( for 15
minutes.

.... J•.
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6.2.1. Absorption Cell with quartz end windows perpendicular to the longitudinal
axis. Dimensions of the cell must result in sufficient sensitivity to meet the
SOP defined reporting limit. The quanz windows must be maintained to
provide accurate measurements. Any scratches or fingerprints can alter the
absorption ofUV radiation.

6.2.2. Mercury specific hollow cathode lamp (HCL) or electrodeless discharge lamp
(EDL).

6.2.3. Peristaltic pump which can deliver I Umin air.

6.2.4. Flowmeter capable of measuring an airflow of I Umin.

6.2.5. Recorder or Printer.

6.2.6. Aeration Tubing: A straight glass frit having a course porosity and Tygon
tubing is used for the transfer of mercury vapor from the sample bottle to the
absorption cell and return.

6.1.7. Drying device (a drying rube containing magnesium perchlorate or
magnesium sulfate and/or a lamp with a 60 W bulb) to pre':ent condensation
in celL The lamp is positioned to shine on the absorption cell maintaining the
air temperature in the cell about 10°C above room temperature. Other drying
devices that achieve the same purpose are also acceptable (i.e .. Gonex filter).

NOTE: Instruments designed specifically for the measurement of mercury using the
cold vapor technique may be substituted for the atomic absorption
spectrophotometer.

6.3. BOD bonles or equivalent.

6.4. ~itrogen or argon gas supply. welding grade or equivalent.

6.5. Calibrated automatic pipettes or Class;\ glas:, \·olumetric pipettes.

6.6. Class.-\ volumetric flasks.

f..I. Thennometer (capable of accurate readings at 95 °e).
. ~ ....

0.8. Disposable c.:ups or tubes.
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7.1. Reagent water must be produced by a Millipore DI system or equivalent. Reagent
water must be free of the analytes of interest as demonstrated through the analysis of
method blanks.

7.2. Stock (1000 ppm) mercury standards (in 10% HNO,) are purchased as custom
Quanterra solutions. All standards must be stored in FEP fluorocarbon or previously
unused polyethylene or polypropylene bonles. Stock standard solutions must be
replaced prior to the expiration date provided by the manufacrurer. Ifno expiration
date is provided, the stock solutions may be used for up to one year and must be
replaced sooner if verification from an independent source indicates a problem.

7.3. Intermediate meroury standard (10 ppm): Take I mL of the stock mercury standard
(7.2) and dilute to 100 mL with reagent water. The intennediate standard must be
made monthly and must be prepared in a matrix of 2% HN03 • This acid (2 mL of
concentrated HNOJ must be added 10 the flask/bonle before the addition of the stock
standard aliquot.

7.4. Working mercury standard (0.1 ppm): Take 1 mL of the intennediate mercwy
standard (7.3) and dilute to 100 mL with reagent water. The working mercury
standard must be made daily and must be prepared in a matrix of 0.15% HN03. This
acid (150 uL of concentrated HNO,) must be added to the f1askfbortle before the
addition of the stock standard aliquot.

7.5. The calibration standards listed in Table I must be prepared fresh daily from the
working standard (7.4) by transferring 0.0.2.0.5.1.0.2.0,5.0 and 10.0 mL aliquolS
of the working mercury standard into 100 mL flasks and diluting to volume with
reagent water.

Note: Alternate approaches to standard pr~parationmay be taken and alternate
volumes of standard may be prepar~d as long as the accuracy and final
standard concentrations as detailed in Table I are maintained. For example.
automated mercury systems do not require 100 mL of standard and therefore
smaller volumes may be generated to r~duc~ \\"a$t~ generation.

7.6. Th~ initial calibration verification standard must be made from a ditferent stock
solution than that of the calibration standards.

7.7. Rekr w Table I (Appendix.-\) for details r~g.arding the working standard
conc~nira[ion$ for calibration. calibration \~rilic;ltion and spiking solutions. All
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standards must be processed through the entire analytical procedure including sample
preparation.

7.8. Nitric acid (HNO~). concentrated, trace metal grade or bener.

Note: If a high reagent blank. is obtained, it may be necessary to distill the nitric acid.

7.9. Sulfuric acid (H,SO,), concentrated, trace metal grade or better.

7.9.1. Sulfuric acid, 0.5 N: Dilute 14.0 rnL of concentrated H,SO, to 1 liter with
reagent water.

7.10. Stannous sulfate solution: Add 25 g of stannous sulfate to 250 mL of 0.5 N sulfuric
acid. This mixture is a suspension and should appear cloudy. This solution should be
made daily and should be stirred continuously during use.

Note: Stannous chloride may be used in place of stannous sulfate. Prepare the
stannous chloride solution according to the recommendations provided by the
instrument manufacturer.

7.11. Sodiwn chloride-hydroxylamine hydrochloride solution: Add 12 g of sodium
chloride and 12 g of hydroxylamine hydrochloride to every 100 mL of reagent water.

Note: Hydroxylamine sulfate may be used in place of hydroxylamine hydrochloride.

7.12. Potassium permanganate. 5% solution (w/v): Dissoh·e 5 g of potassium
pennanganate for every 100 mL of reagent water.

7.13. Potassium persulfate. 5% solution (w/v): Dissoh·e 5 g of potassium persulfate for
every 100 mL of reagent water.

8. SA'IIIPLE COLLECTION, PRESERVATION AND STORAGE

8.1. Sample holding time for mercury is 28 days from tim~ of collection to the time of
analysis.

8.2. Aqueous samples are preserved with nitric acid to a pi I of ::: and may be stored in
~ither plastic or glass. Refrigeration is not requir~d. Prescl"\·ation must be ....erified
prior to analysis.
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Table 11 (Appendix A) provides a swmnary of quality control requirements including
type, frequency, acceptance criteria and corrective action.

9.1. Initial Demonstration of Capability

Prior to the analysis of any anaIyte using 7470A or the 245.1, the following
requirements must be met.

9.1.1. Method Detection Limit (MDL) - An MDL must be detennined for each
anaJyte/matrix prior to the analysis of any samples. The MOL is detennined
using seven replicates of reagent water, spiked with all the analytes of interest,
that have been carried through the entire analytical procedure. MDLs must be
redetennined on an arulUa! basis in accordance with 40 CFR Part 136
Appendix B requirements. The spike level must be between the calculated
MDL and lOX the MDL to be valid. The result of the MDL detennination
must be below the Quanterra reponing limit.

9.1.2. Initial Demonstration Study - This requires the analysis offoU! QC check
samples. The QC check sample is a welt characterized laboratory generated
sample used to monitor method performance. The results of the initial
demonstration study must be acceptable before analysis of samples may begin.

9.1.2.1. Four aliquots of the check sample (LCS) are prepared and analyzed
using the procedures detailed in this SOP and the determinative
SOPs.

9.2. Preparation Batch - A group of up to 20 samples that are of the same matrix and are
processed together using the same procedures and reagents. The preparation batch
must contain a method blank,. a LCS and a matrix spike/matrix spike duplicate. In
some cases. at client request. it may be appropriate to process a matrix spike and
sample duplicate in place of the MS/MSD. If dic:nts specify specific samples for
MSItv1SD. the batch may contain mUltiple MS/MSD pairs.

9.:". Sample Count - Laboratory generated QC samples <method blanks. LCS) are not
included in the sample count for determining tht: size of a preparation batch.
MS/MSD are not included in the sample count unless there art: multiple sets of
MSIMSD pt:r batch. In other words. the tirst MS ·MSD are not counted: all additional
~lS and MSDs are counted as sampl~s.-..
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9.4. Method Blank (MB) - One method blank must be processed with each preparation
batch. The method blank consists of reagent water containing all reagents specific to
the method that is carried through the entire analytical procedure, including
preparation and analysis. The method blank is used to identify any system and
process interferences or contamination of the analytical system that may lead to the
reporting of elevated analyte concentrations or false positive data. The method blank
should not contain any analyte of interest at or above the reponing limit or at or above
5% aCthe measured concentration of that analyte in associated samples. \vhichever is
higher (sample result must be a minimum of20 times higher than the blank
contamination level).

• Repreparation and reanalysis of all samples associated with an unacceptable
method blank is required when reportable concentrations are detennined in the
samples (see exception noted above).

• If there is no analyte greater than the RL in the samples associated 'With an
unacceptable method blank, the data may be reported with qualifiers. Such
action must be taken in consultation with tbe client and must be addressed in
the project narrative.

• If the above criteria are not met and reanalysis is not possible. then the sample
data must be qualified. This anomaly must be addressed in the project
narrative and the client must be notified.

9.5. Laboratory Control Sample (LCS) - One aqueous LCS must be processed with each
preparation batch, The LCS is used to monitor the accuracy of the analy1ical process.
On·going monitoring of the LCS results provides evidence that the laboratory is
performing the method within acceptable accuracy and precision guidelines. The LCS
must be carried through the entire anal:--1ical procedure. The CCV results can be
reported as LCS results since all CCVs (as well as all other standards) are processed
through the sample preparation step with the field samples. No more than 20
samples can be associated with one CCV used for the purpose of reponing LCS data.

• If the LCS is outside established control limits the system is out of control and
corrective action must occur. Until in-house comrollimits ar~ established. a
control limit of80 - 120% recovery must ~ applied.

• In the instance where the LCS reco\'ery is ....... I :!()Oo and th~ sample results are <
RL. the data may be reported ""ith qualifi~rs. SUl.:h al.:.tion must ~ taken in
consultation with the client and must be addr\"·s~d in th~ case narrative.

,.-.
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• In the event that an MSIMSD analysis is not possible, a Laboratory Control
Sample Duplicate (LCSD) must be analyzed. The RPD of the LCS and LCSD
must be compared to the matrix spike RPD limits...

• Corrective action will be repreparation and reanalysis of the batch unless the
client agrees that other corrective action is acceptable.

9.6. Matrix SpikelMatrix Spike Duplicate (MSIMSD) - One MSIMSD pair must be
processed for each preparation batch. A matrix spike (MS) is a field sample to which
kno""n concentrations of target analytes have been added. A matrix spike duplicate
(MSD) is a second aliquot ofthe same sample (spiked identically as the MS) prepared
and analyzed along with the sample and matrix spike. Some client specific data
qualiry objectives (DQO's) may require the use of sample duplicates in place of or in
addition to MSIMSD's. The MSIMSD results are used to determine the effect ofa
matrix on the precision and accuracy of the analytical process. Due to the potential
variability of the matrix of each sample, these results may have immediate bearing
only on the specific sample spiked. Samples identified as field blanks cannot be used
for MSIMSD analysis. Spiking levels are provided in Table I (Appendix A).

• If analyte recovery or RPD falls outside the acceptance range. the recovery of
that analyte must be in control for the LCS. Until in-house control limits are
established. a control limit of 75 - 125 % recovery and 20% RPD must be
applied to the MSIMSD. If the LCS recovery is within limits, then the
laboratory operation is in control and the results may be accepted. If the
recovery of the LCS is outside limits, corrective action must be taken.
Corrective action 'Will include repreparation and reanalysis of the batch.
MSIMSD results which fall outside the control limits must be addressed in the
narrative.

• If the nalive analyte concentration in the MS/MSD exceeds 4 times the spike
level for that analyte, the recovery data are reported as NC {i.e., not
calculated}. If the reporting software does not have the ability to report NC
then the actual recovery must be reported and narrut~d as follows: "Results
outside ofJimits do not necessarily reflect poor meLhod performance in the
matrix due to high analyte concentrations in the ~mpl~ relative to the spike
I~....el. ..

• If an MS!MSD is not possible due to limit~d sample mlume. then a laboratory
"ontrol sample duplicate (LCSD) should be analyzoq. Tho RPD of tho LCS
and l.CSD must be compared to the matrix spikr.:: RPD limits.

9.7. InitialJ::alibration Vl:rification (ICV/ICB) - Calibration at,;t,;urJ.cy is verified by
anah'/.in\l il second source standard (ICV). The lev result must tall within 1oo~ of
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the true value for that solution. An ICB is analyzed immediately following the ICV
to monitor low level accuracy and system cleanliness. The ICB result must fall
\vithin +1- the reporting limit (RL) from zero. If either the ICV or ICB fail to meet
criteria, the analysis should be tenninated. the problem corrected and the instrument
recalibrated. (See Section 11.2.11 and Section 11.2.12 for required run sequence). If
the cause afthe ICV or ICB failure \V3.S not directly instrument related the corrective
action will include repreparation oftbe associated samples.

9.8. Continuing Calibration Verification (CeV/CCB) - Calibration accuracy is monitored
throughout the analytical run through the analysis of a known standard after every 10
samples. The cev must be a mid-range standard at a concentration other than that of
the ICV. The CCV result must fall within 20% of the true value for that solution. A
CCB is analyzed immediately following each CCV. (See Section 11.2.11 and 11.2.12
for required run sequence.) The CCB result must fall within +1- RL from zero. Each
cev and eCB analyzed must reflect the conditions of analysis of all associated
samples. Sample results may only be reported when bracketed by valid ICV/CCV
and ICB/CCB pairs. If a mid-run CCV or CCB fails, the analysis must be tenninated,
the problem corrected. the instrument recalibrated, the calibration verified and the
affected samples reanalyzed. If the cause of the eev or eeB failure was not directly
instrument related the corrective action \.'viII include repreparation of the associated
samples.

9.9. Method of Standard Addition (MSA) -This technique involves adding known
amounts of standard to one or more aliquots of the sample prior to preparation. This
technique compensates for a sample interferent that may enhance or depress !.he
analyte signal, thus producing a different slope from that of the calibration standards.
It will not correct for additive interferences which cause a baseline shift. Refer to
Section I1.2.13 for additional information on when full 4 point MS.-\ is required as
well as Appendix C for specific MSA requirements.

10. CALIBRATION AND STANDARDIZATION

10.1. Calibration standards must be processed through the preparation proc~dure as
described in Section 11.1.

10.2. Du~ to th~ differences in preparation protocols separate calibrati0n ::md calibration
\eriticution standards must be prepared for aqueous and solid matric6.

10.3. Calihmtinn must be performed daily (evt:ry:!4 hours) and each time th~ instrument is
s~( up. rh~ instrument calibrdtion date and time must be inciudeJ in the raw data.

... R' ....
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10.4. Set up the instrument with the operating parameters recommended by the
manufacturer. Allow the instrument to become thermally stable before beginning
calibration (approximately 30 minutes ofwann-up is required). Refer to the facility
specific instrument SOP and CVAA instnunent manual for detailed setup and
operation protocols.

10.5. Calibrate the instrument according to instrument manufacturer"s instructions, using a
minimwn offive standards and a blank. One standard must be at the Quanterra
reporting limit. Analyze standards in ascending order beginning with the blank. Refer
to Section 7.5 and Table I for additional infonnation on preparing calibration
standards and calibration levels.

10.6. The calibration curve must have a correlation coefficient of~.995 or the instnunent
shall be slopped and recalibrated prior to running samples. Sample results can not be
reponed from a curve 'Nith an unacceptable correlation coefficient.

10.7. Refer to Section 9.0 for calibration verification procedures, acceptance criteria and
corrective actions.

11. PROCEDURE

11.1. Sample Preparation:

11.1.1. All calibration and calibration verification standards (ICV, ICB. CCV, CCB)
are processed through the digestion procedure as well as the field samples.

11.1.2. Transfer 100 mL of well mixed sample or standard to a clean sample
digestion bonIe.

Note: Reduced sample volumes can be used as long as a representative
sample can be obtained and the reagent le\'~l$ :.lr~ adjusted to maintain
th~ same sample to reagent ratio. All sampl~s and standards must be
processed similarly.

11.1.3. Add 5 mL of concentrated H1SOJand 2.5 mL of con~entratedHNOo mixing
after each addition.

~ote: All spiking should be done after the initial addition l)f ac ids.

11.1.-J.. Add 15 mL of potassium pennanganate solution. For samrles high in
'" llrganic materials or chlorides. additional permanganatl.: Ill<ly he added.

Sh;,lk~ and add adJitional portions ofpermanganalt: S\llutioll until a purple



PREPARATION AND ANALYSIS OF MERCURY IN AQUEOUS
SAJ&LES BY COLD VAPOR ATOMIC ABSORPTION, SW-846
METHOD 7470A AND MCAWW METHOD 245.1

SOP No. CORP-MT-oOO5NC
Re....ision No. 1.1
Re\ision Date: 04-19-97
Page: 15 of 40

color persists for at least 15 minutes. If after the addition of up to 25 rnL
additional permanganate the color does not persist, sample dilution prior to
reanalysis may be required.

Note: When perfonning analyses using automated 'v"S. manual techniques
lhe sample dilution resultant from the addition of more than the
original aliquot of permanganate solution must be compensated for
by the addition afthe same volume ofpermanganate to ail other
associated samples and standards in the run. In instances, where this
is not feasible, the addition of excess reagent can be addressed
through mathematical correction of the results to account for the
resultant dilution effect.

11.1.5. Add 8 mL ofpotassium persulfate solution and heat for two hours in a water
bath at 90 - 95 'c.

NOTE: Alternatively, for RCM analyses using 7470A, samples may be
digested using an autoclave for 15 minutes at 120 O( and 15 lbs.

11.1.6. Cool samples.

11.2. Sample Analysis:

11.2.1. Because ofdifferences between various makes and models of CVAA
instrumentation. no detailed operating instructions can be provided. Refer to
the facility specific instrument operating SOP and the CVAA instrument
manual for detailed setup and operation protocols.

11.2.2. All labs are required to detail the conditions/programs utilized for each
instrument v,;thin the facility specific instrur.:ent operation SOP.

11.2..3. When ready to begin analysis, add 6 mL of sodium chloride-hydroxylamine
hydrochloride solution to the samples to reduce the ~xcess ~rmanganate

(the pcrmanganate has been reduced when no purple color remains). Add
this solution in 6 mL increments until the pennanganate is clImpletely
reduced.

' ..
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11.2.4.1. Treating each sample individually, purge the head space of the
sample bottle for at least one minute.

11.2.4.2. Add 5 mL of stannous chloride solution and immediately attach
the bonle to the aeration apparatus.

11.2.4.3. Allow the sample to stand quietly without manual agitation while
the sample is aerated (1 Umin flow). Monitor the sample
absorbance during aeration. When the absorbance reaches a
maximum and the signal levels off, open the bypass \"a!ve and
continue aeration until the absorbance returns to its baseline leveL
Close the bypass valve and remove the aeration de\"ice.

11.2.4.4. Place the aeration device into 100 mL of 1% HNOJ and allow to
bubble rinse until the next sample is analyzed.

11.2.5. Automated determination: Follow instructions provided by instrument
manufacturer.

11.2.6. Perform a linear regression analysis of the calibration standards by ploning
maximum response of the standards vs. concentration of mercury.
Determine the mercury concentration in the samples from the linear
regression fit of the calibration curve. Calibration using computer or
calculation based regression curve fitting techniques on
concentration/response data is acceptable.

11.2.7. All measurements must fall \.vithin the defined calibration range to be valid.
Dilute and reanalyze all samples for analytes that exceed (h~ highest
calibration standard.

11.2.8. If the sample results are negative and the absolute value of the n~gati\'e

result is greater than the reporting limit. the sample must he diluted and
reanalyzed.

11.1.9. Th~ sample::; must Ix allowed to cool to room t~mperature prior l{l analysis
or a del:rcas~ in the response signal can occur.
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11.2.10. Baseline correction is acceptable as long as it is performed after every
sample or after the cev and eCB; resloping is acceptable as long as it is
immediately preceded and followed by a compliant CCV and CCB.

11.2. I I. The following analytical sequence must be used with 7470A and 245.1:

Instrument Calibration
ICV
ICB
Maximum 10 samples
CCV
CCB
Repeat sequence of 10 samples between cevleeB pairs as required to
complete run
CCV
CCB

Refer to Quality Control Section 9.0 and Table II (Appendix A) for quality
control criteria to apply to Methods 7470A and 245.1.

Note: Samples include the method blank. LCS, MS. MSD. duplicate. field
samples and sample dilutions.

11.2.12. The follo\\<ing run sequence is consistent with 7470~ CLP and 245.1 and
may be used as an alternate to the sequence in 11.2.11. This run sequence
is recommended if multiple method requirements must be accommodated
in one analytical run:

Instrum~nt Calibration
ICV
ICB
CRA'
CCV
CCB
10 samples
CCV
CCB
ReJXul :->equ~m:c uf 10 samples lxtween CCV/CC~ pairs as required tn

c(lmpkt..: run.
ce\'

'. cell
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Refer to the appropriate CLP SOP (CORP-MT-0006) for quality control
requirements for QC samples.

• Refer to the CLP SOP for information on the CRA.

11.2.13. For TCLP samples, full four point MSA will be required if all afthe
following conditions are met:

1) recovery of the analyte in the matrix spike is not at least 50%.

2) the concentration of the analyte does not exceed the regulatory level.
and,

3) the concentration of the analyte is within 20% of the regulatory level.

The reporting and matrix spike levels for TCLP analyses are detailed in
Table I (Appendix A). Appendix E provides guidance on performing MSA
analyses. For TCLP mercury detenninations, MSA spikes must be added
prior to sample preparation.

11.3. To facilitate the early identification of QC failures and samples requiring rerun it is
strongly recommended that sample data be revie\ved periodically throughout the run.

11A. Guidelines are provided in the appendices on procedures to minimize contamination
of samples and standards. preventive maintenance and troubleshooting.

11.5. One time procedural variations are allowed only if deemed necessary in the
professional judgment of supervision to accommodate variation in sample matrix.
radioactivity. chemistry, sample size. or other parameters. Any variation in procedure
shall be completely documented using a Nonconformance Memo and is approvc:d by
a Technical Specialist and QA Manager. If contractually required, the cli~m shall be
notified. The Nonconformance Memo shall be filed in the project file.

11.6. Any unauthorized de\"iations from this procedure must also be documented as a
nonconformance. v. ith a cause and corrective action described.

12. DATA ANALYSIS AND C.-\LCTLATlONS

12.1. ICV percent reco\"t:ri~s an~ calculated according to the equation:
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12.2. CCV percent recoveries are calculated according to the equation:

%R=l,J FOUnd(CCV))
"'\ True(CCV)

12.3. Matrix spike recoveries are calculated according to the following equation:

Where:
SSR = Spike Sample Result
SR = Sample Result
SA - Spike Added

12.4. The relative percent difference (RPD) of matrix spike/matrix spike duplicates or
sample duplicates are calculated according to the following equations:

RPD= 10
IMSD-MS!

( MSD
2
+MS)

\Vhere:
MS = determined spiked sample concentration
MSD = determined matrix spike duplicate concentration

RPD =10
IDUI- DU21

( Di-I; Dii2)

Where:
DU 1 = Sample result
DU~ = Sample duplicate resull

12.5. The final concenLration lor an aqueous sample is calculated as follows:

In,!!:!." C x [)

Where:
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C = Concentration (mgIL) from instrument readout
D = Instrument dilution factor

12.6. The LCS percent recovery is calculated according 10 the following equation:

%R = IOJ FOUnd(LeS»)
"\. True( LeS)

12.7. Appropriate factors must be applied to sample values if dilutions are performed.

tl.8. Sample results should be reported v.rith up to three significant figures in accordance
with the Quanterra significant figure policy.

13. METHOD PERFORMANCE

13.1. Each laboratory must have initial demonstration of performance data on file for each
analyte of interest as described in Section 9.0.

13.2. Method perfonnance is detennined by the analysis of method blanks, laboratory
control samples, matrix spike and matrix spike duplicate samples. The matrix spike
recovery should fall within +/- 25 % and the matrix spike duplicates should compare
within 20% RPD. The method blanks must meet the criteria in Section 9.3. The
laboratory control sample should recover Vlithin 20% of the true value until in house
limits are established.

13.3. Training Qualification:

The group/team leader has the responsibility to ensure that this procedure is
performed by an associate who has been properly trained in its use and has the
required experience.

14. POLLUTION PREVENTION

14. I. This method allows for the proportional reduction of sample and reagent volumes to
decrease waste generation.

15. WASTE MANAGEMENT

15.1. Waste generated in the proc..:dure must be segregated and disposed according 10 th~

facility 9.c:u-ardoliS waste procl.:dlln:s. The En\'ironmental Health and Safety DireCh)r
should be contacted if additional information is required.
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16.1. Test Methods for Evaluating Solid Waste, PhysicallChemicai Methods, SW-846, 3rd
Edition, Final Update II, Revision I, September 1994, Method 7470A (Mercury).

16.2. "Methods for the Chemical Analysis of Water and Wastes", EPA-600/4-79-D20,
U.S.EPA, Aul!USt 1983, Method 245.1.

16.3. U.S.EPA Statement of Work for Inorganics Analysis; ILM03.0.

16.4. QA-D03, Quanterra QC Program.

16.5. QA-004, Rounding and Significant Figures.

16.6. QA-D05, Method Detection limitS.

17. MISCELLANEOUS (fABLES, APPENDICES, ETC.

17.1. Modificationsllnterpretations from reference method.

17.1.1. Modifications from both 7470A and 245.1.

)
,

17.1.1.1. The 200 series methods and Chapter 1 ofSW846 specify the use of
reagent ..vater \\ith a purity equivalent to ASTM Type II water.
This SOP specifies the use of a Millipore Dr system or equivalent
to produce reagent water. This SOP requires that reagent water
must be free of the analytes of interest as demonstrated through the
analysis of method blanks.

17.1.1.2. This SOP 3110\'':5 for the use of reduced sample volumes to
decrease \\"aste generation. Reagent levels are adjusted to maintain
the same ratios as stated in the source methods. According [0 a
lener from Robert Booth of EPA EMSL·Cinn to David Payne of
EPA Region V. ··R~duction in sample size and appropriate
corresponding reduction in sample volume is not considered a
significant chang.e in the m~thodoh)gy.··

17.1.1.3.

..........

The alternate run sequence presented in Section 11.2.! 2 is
consistent with method r~uirem~nts. An additional QC analysis
tCR..:~ I \\as add~d to accllmmodate the CLP protocol requirements .
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17.1.2.1. Chapter 1of SW-846 states that the metliod blank should not
contain any analyte of interest at or above the 'MDL. This SOP
states that the method blank must not contain any analyte of
interest at or above the reporting limit.

17.1.2.2. Docwnentation is on file from EPA's Office of Solid Waste
(Olliver Fordham 11/28/95) regarding the acceptance of the
autoclave as an equivalent heating device to the water bath. In his
lener, Mr. Fordham cited the CLP water protocol 245.1 CLP-M
and therefore the operating parameters from that method were
adopted for 7470A (15 minutes at 120·C and 15 Ibs.).

17.1.2.3. Method 7470A does not state control criteria within the text of the
method. The QC section of 7470A refers the analyst to Section 8.0
of Method 70aOA, the generic atomic absorption method., which
discusses flame and furnace methods. The ICV criteria stated in
Method 70aDA is ± 10%. This SOP requires ICV control limits of
± 20% based on the fact that the mercury ICV, unlike the ICV for
the flame and furnace analytes, is digested and therefore is
equivalent to a LCS. The CLP protocol 245.1 CLP-M recognizes
this factor and requires control limits of ± 20%.

17.1.3. Modifications from 245.1

17.1.3.1. Method 245.1 Section 9.3 states concentrations should be reponed
as follows: Between 1 and 10 ugIL, one decimal; above 10 ug/L.
to the nearest whole number. Quanterra reports all Hg results
under this SOP to two significant figures.

17.2. Modifications from previous SOP

None.

17.3. Facility Specific SOPs

Each facility shaD anach a list of fucility sp~cific SOPs or approved attachments (i f
applicable) which are required ((I implement this SOP or which are used in
conjunction with this SOP. If no facility :i~l:ific SOPs or amendments art: 10 be
anach~d. a statement muSt be attal:h,.;d spcl:ilYing that there are none. Refer to the
Appendices for any facilit:y spo;:citil.: inlllmlalion required to :iuppon this SOP.
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The following documentation comprises a complete CVAA ·raw data package:

• Raw data (direct instrument printout)

• Run log printout from instrument software where this option is available or
manually generated run log. (A bench sheet may be substituted for the run log as
long as it contains an accwate representation of the analytical sequence).

• Data review checklist - See Appendix B

• Standards Documentation (souTce.loL date).

• Copy of digestion log.

• Non-confonnance summary (if applicable).
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Figure 1. Aqueous Sample Preparation - Mercury
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Figure 2. CVAA Mercury Analysis
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TABLE I. MERCURY REPORTL"IG LIMITS, CALIBRAnON STANDARD', QC
STANDARD AND SPIKING LEVELS (MGIL) _

Standard Aqueous RL 0.0002

TCLP RL 0.002

Std 0 0

Std 1 0.0002

Std 2 0.0005

Std 3 0.001

Std 4 0.002

Std 5 0.005

Std 6·· 0.010

ICY 0.001 or 0.0025 •••

LCS'CCY 0.0025 or 0.005 ...

Aqueous MS 0.001

TCLP ~S 0.005

, SOP specified calibration levels must be used unless prevented by the instrument
configuration or client specific requirements. Deviations from specified calibration levels
must be documented in the facility specific instrument operation SOP and must be
approved by the facility technical manager and Quality Assurance Manager.

H Optional standard which may be used to extend the calibration range as allowed by the
instrument configuration. If the instrument configuration prenots the use of 6 standards,
the 2 ppb standard may be eliminated in fa"·or of the 10 ppb standard.

**. Concentration lenl dependent on high calibration standard used. CCV must be 50% of
high standard cQ~centrationand ICV must be 20-25°;', nf high standard concentration.
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TABLE II. Summarv Of Qualitv Control Requirements. .
QC PARAMETER FREQUENCY' ACCEPTANCE CORRECTIVE

CRITERIA ACTION
ICV Beginning of every 90-110 %recovery. Terminate analysis;

analytical run. Correct the problem;
Recalibrate or reprep
batch (see Section 9.7).

ICB Beginning of every The result must be within Tenninate analysis;
analy1ical run, +/~ RL from zero. Correct the problem;
immediately following Recalibrate or reprep
the ICV. batch (see Section 9.7).

CCV Every 10 samples and 80 - 120 % recovery. Terminate analysis;
at the end of the run. Correct the problem;

Recalibrate and rerun all
samples not bracketed by
acceptable CCV or
reprep batch (see Section
9.8).

CCB Immediately The result must be within Terminate analysis;
following each CCV. +/- RL from zero. Correct the problem;

Recalibrate and rerun all
samples not bracketed by
acceptable CCB or
reprep batch (see Section
9.8).

Method Blank One per sample The result must be less Redigest and reanalyze
preparation batch of than or equal to the RL. samples.
up to 20 samples.

Sample results greater Note exceptions under
than 20x the blank criteria section.
concentration are
acceptable. See Section 9A for

additional requirements.
Samples for which the
contaminant is < RL do

I
not require redigestion .
(S.. Soction 9.4).

.• " ?I.

·See Sectillns 11.2.1·I"and 11.2.12 for exact run sequence to ~ toIIO\\l:d.
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TABLE II Summarv of Quality Control Requirements (Continued). .
QC PARAMETER FREQUENCY ACCEPTANCE CORRECTIVE

CRITERIA ACTION
Laboratory Control One per sample Aqueous LCS must be Terminate analysis;
Sample (LCS) preparation batch of within 80 - 120"/0 recovery Correct the problem;

up to 20 samples. or in-house control limits. Redigest and
reanalyze all samples
associated with the
LCS (see Section 9.5).

Matrix Spike One per sample 75 - 125 %recovery or in- In the absence of
preparation batch of house control limits. If the client specific
up to 20 samples. MSIMSD is out for an requirements. flag the

analyte, it must be in data: no flag required
control in the Les. if the sample level is>

4< the spike added.
(see Section 9.6)

For TelP see Section
11.1.13

Matrix Spike See Matrix Spike 75 - 125 % recovery or in- See Corrective Action
Duplicate house control limits: RPD for Matrix Spike.

520%. (See MS)

-'.
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RunIProjKt In(orm,uion

RUD Date: _::-___ Aualyst:_________ Instrument: _
Prtp Batches Run: _

Circle Methods used: 7470A /245.1 : CORP·MT-0005 Rev I
CLP - AQ : CORP·MT..()(}()6 Rev 0

Review Items

7471 /245.5
CLP-SOL

CORP-MT-0007 Rev 1
CORP-MT-0008 Rev 0

A. Calibrationllnstrumenl Run QC Yes No I N/A 2ndLevei
I. Instrument calibrated per manufacturer's instructions and at SOP

specified lenls ?
2. ICV/CCV analyud at appropriate fr~uenc:y and within c:ontrollimits?
3. ICBleeR analyud at appropriate frequency and witbin +/- RL or +/-

CRDL(CLP)?
4. eRA run (elP only)?

B. Sample Results
.

I. Were samples with concentrations> the high calibration standard
diluted and r~analyzed?

2. All report~d results bracketed by in control QC ?
3. Sampl~ analyses done within holding time?
C. PrepantionlMatrix QC
I. LCS done per pr~p batch and within QC limits ?
2. Method blank don~ per prep batch and < RL or CRDL (CLP) ?
3. MS run at required frequenq' and within limits ?
4. MSD or DU run at requir~d fr~qu~ncy and RPD within SOP limits?
D. Oth~r

t. Are all nanconformances doc:um~nt~d appropriat~ly?

2. Curr~nt IDUMDL data on file?
3. Calculattons and Transcriptions checked for error?
4. All client! project specific r~quirem~nlS met?
5. Date of analysis \'erified as comei:t ?

Analyst: _

Comm~Dts:

2nd Level Re\'i~wer : _

Dat~: _

Date: _
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Four equal volume aliquots of sample are measured and known amounts ofstandards are added to
three aliquots. The fOuM aliquot is the unknown and no standard is added to it. The concentration
of standatd added to the first aliquot should be 50010 of the expected concentration. The
concentration of standard added to the second aliquot should be 100% afthe expected concentration
and the concentration of standard added to the third aliquot should be 150% afthe expected
concentration. The volume afthe unspiked and spiked aIiqUOlS should be the same (i.e.. the volume
afthe spike added should be negligible in relation to the volume of sample).

To determine the concentration of analyte in the sample, the absorbance (or response) of each
solution is detennined and a linear regression performed. On the venical axis the absorbance (or
response) is ploned versus the concentrations of the standards on the horizontal axis using 0 as the
concentration of the unspiked aliquot. An example plot is sho\\ln in Figure 1. \Vhen the resulting
line is extrapolated hack to zero absorbance. the point of interception of the horizontal axis is the
concentration of the unknown. Calculate the correlation coefficient (r) and the x-intercept (where
~=O) of the curve. The concentration in the digestate is equal to the negative x-intercept.

Figure 1
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• For the method of standard additions to be correctly applied, the folloWing limitations must be
taken into consideration.

• The plot afthe sample and standards must be linear over the concentration range of concern. For
best results. the slope afthe curve should be similar to that of a plot of the aqueous standard
curve.

• The effect of the interference should not vary as the ratio afthe standard added to the sample
matrix changes.
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Problem Possible Cause

Poor or No Absorbance or Incorrect wavelength
Sensitivity Check failed Dirty windows

Window loose
Etched or dirty optics
Wrong lamp
Bad lamp
Not enough or no sample introduced
Empty sample cup
Incorrectly made standards
Gas leak
EDL power supply set on "'Continuous"

Erratic Readings Source lamp not aligned properly
Lamp not prewarmed
Injection tip panially clogged
Contaminated reagents
Contaminated glassware
Drying rube saturated
Bad lamp
Injection tip hining outside of tube
Injection tip coated or not set properly
Leak in sample tubing
Power fluctuations
Air bubbles in tubing

EDL Won"t Light Lamp cable not plugged in
Lamp power set at 0
Lamp is dead
Power supply fuse is blown
Short in cord

Standards reading twice or half Inl:orrect standard used
nonnal absorbance or concentration Incorrect dilution perfonned

Di~ cell

Background Correction Light Blinking Bad..g,n,mnd Sl:r~en or an~nuator faul~
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CONTAMINATION CONTROL GUIDELINES
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The following procedures are strongly recommended to prevent cootamination:

All work areas used to prepare standards and spikes should be cleaned before and
after each use.

All glassware should be washed with detergent and tap water and rinsed with I: 1
nitric acid followed by deionized water.

Proper laboratory housekeeping is essential in the reduction of contamination in the
metals laboratory. All work areas must be kept scrupulously clean.

Powdered or Latex Gloves must not be used in the metals laboratory since the powder
contains silica and zinc. as well as other metallic analytes. Only vinyl or nitrile
gloves should be used in the metals laboratory.

Glassware should be periodically checked for cracks and etches and discarded if
found. Etched glass'Ware can cause cross contamination of any metallic analytes.

Autosampler trays should be covered to reduce the possibiliry of contamination.
Trace levels of elements being analyzed in the samples can be easily contaminated by
dust particles in the laboratory.

The following are helpful hints in the identification of the source of contaminants:

Reagents or standards can contain contaminants or be contaminated with the improper
use of a pipene.

Improper cleaning of glassware can cause contamination.

Separate glass\N1ire if an unusually high sample is analyzed and soak with sulfuric
acid prior to routine cleaning.

_.
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APPENDIX F. PREVENTIVE MAINTENANCE

A maintenance log is used to record when maintenance is performed on instruments. \\'ben an
instrument problem occurs indicate the date. time and instrument nwnber. then identify ~e problem
and corrective action in the maintenance log.

The fonawing procedures are required to ensure that that the instrument is fully operational.

Cold Vapor Atomic Absorption (Leeman PS 200)Ul.

Dail~' Semi-annually Annually

Clean lens. Check Hg lamp intensity. Change Hg lamp.

Check aperture. Check liquid/gas separator.

Check argon flow.

Check tubing.

Check. drain.

Replace drying tube.

Cold Vapor Atomic AbsorptiOD (PE 5000)111

Daily Monthly

Ckan aspiralOf b~ flushing with 01 water. Ckan cell in aqua regia.

Ch~ck lubmg and replace if needed. C1e;)n aspirator in aqua regia.

CI~an \\ indows \\ ilh methanol.

Ch3ng< jilica gd in drying tube.
.

Ch~cl.. ;lrgon gas supply. -

·\J.lU~l hlmp.
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1.1. This method covers the determination of fluoride, chloride, nitrite, bromide, nitrate,
ortho-phosphate and sulfate in drinking water, surface water, mixed domestic and
industrial wastewaters, groundwater, reagent waters, solids (after extraction 11.7) and
leachates (when no acetic acid is used).

2. SUMMARY OF METHOD

2.1. A 25 uL volume of sample is introduced into the ion chromatograph. The sample is
pumped through three different ion exchange columns and into a conductivity detector.
The first two columns, a precolumn or guard column and a separator column, are packed
with low-capacity, strongly basic anion exchange resin. Ions are separated into discrete
bands based on their affinity for the exchange sites of the resin. The last column is a
suppresser column that reduces the background conductivity of the eluent to a low or
negligible level and converts the anions in the sample to their corresponding acids. The
separated anions in their acid form are measured using an electrical conductivity cell.
Anions are identified based on their retention times compared to known standards.
Quantitation is accomplished by measuring the peak height or area and comparing it to a
calibration curve generated from known standards.

3. DEFINITIONS

3.1. Refer to the glossary in the Quality Assurance Management Plan (QAMP).

4. INTERFERENCES

4.1. Interferences can be caused by substances with retention times that are similar to and
overlap those of the anion of interest. Large amounts of an anion can interfere with the
peak resolution of an adjacent anion. Sample dilution and/or fortification can be used to
solve most interference problems associated with retention times.

4.2. The water dip or negative peak that dUkS near. and can interfere with. the fluoride peak
can usually be eliminated by the addition of concentrated eluent to each standard and
sample.

4.3. Method interferences may be caused by cl)ntaminants in the reagent water. reagents.
glassw<ft€.at1d other sample processing apparatus that lead to discrete artifacts or an
elevated baseline in the ion chromatograms.
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4.4. Any anion that is not retained by the column or only slightly retained will elute in the
area of fluoride and interfere. Known coelution is caused by carbonate and other small
organic anions. At concentrations of fluoride above 1.5 mgIL, this interference may not
be significant; however, it is the responsibility of the user to generate precision and
accuracy information in each sample matrix.

4.5. The acetate anion elutes early during the chromatographic run. The retention times of the
anions also seem to differ when large amounts of acetate are present.•Therefore, this
method is not recommended for leachates of solid samples when acetic acid is used for
pH adjustment.

5. SAFETY

5.1. Procedures shall be carried out in a manner that protects the health and safety of all
Quanterra associates.

5.2. Eye protection that satisfied ANSI 287.1 (as per the Chemical Hygiene Plan), laboratory
coat. and appropriate gloves must be worn while samples, standards, solvents, and
reagents are being handled. Disposable gloves that have been contaminated will be
removed and discarded; other gloves will be cleaned immediately.

5.3. The health and safety hazards of many of the chemicals used in this procedure have not
been fully defined. Additional health and safety information can be obtained from the
Material Safety Data Sheets (MSDS) maintained in the laboratory.

5.3.1. The following chemicals are known to be highly corrosive:

sulfuric acid

5.4. Exposure to chemicals must be maintained as low as reasonably achievable. therefore:
unless they are known to be non-hazardous. all samples must be opened, transferred and
prepared in a fume hood. or under other means of mechanical ventilation when possible.
Solvent and waste containers will be kept closed unless transfers are being made.

5.5. The preparation of standards and reagents will be conducted in a fume hood \-'lith the sash
closed as far as the operation will permit.

5.6. All work must be stopped in the event of a known or potential compromise to the health
and safety of a Quanterra associate. The situation must be reponed immediately to a

"'c','""",,, .•
laboratory-supervIsor.
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6.1. Balance - Analytical, capable ofaccurately weighing to the nearest 0.0001 g.

6.2. Ion Chromatograph - Analytical system complete with ion chromatograph and all
required accessories including analytical columns, compressed gases and detectors.

6.2.1. Anion guard column: A protector ofthe separator column. If-omitted from the
system the retention times will be shorter. Usually packed with same substrate as
the separator column. 4 x 50 mm, Dionex AG4A-SC PIN 43175, or equivalent.

6.2.2. Anion separator column: The separation shown in Figure 1 was generated using a
Dionex AS4A-SC column (PIN 43174). Equivalent column may be used if
comparable resolution is obtained, and.the requirements of Sect. 9.2 can be met.

6.2.3. Anion suppresser device: Dionex anion micro membrane suppresser (PIN 37106)
or equivalent.

6.2.4. Detector -- Conductivity cell: approximately 1.25 uL internal volume, Dionex, or
equivalent.

6.2.5. Dionex AI - 450 Data Chromatography Software or equivalent.

6.3. Assorted laboratory glassware (pipettes, volumetric flasks, etc.).

7. REAGENTS AND STANDARDS

7.1. Reagent grade chemicals shall be used in all tests. Unless otherwise indicated. it is
intended that all reagents shall confonn to the specifications of the Committee on
Analytical Reagents of the American Chemical Society. where such specifications are
available. Other grades may be used. provided it is first ascertained that the reagent is of
sufficiently high purity to pennit its use without lessening the accuracy of the
detennination.

7.2. Reagent water: Distilled or deionized water. free of the anions of interest. Water should
contain particles no larger than 0.20 microns.
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7.3. Eluent solution: sodium bicarbonate (CASRN 144-55-8) 1.7 roM, sodium carbonate
(CASRN 497-19-8) 1.8 mM. Dissolve 2.856 g sodium bicarbonate (NaHC03) and 3.816
g of sodium carbonate (Na2C03) in reagent water (7.2) and dilute to 100 mL in a
volumetric flask. Take 10 mL of this concentrated eluent solution and dilute to 2 L for
use as the wor~g eluent solution or dissolve the entire bicarbonate/carbonate amount in
20 L ofreagent water.

7.4. Regeneration solution (micro membrane suppresser): Sulfuric acid (CASRN-7664-93-9)
0.025N. Dilute 2.8 mL concentrated sulfuric acid (H2S04) to 4 L 'With reagent water.

7.5. Stock solutions (1,000 mglL): All stocks may be prepared as described below- or
purchased from commercial sources. Primary and secondary sources are required for
each target analyte.

7.5.1. Fluoride stock solution (1.00 rnL = 1.00 mg F-): In a I liter volumetric flask.
dissolve 2.2100 g of sodium fluoride (NaF) in reagent water, and dilute to volume
with reagent water. Store in chemical- resistant glass or polyethylene.

7.5.2. Chloride stock solution (l.00 rnL = 1.00 mg en: Dry sodium chloride (NaCl) for
12 hours at 105°C, and cool in a desiccator. In a I liter volumetric flask, dissolve
1.6485 g of the dry salt in reagent water and dilute to volume with reagent water.

7.5.3. Nitrite stock solution (1.00 mL = LOO mg N02• - N): Place approximately 10.0 g
of sodium nitrite (KN02) in a 125 mL beaker and dry to constant weight (about 24
hours) in a desiccator. In a I liter volumetric flask, dissolve 6.0790 g of the dried
salt in reagent water and dilute to volume with reagent water. Store in a sterilized
glass bottle. Refrigerate and prepare monthly.

• Nitrite is easily oxidized. especially in the presence of moisture, and onl,:
fresh reagents are to be used.

• Prepare sterile bottles for storing nitrite solutions by heating for I hour at
170°C in an air oven.

7.5.4. Bromide stock solution (l.00 mL = 1.00 mg Bn: Dry approximately 5.0 g of
sodium bromide (NaBr) for 12 hours at !OS°e. and cool in a desiccator. In a I
liter volumetric flask. dissolve 1.2876 g of the dried salt in reagent water and
dilute to volume with reagent water.
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7.5.5. Nitrate stock solution (1.00 mL = 1.00 mg N03' - N): Dry approximately 10.00 g
of sodium nitrate (KN03) at 105°C for 24 hours. In a 1· liter volumetric flask,
dissolve 7.2200 g of the dried salt in reagent water and dilute to volume with
reagent water.

7.5.6. Phosphate stock solution ( 1.00 mL = 1.00 mg P04 - P): Dry approximately 10.00
g ofpotassium dihydrogen phosphate (KH2P04) for 1 hour at 105°C and cool in a
desiccator. In a 1 liter volumetric flask, dissolve 4.3937 g of .the dry salt in
reagent water and dilute to volume with reagent water.

7.5.7. Sulfate stock solution ( 1.00 mL = 1.00 mg S04-2): Dry approximately 5.00 g of
potassium sulfate (K2S04) at 105°C for 1 hour and cool in a desiccator. In a 1
liter volumetric flask, dissolve 1.8141 g of the dried salt in reagent water and
dilute to volume with reagent water.

7.6. Working standards: Prepare calibration standard #5 in a 250 mL volumetric flask and
transfer to a vial. Adjust the amount of stock solution used to prepare the working
standards if the stock concentration differs from 1000 mg/L as assumed below.

Calibration Standard #5

Analyte mL ofStoek Final Cone.

Fluoride 2.5mL 10.0 mgiL

Chloride 50mL 200. mg/L

Nitrite 2.5 mL 10.0 mg!L

Bromide 10 mL 40.0 mg.!l

Nitrate 2.5 mL 10.0 mg/L

Ortho-Phosphate 2.5 mL 10.0 mg'L

Sulfate 50 mL 200. mgT -

7.6.1. In ~ mL PolyVials prepare the following calihration standards in reagent grade
water. Final concentrations ','[working standards are shown below.
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Calibration Standard #4: take 2.50 mL of calibration standard #5 and add 2.50 mL
ofreagent water.

Calibration Standard #2: take 250 JlL ofcalibration standard #5 and add 4.75 mL
ofreagent water.

Calibration Standard #1: take 25.0 JlL ofcalibration standard #5 and add 4.95 mL
ofreagent water.

Calibration Standard #3: take 1.25 mL of calibration standard #5 and add 3.75 mL
ofreagent water.

Calibration Standard #1

Analyte 25.0 J,1L of Cal Final Cone
Std #5

Fluoride 0.05 mgIL

Chloride 1.0 mg/L

Nitrite 0.05 mg/L

Bromide 0.20 mg/L

Nitrate 0.05 mgIL

Ortho-Phosphate 0.05 mg/L

Sulfate 1.0 mg''L
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.-

Analyte 250 Jl.L of Cal Final Cone.
Std#5

Fluoride 0.5 mgIL

Chloride 10. mgIL

Nitrite 0.5 mgIL

Bromide 2.0 mgIL

Nitrate 05 mgIL

Ortho-Phosphate 0.5 mgIL

Sulfate 10. mgIL

Calibration Standard #3

Analyte 1.25 mL of Cal Final Cone.
Std #5

Fluoride 2.5 mgIL

Chloride 50. mg/L

Nitrite 2.5 mg/L

Bromide 10. mgfL

Nitrate 2.5 mgil.

Ortho- Phosphate 2.5 mg'L

Sulfate 50. mg/L .
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...

Analyte 2.5 mL of Cal Std Final Cone.
#5

Fluoride 5.0 mgIL

Chloride 100 mgIL

Nitrite 5.0mgIL

Bromide 40. mgIL

Nitrate 5.0 mg/L

Ortho-Phosphate 5.0 mg/L

Sulfate 100 mg/L

7.6.2. Prepare or purchase a secondary stock standard(s) using a standards source other
than that used for the primary standards as described in Section 7.5. Dilute these
stock standards to 200 mL in a volumetric flask as indicated in the table below to
prepare the mixture to be used for the LCS/matrix spike and CCV solution.
Adjust the amount of stock solution used to prepare the working standards if the
stock concentration differs from 1000 mgIL as assumed below.

LCS / Matrix Spiking & Continuing Calibration Verification Solution

Anal)1e mL of2° Stock Soln Final Cone.
(Vf=200mll

Fluoride 0.50 mL 2.5 mgiL

Chloride 10. mL 50. mg/L

Nitrite 0.50 mL 2.5 mg/L

Bromide 2.0mL 10. mg!L

-
Nitrate 0.50 mL 2.5 mg/L

Ortho Ph{)sphate 0.50 mL 2.5 mg/L

Sulfate 10. mL 50. mgT I
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NOTE: Stock standards (7.5), calibration standard #5 (7.6) andLCS standard (7.6.2)
should be stored in the dark at 4 0c. Replace these standards when instrument response
indicates target analyte degradation may have occured or after 6 months, which ever
occurs first. Nitrite and ortho-phosphate are particularly light and oxygen sensitive.

8. SAMPLE COLLECTION, PRESERVATION AND STORAGE

8.1. Samples should be collected in plastic or glass bottles. All bottles must be thoroughly
cleaned and rinsed with reagent water. The volume collected should be sufficient to
ensure a representative sample, allow for replicate analysis, if required, and minimize
waste disposal.

8.2. Sample preservation and holding times for the anions that can be determined by this
method for water samples are as follows:

Analyte Preservation Holding Time

Fluoride 4° C 28 days

Chloride 4°C 28 days

Nitrite 4° C 48 hours

Bromide 4° C 28 days

Nitrate 4° C 48 hours

Ortho Phosphate 4°C 48 hours

Sulfate 4° C 28 days

Note: Soil leachates will follow the same preservation and holding times as the water samples:
starting from the time of extraction.
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9.1. The Quanterra QC Program docwnent provides further details of the QC and corrective
action guidelines presented in this SOP. Refer to this document if additional guidance is
required.

9.2. Table I provides a summary of quality control requirements including type, frequency,
acceptance criteria and corrective action.

9.3. Initial Demonstration of Capability

9.3.1. Prior to the analysis of any samples by Ion Chromatography. the following
requirements must be meet:

9.3.1.1.Method Detection Limit (MDL): An MDL must be determined prior to
analysis of any samples. The MDL is detennined using seven replicates of
reagent water spiked with the anions of interest or standard solid reference
material spiked with the anions of interest that has been carried through
the entire analytical procedure. MDLs must be redetermined on an annual
basis. The spike level must be greater than the calculated MOL should be
less than lOx the MOL. The result of the MDL determination must be
below the Quanterra reporting limit.

9.4. Batch definition: Preparation and QC batch definitions are. provided in the Quanterra QC
Policy.

9.5. Method Blank (MB): One method blank must be processed with each preparation batch.
The method blank consists of reagent grade water that has been taken through the entire
preparation and analytical process. The method blank is used to identify any system and
process interferences or contamination of the analytical system that may lead to the
reporting of elevated anaf:,-re concentrations or false positive data. The method blank
should not contain any analyte of interest above the reporting limit.

9.6. Laboratory Control Sample (LCS): One LCS must be processed with each preparation
batch and must be carried through the entire analytical procedure; The LCS !S used to
monitor the accuracy of the analytical process. On-going monitoring of the LCS results
provides evidence that the laboratory is performing the method \-vithin acceptable
accurac:'arfa precision guidelines. If the result is outside established control limits the
system is out of control and corrective action must occur. Until in-house limits are
established. a contra I limit of90 - 110% recovery must be applied. Ctlrrecri\'e action "viII
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be repreparation and reanalysis ofthe batch unless the client agrees that other corrective
action is acceptable. The LCS consists of reagent grade water containing a known
amount oftarget analytes that has been injected into the ion chromatography system. The
LCS is prepared from a separate stock standard, or neat material, ofa different
manufacturer than the stock, or neat material, used to prepare the calibration standard.

9.7. Matrix SpikelMatrix Spike Duplicate (MSIMSD): One MSIMSD pair must be processed
for each QC batch. A matrix spike (MS) is a field sample to which akno\\-TI
concentration of target analyte has been added. A matrix spike duplicate (MSD) is a
second aliquot of the same sample (spiked identically as the MS) prepared and analyzed
along with the sample and matrix spike. Some client specific DQO's may require the use
of sample duplicates in place of or in addition to MSIMSD's. The MSIMSD results are
used to determine the effect of a matrix on the precision and accuracy of the analytical
process. Due to the potential variability of the matrix of each sample, these results may
have immediate bearing only on the specific sample spiked. Spiking levels \\-ill be the
same as the LCS values.

• If the MSIMSD recovery or RPD falls outside the acceptance range, the recovery of
the analyte must be in control for the LCS. Until in-house control limits are
established. a control limit of90-11 0% recovery and 20% RPD must be applied to
the MS/MSD.

• If the native analyte concentration in the MS/MSD exceeds 4x the spike level for
that analyte. the recovery data are reported as NC (i.e. not calculated).

• If the LCS recovery is within limits, then the laboratory operation is in control and
the results may be accepted.

• If the recovery of the LCS is outside the limits. corrective action must be taken.
Corrective action will include repreparation and reanalysis of the batch.

• If a !\·(S 'MSD is not possible due to limited sample volume then a LCS duplicate
must be analyzed. The RPD of the LCS and LCSD must be compared to the matrix
spike Iim its.

9.8. Continuing Calibration Verification (CCVICCB): Continuing calibration is verified by
analyzing the calibration standard after every ten (l0) samples. The CCY must fall
'Nithin +i- IOOiO of the true 'value for each target analyte. A CCB is analyzed immediately
following the CCV to monitor low level accuracy and system cleanliness. The CCB
result must b~' bel<.w" the reporting limit for that analyte. If either the CCV ~)r CCB fail to
meet criterIa. the analysis must be terminated. the problem corrected and repreparation
and analysis of all :,arnpks following the last CCY and CCB which \\ere in wntrol.
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10.1. Establish ion chromatographic operating parameters equivalent to those indicated in table
2.

10.2. For each analyte of interest, prepare 5 calibration standards and a blank by adding
accurately measured volumes of one or more stock standards to a volumetric flask and
dilution to volume with reagent water. Ifa sample analyte concentration exceeds the
calibration range the sample may be diluted to fall within the range. If this is not possible

·then three new calibration concentrations must be chosen, two ofwhich must bracket the
concentration of the sample analyte of interest. Each attenuation range of the instrument
used to analyze a sample must be calibrated individually.

10.3. Using an injection volume of25 uL of each calibration standard, tabulate peak height or
area responses against the concentration. The results are used to prepare a calibration
curve for each analyte. During this procedure, retention times must be recorded. All
analytes will be calibrated using a quadratic regression forced through the origin.
Correlation coefficients (R2

) must be 0.995 or better.
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11.1. One time procedural variations are allowed only ifdeemed necessary in the professional
judgment of supervision to accommodate variation in sample matrix, radioactivity,
chemistry, sample size, or other parameters. Any variation in procedure shall be
completely documented using a Nonconformance Memo and is approved by a Technical
Specialist and QA Manager. If contractually required, the client shall be notified. The
Nonconformance Memo shall be filed in the project file.

11.2. Any unauthorized deviations from this procedure must also be documented as a
nonconformance, with a cause and corrective action described.

11.3. Table 2 summarizes the recommended operating conditions for the ion chromatograph.
Included in this table are estimated retention times that can be achieved by this method.
Other columns, chromatographic conditions, or detectors may be used if the requirements
of Sect. 9.2 are met.

11.4. Check system calibration daily and, if required, recalibrate as described in Sect 10.

11.5. Load and inject a fixed amount (25 uL) of settled & filtered sample. If the sample is
cloudy then it should be tiltered prior to loading into the autosampler polyvial. Flush
injection loop thoroughly. using each new sample. Use the same size loop for standards
and samples. Record the resulting peak size in area or peak height units. An automated
constant volume injection system may also be used.

11.6. The width of the retention time window used to make identifications should be based
upon measurements of actual retention time variations of various concentration. Three
times the standard deviation of a retention time can be used to calculate a suggested
window size for each analyte. However, the experience of the analyst should weigh
heavily in the interpretation ofchromatograms since retention time is concentraition
dependent for most analytes..

11.7. If the response for the peak exceeds the working range of the system. dilute the sample
with an appropriate amount of reagent water and reanalyze.
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11.8. Ifthe resulting chromatogram fails to produce adequate resolution, or if identification of
specific anions is questionable, fortify the sample with an appropriate amount of standard
and reanalyze.

NOTE: Retention time is inversely proportional to concentration. Nitrate and sulfate
exhibit the greatest amount ofchange, although all anions are affected to some
degree. In some cases this peak migration may produce poor resolution or
identification.

11.9. The following extraction should be used for solid materials: Add an amount of reagent
water equal to ten times the weight ofdry solid material taken as a sample. This slurry is
mixed for ten minutes using a magnetic stirring device. Filter the resulting slurry before
injecting using a 0.45 u membrane type filter. This can be the type that attaches directly
to theend of the syringe. Care should be taken to show that good recovery and
identification ofpeaks is obtained with the user's matrix through the use of fortified
samples.

11.10. Should more complete resolution be needed between peaks the eluent (7.3) can be
diluted. This will spread out the run but will also cause the later eluting anions to be
retained longer. The analyst must detennine to what extent the eluent is diluted. This
dilution should not be considered a deviation from the method.

12. DATA ANALYSIS AND CALCULATIONS

12.1. Prepare a calibration curve for each analyte by plotting instrument response against
standard concentration. Compute sample concentration by comparing sample response
with the standard curve. Multiply answer by appropriate dilution factor.

12.2. Report only those values that fall between the lowest and the highest calibration
standards. Samples exceeding the highest standard should be diluted and reanalyzed.

12.3. Report results in mgiL for aqueous samples and mg/Kg for solid sample leachates.

12.4. Report N01- as N

NO; as N

HPO.- as P

13. METHOD PERFO~ANCE

13.1. The reporting limits for tht: t(lilowing analytes are based on a 25 ul injection \olume:
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Fluoride 1.0 mg/L

Chloride 1.0mg/L

Nitrite 0.5 mg/L

Bromide 0.5 mg/L

Nitrate 0.05 mg/L

O-Phosphate 0.5 mg/L

Sulfate 1.0 mg/L
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Soil RL

10 mg/kg

10 mgIKg

5 mg/kg

5 mglKg

0.5 mgiKg

5 mglkg

10 mgiKg

13.2. The group/team leader has the responsibility to ensure that this procedure is performed by
an analyst who has been properly trained in it's use and has the required experience. The
analyst must be given two blind performance samples to analyze or process for analysis.
Upon successful completion of the performance evaluation (PE) samples, these analyses
will be documented as initial qualification,. Requa1ification must be performed annually
thereafter for this procedure. The group/team leader must document the training and PE
performance and submit the results to the QA Manager for inclusion in the associate's
training files.

14. POLLUTION PREVENTION

14.1. This method does not contain any specific modifications that serve to minimize or
prevent pollution.

15. WASTE MANAGEMENT

15.1. Waste generated in this procedure must be segregated, and disposed of according to the
facility hazardous waste procedures. The Environmental Health and Safety Director
should be contacted if additional information is required.

16. REFERENCES

16.1. Method 300.0. "Determination of Inorganic Anions by Ion Chromatography".
Environmental Monitoring SY$t~m$ Laboratory, Office of Research and Development.
U.S. Environmental Protection Agenc\o. Cincinnati. Ohio. Re\Oision 2.1. August 19930.. -' ..-~, ..... .. -
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16.2. Method 9056, "Detennination ofInorganic Anions by Ion Chromatography", SW846,
Test Methods for Evaluating Solid Waste, Third Edition, Update II, September 1994.

17. MISCELLANEOUS (TABLES, APPENDICES, ETC.•.)

17.1. Attachment #1, method Flow Chart

17.2. Table 1, Quality Control Samples

17.3. Table 2, Standard Instrument Operating Parameters

17.4. Figure 1, Example Chromatogram



DETERMINATION OF INORGANIC ANIONS BY ION
CHROMATOGRAPHY .

SOP No. NC-WC-0084
Revision No: 0
Revision Date: 1/15/97
Page 19 of23

Determination Of Inorganic Anions By Ion Chromatography
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. QUALITY CONTROL SAMPLES

-
QC Samples Frequency Acceptance Corrective Action

Criteria

Initial Calibration At the start of each day +/- 10% of true value Recalibrate and
Verification (ICV) following calibrating reanalyze

prior to sample analysis

Initial Calibration Blank After Initial Calibration < the Reporting Limit Reprepare and
(ICB) Verification and prior to reanalyze

sample analysis

Laboratory Control 1 per batch of20 Meets laboratory Reanalyze all samples
Sample (LCS) samples historical limits associated with

unacceptable LCS

Matrix Spike Sample 1 MSIMSD pair per Meets laboratory Supervisor's technical
tMSIMSD) batch or 20 samples historical limits judgment

Continuing Calibration Between each group of +/- 10% of true value Recalibrate and
Verification (CCV) 10 samples and at the reanalyze all samples

end of the analytical since the last acceptable
sequence CCV

Continuing Calibration Between each group of < the Reporting Limit Recalibrate and
Blank (CCB) 10 samples and at the reanalyze all samples

end of the analytical since the last acceptable
sequence CCB



DETERMINATION OF INORGANIC ANIONS BY ION
CHROMATOGRAPHY

TABLE 2

SOP No. NC-WC-0084
Revision No: 0
Revision Date: 1/15/97
Page 21 of23

Standard Instrument Operating Parameters

Standard Conditions:

Eluent Pump Rate:

Regenerant Flow Rate:

Sample Loop:

Eluent:

Regenerant :

2.0 mL/min.

4 mL/min.

25uL

1.7mM sodium bicarbonate, 1.8mM sodium carbonate

Detector output Baseline conductivity should be 15 - 20 uS prior to sample analysis.

Retention Time Matrix (minutes)*
Concentration (mg/L)

Analyte 0.05 0.2 0.5 1 2 2.5 5 10 20 40 50 100 200

F 1.05 1.05 1.05 1.04 1.03

CI- 1.71 1.75 1.83 1.88 1.97

NO- 2.09 2.1 2.11 2.14 2.192

Br 3.28 3.27 3.23 3.2 3.17

NO' 3.81 3.78 3.68 3.62 3.543

o-pO/- 6.24 6.23 6.19 6.15 6.07
-

SO 2- 8.19 8.12 7.87 7.69 7.434
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* Analyte retention time is concentration dependent for most anions. Retention time increases \\'ith
increasing concentration for chloride and nitrite. Retention time decreases with increasing concentration
for bromide, nitrate, ortho-phosphate and sulfate.

EXAMPLE ION CHROMATOGRAPH
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1. SCOPE AND APPLICATION
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1.1. This method is applicable to the determination afTotal, Amenable, and Free Cyanide in solids,
liquids, and waters. It is based on CLP ILM03.3, CLP ILM04.0, SW 846 Method 9012A, EPA
335.1 and 335.2, Standard Method 450o-CN-I and ASTM D 4282-83. The working linear range
is 0.005 - 0.1 mgIL for waters and 0.25 to 5 mglkg for solids.

12. The associated method codes are WH, N4, CF, HF, DV, OU, CG, VL, A4, YQ, and QP

1.3. This document accurately reflects current laboratory standard operating procedures (SOP) as of
the date above. All facility SOPs are maintained and updated as necessary by the laboratory QA
department.

2. SUMMARY OF METHOD

2.1. The Cyanide, as HeN, is released by distillinglrefluxing the sample with strong acid and is
trapped in a sodium hydroxide solution.

2.2. The microdiffusion method (04282), releases HCN from the sample by neutralizing the sample
with a potassium phosphate solution and trapping the diffused gas in a sodium hydroxide
solution.

3. DEFINITIONS

3.1. Refer to the glossary in the Quality Assurance Management Plan (QAMP).

4. INTERFERENCES

4.1. Method interferences may be caused by contaminants in solvents_ reagents. glassware:. and other
processing apparatus that lead lO discrete artifacts. All of these materials must be routinely
demonstrated to be free from interferences under conditions of the analysis by running laboralo~

method blanks as described in the Quality Control section. Specific selection of reagents may be
required to avoid introduction of COiltam inams.

4.2. Interferences forthe microditTusi\m method (0 ~282) include the decomposition of
he:ucyanoferrates. Precipitalion of the hexacyanoferrates with cadmium and diffusion in lhe
dark virtuall~ eliminales this decomposition.

5. SAFETY

5.1. Procedures shall be carried (lut in a manner thal protects the health and safety ('If all QuaOl<:rra
associates.• ,....



CYANIDE PREPARATION
METHOD

SOP No.: NC·WC-Q032
Revision No.: 8.0
Revision Date: 02104/99
Page 4 of 19

5.2. Eye protection that satisfies ANSI Z87.1 (per the Chemical Hygiene Plan), laboratory coat, and
appropriate gloves must be worn while samples, standards, solvents, and reagents are being
handled. Disposable gloves that have been contaminated will be removed and discarded; other
gloves will be cleaned immediately.

5.3. The health and safety hazards of many afthe chemicals used in this procedure have not been
. fully defined. Additional health and safety infonnation can be obtained from the Material Safety
Data Sheets (MSDS) maintained in the laboratory. The following specific hazards are known:

5.3.1. The following are known to be corrosive: sulfamic add, sodium hydroxide, sulfuric
acid, acetic acid.

53.2. Cyanide is a highly toxic compound that must be handled with care. The analyst must be
aware of the handling and c!ean·up techniques before using this material.

5.4. Exposure to chemicals must be maintained as low as reasonably acbievable. therefore, unless
they are known to be non-hazardous. all samples must be opened. transferred and prepared in a
fume hood, or under other means of mechanical ventilation. Solvent and waste containers will be
kept closed unless transfers are being made.

5.5. The preparation of standards and reagents will be conducted in a fume hood with the sash closed
as far as the operation will permit.

5.6. All work must be stopped in the event of a known or potential compromise to the health and
safety of a QuanteITa associate. The situation must be reported immediately to a laboratory
supervisor.

6. EQUIPMENT AND SUPPLIES

6.1. Cyanide Distillation Apparatus

6.2. Analytical balance. capable of accurately weighing::: 0.000 I g

6.3. Vacuum pump

6.4. Graduated cylinders: \oanOU:i

65. Volumetric flasks: various

6.6. Volumetric pipets: vanous

6.7. Balance: T9P loading. capable ofaccuratcl~ \'.eighing =0.0\ g
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6.8. Lead Acetate Indicator Paper

6.9. Potassium Iodide (KJ) Indicator Paper

6.10. Erlenmeyer flasks: various

6.11. Buret: Class A IOmL

6.12. pH strips

6.13. Boiling stones or chips

6.14. Beakers: various

6.15. Snap seal containers: 120 mL

6.16. Plastic bonles with lids: 250mL or 500mL

SOP No.: NC-WC-0032
Revision No.: 8.0
Revision Date: 02104199
Page 5 of 19

6.17. Conway microdiffusion cell (83 mm 00. 4 mm moat): Bel An F40941·0000 or equivalent

7. REAGENTS AND STANDARDS

7.1. Reagents

7.1.1. Sulfamic Acid: reagent grade (not used for elP ILM03.0)

7.1.2. Sulfamic Acid Solution: Add 100 g of sulfamic acid to 800 mL reagent water and dilute
to I liter with reagent water (nol used for elP ILM03.0)

7.1.3. Ascorbic Acid: reagent grade

7.1.4. Sodium Hydroxide: (NaOHl. high purity grade.

7.1.5. Sodium Hydroxide. 1.25 N: Add 50 g of NaOH to 900 mL and dilute to I liter with
reagenl water.

7.1.6. Sodium Hydroxide. 0.25 N: Add 109 \lfto 900 mL reagent Water and dilute to 1 liter
with reagen! \\ater.

7.1.7. Sulfuric Acid: (H2S04). conc~ntrated

7.1.8. Acelic Acid ~lluti(ln: Add 10 mL of glacial acetic acid to 90 mL ofreagen( water.

7.1.9. Magnesium Chloride: (MgCI2.6H~O). reagent grade
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7.1.10. Magnesium Chloride Solution: Add 510 g MgC1Z-6H20 to 500 mL reagenl water and
dilute to I liter with reagent water.

7.1.11. Calcium Hypochlorite: (Ca (DC 1>2]. reagent grade

7.1.12. Calcium Hypochlorite Solution: Add 5 g of Ca(OCI)2 to 100 mL of reagent water.

7.1.13. Methyl Red Indicator: Add 0.05 g of methyl red to 50 mL of glacial acetic acid and
dilute to 100 mL with reagent water.

7.1.14. Methyl red reagent grade glacial

7.1.15. Acetic Acid: (CH3COOH). glacial reagent grade

7.1.16. Zinc Acetate: [Zn(CzH302)], reagent grade

7.1.17. Zinc Acetate Solution: Add 100 g zinc acetate to 800 mL reagent water and dilute to I
liter with reagent water.

7.1.18. Sodium Acetate: [NaC2H302.3HzO] reagemgrade

7.1.19. Sodium Acetate Buffer: Add 410 g of sodium acetate to 500 mL of reagent water. Adjust
the pH to 4.5 using glacial acetic acid and dilute to 1 liter with reagent water.

7.1.20. Rhodanine: reagent grade

7.1.21. 0.0192 N Silver Nitrate: reagent grade

7.1.22. Bismuth nitrate [Si(N03 hl: Dissolve 30 g of Si(N03)3 in 100 mL ofreagent water.
While stirring, add 250 ml of glacial acetic acid. Stir until dissolved. Dilute to I L with
reagent ""ater.

7.1.23. Cadmium chloride [CdCI2] - anhydrous: Dissolve 1.0 g (dC12 in 90 mL of reagent
water. Dilute to 100 mL with reagent water to produce a 10 gil CdCI2 solution.

7.1.2~. Potassium Phosphate solution : DissoI ....~ 7 g of NaOH in approximately 200 mL
of reageI1t water in a I L beaker. Add 95 g of potassium phosphate monobasic
[KH:POJJ and dilute to 475 mL with reag~nt water. Ooce the KH1POJ is
dissolved adjust the pH to 6.0 ± 0.1 with 100 gil NaOH solution. Dilute to 500
mL with reagent water.

••
7.1.25. Standard diluent(0.05 N NaOH): Dis-.olve 1.0~ g NaOH in 400 ml ofreagen[ .... ater.

dilute to 500 mL \,,!ilh reagent \\al~r.
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7.1.26. Absorber solution (0.1 N NaOH) : Dissolve 2.05 g NaOH in 400 mL of reagent water.
dilute to 500 mL with reagent water.

7.2. Standards

7.2.1. Secondary Source Cyanide Stock Standard, 1000 mgIL: Add 2.51 g of potassium
ferricyanide (KeN) and 2.0 g of potassium hydroxide (KOH) to a 1000 mL volumetric
flask and dilute to volume with reagem water. Mix well. Prepare fresh every I - 3
months.

7.2.2. Note: Cyanide stock standard must be standardized prior to use
(See Section O)Working Standards: Add the required
amounts of 1.25 N NaOH and cyanide standards to volumetric flasks according to the
suggested chart. Dilute to volume using. reagent water. See chan below:

Working Standards

Volume 1.25 N Std Volume Std Cone. Final Volume Final Conc. Expiration Time
NaOH fmLl (mL) (mll!L) (mL) fmll!Ll rDavsl-

20 10 1000 100 100 14

20 10 100 100 10 7

20 10 10 100 1 1

7.2.3. Working Standards for microdiffusion option: Prepare 1.0 mg/l primary and secondary
standards by diluting 0.1 0 mL of the corresponding stock standards (1000 mgtL) to 100
ml with the standard diluent (0). StOrt in an opaque container for a maximum of 7 days.
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7.2.4. Prepare the initial calibration standards, ICV and at least two cevs according to this
table for the miero diffusion preparation.

arking Std L ofStd Standard Diluent (0.05 N Cone (mgIL)
NaOH)

10 0.30 2.70 0.10

10 0.15 2.85 0.050

10 0.075 2.90 0.025

10 0.030 2.95 0.010

10 0.015 3.00 0.005

20 0.075 2.90 0.025 (ICV)

10 0.075 2.90 0.025 (cev)

7.2.5. Prepare a base & gain standard (0.23 mgIL) for the aUloanalyzer. This is the same
concentration as the 0.10 mg/L standard after it has undergone the 2.3X concentration
effect in the microdiffusion preparation. Put 1.15 mL of IQ working standard (0) in a 5
mL autoanalyzer cup and add 3.85 mL of reagent water.

7.2.6. Cyanide Standardization

7.2.6.1. Using a volumetric pipet aliquot 10.0 mL of [he 1000 ppm stock cyanide standard into
an Erlenmeyer Oask and add 90 mL of reagent water.

7.2.6.2. Add 10 drops of Rhodanine indicator.

7.2.6.3. Titrale wim 0.0 19:! N Silver nitrate until the ..:olor .:hangcs from :ellow to pink.1orange.

A,
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(A) (1000)

Cyanide, mglL = mL cyanide solution (lO)

Wh~u: A '"" mL Titrantfor standard

7.2.6;5. If the cyanide concentration is not 1000 ppm, adjust concentration accordingly.

8. SAMPLE PRESERVAnON AND STORAGE

8.1. Solid and liquid samples are not chemically preserved. Water samples are preserved with NaOH
to a pH> 12. All samples are slored at 40 C ± 2°C in plastic or glass containers.

8.2. The holding time is fourteen days from sampling to analysis.

NOTE: elP samples holding time is twelve days from receipt to analysis.

9. QUALITY CONTROL

9.1. Batch Definition

9.1. J. A batch is a group of no greater than 20 samples excluding QC samples (LeS, MS,
MSO, Method Blanks) which are processed similarly. with respect to the procedure. All
samples within the batch must be treated with the same lots of reagents and the same
processes. All samples within the batch muSt be treated with the same processes.

9.2. Method Blank (MBl

9.::!.1. One method blank (MB) must be processed with each preparation batch. The method·
blank consists of reagent water containing all reagents specific to the method that is
carried through the entire analytical procedure. including preparation and analysis. The
method blank is used to identify any system and procc=ss interferences or contamination
of the analytical system that may lead to the reporting. of elevated anal)1e concentrations
or false positive data. The method blank should flOl comain any anal)-le of interest at or
above the reponing limit.

Q.2.::!. A blank consisting of 50 mL reagent water must be prepared and distilled (or diffused, 3
mLI with each anal~lical batch of samples.

lJ.::!.3. . (~rr.ective Action for Blanks
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92.3.1. If the analyte level in the method blank exceeds the reporting limit for the
analytes of interest in the sample, all associated samples are reprepared and
reanalyzed. If this is not possible due to limited sample quantity or other
considerations, the corresponding sample data must be addressed in tbe project
narrative.

9.2.3.2. If there is no analyte greater than the RL in the samples associated with an
unacceptable method blank, the data may be reported with qualifiers. Such
action must be taken in consultation with tbe client 2Dd.must be addressed
in the project narrative.

9.3. Laboratory Control Sample (LCS)

9.3.1. One aqueous LCS must be processed with each preparation batch. The LCS must be
carried through the entire analytical procedure. The LCS is used to monitor the accuracy
of the analytical process. On-going monitoring of the LCS results provides evidence that
the laboratory is perfonning the method within acceptable accuracy and precision
guidelines.

9.3.2. A midrange LCS consisting of2.0 mL of the 1.0 mgIL standard (secondary source)
brought to a final volume of 50 mL must be distilled with each analytical batch of
samples.

9.3.3. The microdiffusion LCS is prepared by taking 0.12 mL of2° working standard (0) and
adding 2.85 rnL of standard diluent (0).

9.3.4. Corrective Action for Laboratory Control Samples

9.3.4.1. If any analyte is outside established control limits the system is out of control and
corrective action must occur.

9.3.4.2. Corrective action will be repreparation and reanalysis of the batch unless the
client agr~s that other corrective action is acc~ptable.

9.4. Matrix Spike/Matrix Spike Duplicate (MSIMSD)

9..LI. One MS/MSD pair must be processed for each ~ah:h. A matrix spike (MS) is a field
sample to \\-hieh known concentrations of target al\al~l~S have been added. A matrix
spike duplicate (~SD) is a second aliquot of the same sample (spiked identically as the
MS) prepared and analyzed along with the sample and matrix-spik~. Some dient specific
data qualit:- objectives t DQO':i) may requir~ the u:>e of s<'\mpl~duplicates in place of or
in addition 10 MS/MSD·s. The MSIMSD r~sults are used to detemline the effect ofa
rna-tri'x on the precision and accuracy of the anar~licar pn'ICe:iS. Due to the potential
\ ariability ('If lhe matri:\ of each :i3mple. these reslIlt-- ma~ ha\e immediate bearing only
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Samples identified as field blanks cannot be used for

9.4.2. A MSIMSD consisting of 50 mL or 1.0 gofsample brought up to 50 mL with reagent
water and 2.0 mL of the 1.0 mgIL standard (either source) must be distilled with each
analytical batch ofsamples.

9.4.3. Prepare the microdiffusion MSIMSD by adding 0.12 mL af2° working standard (0) to

3.0 mL of sample for each balch of samples.

9.4.4. Corrective action for MSlMSDs

9.4.4.1. If the analyte recovery or RPD falls outside the acceptance range, the recovery of
that analyte must be in control for the LCS. If the lCS recovery is within limits,
then lite laboratory operation is in control and the results may be accepted. If the
recovery of the LCS is outside limits. corrective action must be taken.
Corrective action will include repreparation and reanalysis of the batch.

9.4.4.2. If the native analyte concentration in the MSIMSO exceeds 4x the spike level for
that analyte, the recovery data reported as OIL (diluted out).

9.4.4.3. If an MS/MSD is nO[ possible due (0 limited sample volume then a laboratory
control sample duplicate (LCSO) should be analyzed. The RPD of the LCS and
lCSD must be compared to the matrix spike RPO limits.

NOTE: MS for ClP samples require 5 mL of 1.0 mgfL standard (true 100 JlgIL)

9.5. Sample Duplicates are required for all microdiffusion prepared samples

10. CALIBRATlON AND STANDARDIZATlON

10.1. For all non-ClP methods. a low and high standard are distilled from the same source as the
calibration curve each day. Prepare the low standard (0.025 mg.·l) by diluting 0.1:!5 ml of 10.0
mg.fL standard \\ ith reagent waterto a final volume of 50 mL. Prepare the high standard (0.075
mg/ll b~ diluting 0.375 mL ofa 10.0 mg/L standard with reagent \\ater 10 a final volume of
SOmL. Method 90 11A recommends that the distilled standards (a high and a low) be compared to
the curve with a ±I0% agreement with the undistilled standards. The distilled standards are
evaluated against all applicable batch QC.

10.1. All standards {Illitiall:alibration. ICV. CCVj for the mi...:rnl.iItlllsion preparation option must be
processt:d1hrough the diffusion prep at the same time and in the sam~ manner as the samples.
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11.1. Summary
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11.1.1. for all non-eLP methods, the sample is distilled/refluxed under acidic conditions for one
hour. For elP methods, the samples are distilled for one and a half hours. The released
HCN is trapped in 0.25 N NaOH solution.

11.1.2. The microdiffusion method (D 4282), releases HCN from the samp1e by neutralizing the
sample with a potassium phosphate solution and trapping the diffused gas in a sodium
hydroxide solution

11.2. Sample Preparation Procedure applicable for use with the Midi distillation unit.

11.2.1. Checking for Interferences (For non-eLP samples)

11.2.1.1. Using pH paper strips, check the pH of the sample and record it as > 12
or <12 on the analytical logsheet. If pH is <12. the deviation must be addressed
iD the project narrative.

11.2.1.2. Using lead acetate paper, check the sample for excess sulfide. If sulfide
is present the rest strip will tum silverlbrown. Record findings on the anal),tical
logsheet. If sample contains sulfide, treat the sample b)· adding 5 mL ofbismuth
nitrate solution. Mix for 3 minutes prior to addition of H2S04. The calibration
curve must be distilled in the same manner as the samples. Prepare a curve as
follows:

mLof 1.0 mgIL Final Concentration

CN Standard Final Volume (mL) (mg/L eN)

0.15 50 0.005

0.5 SO 0.010

1.25 SO 0.025

2.50 50 ll.OSO

5.0 50 0.100
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Using JX>tassium iodide paper, check for chlorine presence. Ifchlorine is present
the test strip will tum dark blue. If chlorine is present add 0.1 ·0.5 grams ascorbic
acid to sample until the chlorine is destroyed. Record this on the analytical
logsheet.

11.2.1.3. For CLP samples: Test each sample for the presence of sulfides
using lead acetate paper. If sulfides are present, treat the sample with
powdered cadmium carbonate. Yellow cadmium sulfide precipitates if the
sample contains sulfide. Repeat this operation until a MOp ofthe treated
sample solution does not darken the lead acetate test paper. Filter the
solution. Avoid a large excess of cadmium carbonate and long contact
time in order to minimize loss by complexation or occlusion of cyanide on
the precipitated material.

11.2.2. Complex Cyan;de Preparat;on Procedure [THIS PROCESS IS PERFORMED ONLY
WHEN REQUESTED BY THE CLIENT]: Add 100 mL of water sample or 2.0 g of
solid sample and 100 mL reagent water to a plastic, sealable container. Add 10 g NaOH
pellets. Mix or tumble for 12·16 hours. Allow solids to senle out. Transfer 50 mL of
the solution to the distillation tube. Distill sample (See section 11.2.4.1).

Note: If the sample requires an MSIMSD or MS/Dup, double or triple the
volumes as stated above. A blank and LCS should be prepared and analyzed with
samples using 109 NaOH and 100 mL reagent water.

11.2.3. Amenable Cyanide (Chlorinated Aliquot) [THIS PROCESS IS PERFOR.MED ONLY
WHEN REQUESTED BY THE CLIENT]

11.2.3.1. Place 50 mL (waters) or 1.0 g (solids/liquids) into a beaker. Add 50 mL
of reagent v.ater to non·waters. Place the beaker on a stir plate and begin
mixing. Test the pH of the solution, if less than 12 add 1.25 N NaOH. drop by
drop until pH ~ 12. Drop by drop. add calcium hypochlorite until an excess of
chlorine is reached. Test for chlorine excess using KI paper. Allow the >ample
to chh;)rinate for one hour. At the end of the chlorina!iI,....n period. add about O. I to
0.5 g of ascorbic acid to destroy excess chlorine. Test using KI paper. Keep the
addition ofascorbic acid to a minimum. Pour the sample into a distillation nask
and tl.lllo\\ the total cyanide preparation method (~tit," 11.~...n Also set up an
unchlQrinated aliquot of sample (50 mL or 1.0 gJ following. the tOtal cyanide
method.

I 1.2...1. J. Add 50 mL or 1.0 g of the sample and ~ • 3 b..liling ..:hips to the
'. distillation tube.. Bring all volumes to 50 mL" ith rea,g.:nt \\ater. .-\dd SO mL of
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0.25 N NaOH solution to the absorber rube and assemble the scrubber.
Assemble the cyanide distillation apparatus.

11.2.4.2. Tum on the cooling water to "60". Tum on the vacuum source and
adjust the flow such that even stream ofair bubbles are in the scrubber tube
approximately 1/4 " offoarn or 1-2 bubbles per second. At this time add any
spiking solutions to the LCS or MSlMSDs samples directly into the inlet tube.

11.2.4.3. In the order stated, add 2.0 mL sulfamic acid solullon (not for elP
lLM03.0 samples), 2.5 mL ofconcentrated sulfuric acid and 2.0 mL of
magnesium chloride solution to the distillation tube. Be sure to rinse the inlet
tube sparingly with reagent water between and after reagent additions.

Note: Complex cyanide samples require an additional 2.5 mL of sulfuric
acid. Be sure the pH is < 2.

11.2.4.4. Flip the heater switch to "'on" and tum the dial to an appropriate setting
(according to manufacturer's instructions) to allow the apparatus to warm up. Be
sure to adjust the air flow and water as necessary. Heat for one hour. After the
heating period, the heater will tum off automatically. Allow to cool for fifteen
minutes. Keep the vacuum and cooling water on.

NOTE: For elP. heat samples for one and a half hours.

11.2.4.5. Disconnect the absorber. Pour solution into a 120 ml snap seal
container. Do not rinse the scrubber tube or dilute NaOH in the snap seal. Be
sure to properly label the bonles "tota'" or -'amenable" along with sample 10,
posilion and date.

11.2.5. Free Cyanide (Weak and Dissociable) [THIS PROCESS IS PERFORMED ONLY
WHEN REQUESTED BY THE CLIENT]

I 1.~.5.1. Add 50 mL or 1.0 g of sample to the distillation tube. Bring all
volumes up to 50 mL with reagent water. Add 50 mL of 0.25 N NaOH to the
absorber tube and assemble.

11.25.2. Tum on cooling water to "60". Tum on thc: \ a,:ulIm source. Add an)
spiking standards to the appropriate LCS or MSlMSD!' al this time. Through the
inlet lube. add 1.0 mL of sodium acetate buffer. 1.0 mL of Line acetate. and 0.25
rnL of methyl red indicator. Rinse the inlet tube spari'pgl~ with reagent water
be[\\een and after reagent additions. If the sample is not rc:d. carefull~ add 1:9
ac~tic acid dropwise until the sample does turn red.
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112.5.3. Flip on the heater switch and tum the dial to "10.5" (This allows the
apparatus to wann up). Adjust the air flow and water as needed. Heat for 1 hour.
After the heating period. the heater will shut off automatically. Allow the sample
to cool for fifteen minutes with the air and water on.

11.2.5.4. Pour the scrubber contents into a 120 mL snap seal bottle. Do not rinse
the scrubber. Label the bottle well and be sure to denote that it is a "free" sample
distillate.

112.6. Cyanide Unit Clean-up

11.2.6.1. Cyanide distillation unit glassware is very fragile and expensive. It
must be handled with care at all times.

11.2.62. Disassemble each set-up and rinse the sample down the drain with large
amounts of water. Be sure to collect the solids in a screen and dispose of
properly.

11.2.6.3. Wash each set-up with soap and hot water, and [hen rinse with l: 1 He!.
Rinse several times with reagent water

11.2.6.4. Re-assemble the set-up.

11.2.6.5. Be sure to wash each set up as a separate unit and replace in the same
position.

11.2.6.6. [f a sample of known high cyanide concentration was distilled in
a certain position, be sure to change the appropriate tubing on that
position.

11.3. MicrodifTusion Sample Preparation Procedure

11.3.1. Pipet 3.0 mL of sample (or appropriately diluted standard 10. OJ) in<o the middle
ring of a clean and dry Conway diffusion cell. The outer ring is~ as part of
the lid sealing mechanism. Cover the cell.

11.3.2. LitI th~ co\er and pipet 1.3 mL of absorber solution (0.1 N l'iaOH lOP into th~

cent~r ,hamber of the diffusion cell. Recover the cell.

11.3.3. Lift Ih..:: co\er and pipet 0.5 mL of cadmium chloride solution [01 iml) an open
area"prth~ sample ring {i.e. middle ring) oflhe cell. Recon:r [h~ 'ell. \Vhen all
cells ha\·r: het:n trealed with cadmium chloride. lift [he tray holding all cells and
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gently tilt back and forth for 30 seconds to mix. Caution do NOT tilt SO far that
the absorber solution or sample go over the short wall that separates them.

11.3.4. Lift the cover of each cell individually and pipet 1.0 mL of potassium phosphate
solution [0] into an open area of the sample ring. Cover immediately.. When all
cells have been neutralized, lift the tray holding all cells and gently tilt back and
forth for 30 seconds to mix. Caution do NOT tilt so far that the absorber solution
or sample go over the short wall that separates them.

11.3.5. Carefully place the tray containing all the diffusion cells in darkened drawer for 4
to 8 hours. Do NOT tip the tray SO far that the absorber and sample solutions can
mIx.

11.3.6. After the diffusion time is complete. carefully remove the tray I diffusion cells
from the drawer. Using a disposable plastic pipet transfer the absorber solution
from the cell chamber of the cell to a 5 mL aUloanalyzer cup. If the absorber
solution will not be immediately analyzed place a 2 mL aUloanalyzer cup on top
as a cap.

11.3.7. Wash each cell and cover with soap and tap water. Do not scrub with a brush or
"'scratch" pad unless necessary to remove material adhering to the inside of the
cell. Rinse well with tap and deionized water. Place on the tray to dry.

11.4. Analytical Documentation

11.4.1. Record all analytical information in the anal)ticallogbook/logsheet. including the
analytical data from standards. blanks. LeSs. MSlMSDs. and any corrective actions or
modifications to the method.

11.4.1. All ~Iandard:" are logged into a department standard logbook. All standards are assigned
an unique number for identification. Logbooks are revie\....ed by the supervisor or
designee.

11.4.3. Documentation such as all associated instrument printouts (final runs. scn:ens. reruns.
QC :>amplc:s. etc.) and daily calibration data corresponding to all tinal runs is available
for each data fil~.

11.4.4. Sampl~ results and associated QC are entered into the lIMs after final tt::chnical revie\\,

lZ. DATA ANALYSIS A:'i() CALCULAnONS.... '" ~"

I ~.I. Not applicahlt:



CYANIDE PREPARATION
METHOD

13. METHOD PERFORMANCE

SOP No.: NC-WC-0032
Revision No.: 8.0
Revision Date: 02104/99
Page 17 of 19

13.1. Each laboratory must have initial demonstration of performance data on file and corresponding
method detection limit files.

13.2. Training Qualifications:

13.2.1. The group/team leader has the responsibility to ensure that this procedure is performed
by an associate who has been properly trained in its use and has the-required experience.

14. POLLUTION PREVENTION

14.1. Using a Midi Cyanide distillation unit saves time and requires less sample and reagents for use.

15. WASTE MANAGEMENT

15.1. Acid waste must be collected in clearly labeled acid waste cans.

15.2. Solid waste materials (soil, gloves, soiled paper products, etc.) are placed in the solid debris
container. Do not put liquids in the solid waste container.

15.3. Refer to the Laboratory Sample and Waste Disposal plan

16. REFERENCES

16.1. References.

16.1.1. SW846. Test Methods for Evaluating Solid Waste, Third Edition. Total and Amenable
Cyanide. Automated UV: Method 9012A.

16.1.2. EPA 600: Cyanide. Total and Cyanide. Amenable to Chlorination: Methods 335.1 and
335.2

16.1.3. Standard .'v1ethods forthe Examination of Water and Wastewater. Eighteenth Edition:
Weak and Di::orociable Cyanid~: Method ~500-CN-1

16.1.4. Standard \1c.:thods torthe Examinatiun of Water and Wastewater. Eighteenth Edition:
Complex C:311ide: ~tethod -I,OO-CN-E

16.1.5. USEPA ell' sow ILM03.0 Settion D-Cyanide Midi Distillation

, -
16.1.6. ()uante"rra s: Qualit~ Assurance Management Plan. current re"ision
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16.1.7. ASTM Standard D 4282-83, Determination of Free Cyanide in Water and Wastewater by
Microdiffusion.

16.2. Associated SOPs

16.2.1. Cyanide, Automated Method NC-we-om I

17. MISCELLANEOUS (fABLES, APPENDICES, ETC_)

17.1. BASF RFI Requirements

17.1.1. Amendments to this SOP to satisfy BASF ReM Facility Investigation (RFl)
requirements are based on comments from US EPA upon review of site requirements and
laboratory procedures.

17.1.2. Amendment to the preparation of all samples

17.1.2.1. Section 7.2.1: Change 2.51 g of potaSsium cyanide to 2.1 tg potassium
ferricyanide.

17.1.2.2. SectiOD 9.4: The matrix spike/duplicate frequency has been increased
from one per batch to one per- 7 samples. Consult with the project manger for
specific samples to be spiked. The goal is to spike each sampling area at the site
at least once.

17.1.3. Amendmem to the preparation of Prussian blue area samples

17.1.3.1. Section 7.1.22: Sodium thiocyanate (reagent grade): Prepare a spiking
solution at a concentralion 1OOX greater than the measured cyanide for the
appropriate Prussian blue area samples.

,..
• •
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17.1.3.2. Section 9.5: Three Prussian blue area samples will be spiked with I mL
of the sodium thiocyanate solution (Section 17.1.3.1) in order to assess the
potential impact of thiocyanate in the original samples on the measured cyanide
concentration. These matrix spikes do not replace the cyanide matrix spikes
mentioned above (Section 17. I.22). The increase (ifany) in measured cyanide
concentration relative to the original sample shall be reported as "percentage
increase" using the following equation:

ConcSCN .. - Conc.~
%CN~= - xlOO

Conc.1IJIIihd

where

••••~ = cyanide concentration measured in the thiocyanate

spiud sample

ConC....,..kro/

••••• II: cyanide concentration measured in the unspiked sample

Note: Section 11.3.2.\ of NC-WC·OO3I addresses sulfide testing and
precipitation.

17.2. Method Deviation (9012A. 335.1. 335.2)

17.2.1. The reflux distillation apparatus used is the midi distillation.

17.2.2. The volume:: of sample used is reduced to 50 mL vs. 500 mL using th~ midi
distillation apparatus.

17.2.3. Method of Standard Addition is not perfonned for samples with matrix
interference (sulfid~s)_

17.2.4. Th~ analysis of sampks prepared by microdiffusion uses the concentrations and
volUmes s~itied in SOP NC·WC-0031 rather than the reagent concentration:-,
and volumes :-,~cilied in .-\STM D 4282·83.
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1.1. This method is applicable to the determination ofTotal, Amenable, and Free Inorganic
Cyanide in solids, liquids, and waters. It is based on CLP ILM03.0, SW846 Method
9012A, EPA 335.1 and 335.2, and Standard Method 4500-CN-I. The working linear
range is 0.005 - 0.1 mgIL for waters and 0.25 to 5 mglkg for solids.

1.2. This docwnent accurately reflects current laboratory standard operating procedures (SOP)
as of the date above. All facility SOPs are maintained and updated as necessary by the
laboratory QA department

2. SUMMARY OF METHOD

2.1. The Cyanide, as HCN, is released by distilIingirelJuxing the sample with strong acid and
is trapped in a sodiwn hydroxide solution.

2.2. The sodium hydrox:~e solution is analyzed colormetrically on an autoanalyzer using the
pyridine-barbituric acid method..

3. DEFINITIONS

3.1. Refer to the glossary in the Quality Assurance Management Plan (QAMP).

4. INTERFERENCES

4.1. Method interferences may tx caused by contaminants in solvents. reagents, glassware.
and other processing apparatus that lead to discrete artifacts. All of these materials must
be routinely demonstrated 10 be free from interferences under conditions of the analysis
by running laboratory method blanks as described in the Quality Control section.
Specific selection of reagents ma~ be required to avoid introduction of contaminants.

4.2. Sulfides interfere. but can be diminated by treating sodium hydroxide distillate with
cadmium carbonate prior to analysis.

5. SAFETY

5.1. Procedures shall be carned (luL in a manner that protects the health and safety of all
Quanterra ~iates.
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5.2. Eye protection that satisfies ANSI 287.1 (as per the Chemical Hygiene Plan), laboratory
coat, and appropriate gloves must be worn while samples, standards, solvents, and
reagents are being handled. Disposable gloves that have been contantinated will be
removed and discarded; other gloves will be cleaned immediately.

5.3. The health and safety hazards of many of the chemicals used in this procedure have not
been fully defined. Additional health and safety information can be obtained from the
Material Safety Data Sheets (MSDS) maintained in the laboratory. The following
specific hazards are known:

5.3.1. The following materials are known to be corrosive: Sodium Hydroxide

5.3.2. Cyanide is a highly toxic compound that must be handled with care. The analyst
must be aware afthe handling techniques.

5.4. Exposure to chemicals must be maintained as low as reasonably achievable, therefore.
wtless they are known to be non-hazardous, all samples must be opened, transferred and
prepared in a fume hood, or under other means of mechanical ventilation. Solvent and
waste containers will be kept closed unless transfers are being made.

5.5. The preparation of standards and reagents v.ill be conducted in a fume hood with the
sash closed as far as the operation will pennit.

5.6. All work must be stopped in the event of a known or potential compromise to the health
and safety of a Quanterra associate. The situation must be reported immediately to a
laboratory supervisor.

6. EQUIPMENT AND SUPPLIES

6.1. Traacs800autoanalyzer

6.2. Probe 0.016··

6.3. Flowc.11 10nrn

6.4. Wavelength cell 570nm

6.5. Manifold-~~ltitest cartridge v...ith cyanid~ tubing

6.6. 1.:!5 mL ErIenm~yt:'r flasks
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6.8. Volumetric pipets: various
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6.9. Top loading balance: capable of accurately weighing ± O.Olg.

7. REAGENTS AND STANDARDS

7.1. Reagents

7.1.1. Cadmium cazbonate: powder

7.1.2. 1.25 N sodium hydroxide: Add 50 g of sodium hydroxide pellets (NaOH) to a I
liter volumetric flask and dilute to volume with reagent water.

7.1.3. Phosphate buffer: Add 136 g of potassium phosphate - monobasic (KH,PO,) and
2.8 g of sodium phosphate - dibasic (Na2HPOJ ) to 800 mL of reagent water in a )
liter volumetric flask. Mix. bring to volume with reagent water. Add 3-5 drops of
Brij-35 to 100 mL of Buffer prior to using.

7.1.4. Chloramine-T reagent: Add 1.0 g of chlorarnine-T to a 250 mL volumetric flask
and dilute to volume \\'ith reagent water. Prepare fresh daily.

7.1.5. Pyridine reagent: Add 15.0 g of barbituric acid to a I liter volumetric flask. Add
75 mL of pyridine and 15 mL of concentrated hydrochloric acid (Hel) and mix.
Bring to volume with reagent ,",,-ater and store at 4°C ± loe in an amber glass
bonle.

7.1.6. 0.25 N sodium hydroxide: Add 200 ml of N NaOH to a J liter volumetric flask
and dilute to volume with reag~nt water.

7.1.7. Brij-35

7.1.8. 30% Brij solution: Add::! mL Brij<,:, to 1000 mL r~agent water.

7. J.9. Rhodanine indicator. purchac;ed.

7.1.10.0.01,.92 N silver nitrate. purcha~

7."2. Standards
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7.2.1. Primary Source Cyanide Stock Standard, 1000 mgIL: A'dd·2.51 g ofpotassiwn
cyanide (KCN) and 2.0 g ofpotassiwn hydroxide (KOH) to a 1000 mL
volumetric flask and dilute to volume with reagent water. Mix well and store in
glass amber container. Stable for 1-3 months.

Note: This stock standard must be standardized prior to use. See Appendix I.

7.2.2. Secondary Source Cyanide Standard, 1000 mgIL: Follow 7.2.1 using an alternate
source ofPotassiwn Cyanide (KeN).

Note: This stock standard must be standardized prior to use. See Appendix I.

7.2.3. Calibration Standards (Water and Solid Matrices)

7.2.3 .1.Pipet the appropriate amount of cyanide standard into 100 mL volumetric.
Add 20 mL 1.25N NaOH to each calibration standard (except the 1.0
mgIL) and bring to volume with reagent water. Prepare weekly.

Concentration CN- mLCN, Final Volwne

100 mgIL 10 mL of 1000 mgIL 100mL

10 mgIL 10 mL of 100 mgIL lOOmL

1.0 mgIL 10 mL of 10 mgIL 100 mL

·0.1 mgIL 10 mL of I mgIL 100mL

'0.05 mgIL 5 mL of 1 myL lOOmL

'0.025 mgIL 25 mL of 0.1 mg.:'L 100mL

'0.01 mgIL 10 mL of 0.1 mgfL lOOmL

'0.005 mgIL 10 mi. of 0.05 mg:L 100 mL

·DenNes calibration standards

NOTE: The I ppm eN standard is onI: gocx:l for the day it is prepared and is not
preserved with NaOH.

>.

8. SAMPLE COLLECTION, PRESERVATION AND STOR<l.GE
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8.1. Solid and liquid samples are not chemically preserved. Water samples are preserved with
NaOH to a pH > 12. All samples are stored at 4°C ± zoe in plastic or glass containers.

8.2. The holding time is fourteen days from sampling to analysis.

'NOTE: Holding time for CLP is twelve days from receipt to analysis.

9. QUALITY CONTROL

9.1. Batch Definition

9.1.1. A batch is a group of no greater than 20 samples excluding QC samples (LCS.
Method Blank, MS, MSD) which are processed similarly, with respect to the
procedure. All sample setups must be initiated within a 24 hour period from the
initial preparation or extraction and without interruption of the process. All
samples within the batch must be treated with the same lots of reagents and the
same processes.

9.2. Method Blank

9.2.1. One method blank (MB) must be processed with each preparation batch. The
method blank consists of reagent water containing all reagents specific to the
method that is carried through the entire analytical procedure, including
preparation and analysis. The method blank is used to identify any system and
process interferences or contamination of the analytical system that may lead to
the reporting of elevated analyre concentrations or false positive dara. The
method blank should not contain any analyte of interest at or above the reporting
limit.

9.2.2. A reagent water blank consisting of 50 mL reagent "vater must be distilled and
analyzed with each analytical batch of samples. See SOP NC-WC-0032 for
distillation instructions.

9.2.3. Corrective Action for Blanks

9.2.3.I.Ifthe analyte level in the method blank exceeds tht reporting limit for the
anal}"le5 of interest in the sampk. all associated samples are reprepared
and reanalyzed. Jfthis is not possible due to limited sample quantity or

<.
other considerations. the corresponding sample data must be addressed in
the project narrative.
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9.2.3.2.Ifthere is no anaIyte greater than the RL in the samples associated with an
unacceptable method blank, the data may be reported with qualifiers.
Such action must be taken in consultation with the client and must be
addressed in th~ project narrative.

9.3. Laboratory Control Sample (LCS)

9.3.1. One aqueous LeS must be processed with each preparation.batch. The LeS must
be canied through the entire analytical procedure. The LeS is used to monitor the
accuracy of the analytical process. On-going monitoring ofthe'LCS results
provides evidence that the laboratory is performing the method within acceptable
accuracy and precision guidelines.

9.3.2. A midrange LCS consisting of a 0.04 mgll. (2.0 mL of 1.0 mgll. to 50 mL) must
be distilled and analyzed with each analytical batch of samples. See Method LM
WALN-1142 (NC-WC-0032) for distillation instruction.

9.3.3. Corrective Action for LeS

9.3.3.1.If any analyte is outside established control limits the system is out of
control and corrective action must occur.

9.3.3.2.Corrective action Vlill be repreparation and reanalysis of the batch unless
the client agrees that other corrective action is acceptable.

9.4. Mattix SpikeJMattix Spike Duplicate (MSIMSD)

9.4.1. One MSIMSD pair must be processed for each batch. A matrix spike (MS) is a
field sample to which known concentrations of target analytes have been added.
A matrix spike duplicate (MSD) is a second aliquot of the same sample (spiked
identically as the MS) prepared and analyzed along with the sample and matrix
spike. Some client specific data quality objectives (DQO·s) may require the use
of sample duplicates in place of or in addition to ~S/MSD' s. The MSIMSD
results are used to determine the effect of a matrix on th~ precision and accuracy
of th~ analytical process. Due to the pot~mial variability of the matrix of each
sample. these results may have immediate bearing only on the specific sample
spiked. Samples identified as field blanks cannOt be used for MSIMSD analysis.
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9.4.2. A MSIMSD consisting of 50 mL or 1.0 g sample and 0.04 mgfL spike (2.0 mL of
1.0 mgfL to 50 mL) will be distilled and analyzed with every batch. See SOP
NC-WC-0032 for distillation instructions..

9.4.3. Corrective action for MSIMSDs

9.4.3.1.lfthe analyte recovery or RPD falls outside the acceptance range, the
recovery of that analyte must be in control for the LCS. If the LCS
recovery is within limits, then the laboratory operation is in control and the
results may be accepted. If the recovery ofthe LeS is outside limits,
corrective action must be taken. Corrective action will include
repreparation and reanalysis of the batch.

9.4.3.2.Ifthe native analyte concentration in the MSfMSD exceeds 4x the spike
level for that analyte, the recovery data is reported as OIL (diluted out).

9.4.3.3.If an MSIMSD is not possible due to limited sample volwne then a
laboratory control sample duplicate (LCSD) should be analyzed. The
RPD of the LCS and LCSD must be compared to the matrix spike RPD
limits.

10. CALIBRATION AND STANDARDIZATION

10.1. Summary

10.1.1. The instrument is calibrated using five cyanide standards at the time ofanalysis.

10.2. Initial Calibration

10.1:.1. The instrument is calibrated at the beginning of each run and is verified at the
beginning of the run by using a midrange ICV. The correlation coefficient of the
original curve must be ~ 0.995 or recalibration is r~uired.

10.3. Continuing Calibration

10.3.1. The run is checked every ten samples and at the end of the run using a midrange
lTV to verify continued lineariry. It cannot \'ary from the original cun:e by mor:e
than ± 15% or recalibration is required. Th~ CCV is compo~ of the 0.0]:5 ppm

. -.secondary standard.
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10.3.2. System cleanliness is checked every ten samples and anhe end ofthe run using a
CCB. It cannot contain the analyte of interest above the reporting limit or
recalibration is reqnired. The CCB is 0.25N NaOH.

NOTE: Base and gain values may change with new reagents, standards, tubing
changes. or board cleaning. These values are for reference only.

10.4. High and Low Standard

10.4.1. The distillation technique is checked by distilling a high and low standard and
comparing the values obtained to the standard curve. If the percent recovery is
nOl within ± 10%, the analyst will submit a Nonconformance Memo for the
analytical run.

10.5. Normal Tray Protocol

10.5.1. P,5C>2, H@2,2L@0,G@2,XS>7, H@2,2L@0,G@2,E

NOTE: X = number of sample cups minus the six calibration cups.

11. PROCEDURE

11.1. One time procedural variations are allowed only if deemed necessary in the professional
judgment of supervision to accommodate variation in sample matrix, radioactivity,
chemistry, sample size, or other parameters. Any variation. in procedure shall be
completely documented using a Nonconfonnance Memo and is approved by a Technical
Specialist and QA Manager. If contractually required, the client shall be notified. The
Nonconfonnance Memo shaH be filed in the project file.

11.~. Any unauthorized deviations from this procedure must also be documented as a
nonconfonnance. y.ith a cause and corrective action descrikd.

11.3. Sample Preparation

11.3.1. S~e cyanide distillation SOP: NC-WC-0032.

11.3.I.l.The sample is distilled/refllLxed under acidic conditions for one hour.
The released HeN is trapped in 50 mL \)f 0.25 N NaOH solution.

NOTE: CLP samples are distilled for ont.' and a half hours.
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11.3.2.I.Non-CLP Samples: For samples containing sulfide, calibrate the
insmunent using the calibration cwve specially prepared for samples
containing sulfide.

11.3.2.2.CLP Sarnples:Test each sample for the presence of sulfides using lead
acetate paper. If sulfides are present, treat the sample with powdered
cadmium carbonate. Yellow cadmium sulfide precipitates if the sample
contains sulfide. Repeat this operation until a drop of the treated sample
solution does not darken the lead acetate test paper. Filter the solution.
Avoid a large excess ofcadmium carbonate and long contact time in order
to minimize loss by complexation or occlusion of cyanide on the
precipitated material

11.4. Sample Analysis

11.4. I. Summary

Il.4.I.I.The sample distillates are analyzed on the autoanalyzer for cyanide using
the automated pyridine·barbituric method.

11.4.2. Recommended Instrument Conditions

II.4.2.1.See Manufacturer's infonnation for operation instructions.

11.4.2.2.Slart Up Solutions (and Wash Solutions)

11.4.2.2.I.AlIlines in O.25N NaOH solution:

IIA.2.2.2.Then aJllines in 300/0 Brij solution.

11.4.1.3.Running Solutions

11.4.:?:.3.I.Two 01 water lines (orange/green) in YO% Brij solution

II A.:?:.3.2.RedlRed in pyridine reagent

1".. II A.:?:.3.3.0range/red in chloramine-T reagent
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I 1.4.2.3A.White!white in phosphate buffer solution

I L4.2.4.Base and Gain

11.4.2.4. I.Performed on the 0.1 mgiL standard

I IA.2A.2.Approximate values: Base = 75 Gain = 150

*These values are for reference only and may change with new reagent or standard
preparations.

11.4.2.5.TroubIe shooting for poor Base and Gain or baseline noise

11.4.2.5.1.Place reagent lines 1-3 back in Brig solution and run on high for
five minutes. Place all 5 lines (1.5) and probe line in 1.25 N
NaOH solution and nul on high for five minutes. Place lines back
in appropriate "stan-up" solutions and run on high for five
minutes.

Place lines back in reagents and perform another base and gain
when the baseline has stabilized.

11.4.3. Sample Analysis Procedure

IIA.3.1.See Manufacturer's information for operating instructions.

11.4.3.2.A calibration curve is analyzed at the beginning of each run. The
correlation coefficient must be > 0.995 to continue.

IIA.3.3.CCV·s and CCB's are analyzed at the beginning. end. and between every
10 samples. CCV's must be prepared from a second&:,," source.

IIA.3.4.Sample distillates higher than the highest calibration standard (0.1 mgIL)
must be diluted with 0.25 N NaOH and re-analyzed.

11.4.3.5.l\.ny samples analyzed after a high sample musl.k re-anal)'''Zed if
carryo....er is suspected.

11.5. .-\nalyticaL'Documentation
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11.5.1. Record all analytical information in the analyticallogbook/logsheel, including the
analytical data from standards, blanks, LCSs, MSIMSDs, and any corrective
actions or modifications to the method.

11.5.2. All standards are logged into a deparanent standard logbook. All standards are
assigned an unique number for identification. Logbooks are reviewed by the
supervisor or designee.

11.5.3. Documentation such as all associated instrument printouts (final runs, screens,
reruns, QC samples, etc.) and daily calibration data corresponding to all final runs
is available for each data file.

11.5.4. Sample results and associated QC are entered into the LIMs after final technical
review.

12. DATA ANALYSIS AND CALCULATIONS

12.1.

12.2.

Total Cyanide, mg / L

Total Cyanide. ,mg I kg

= mg / L eN"from printout x 50 x D

mL ofsample distilled

= mg / L eN" from printout x 50 x D
g ofsample distilled.

12.3. AmenableCyanide,mg/L = Tota/eN" (mglL) - C/zlorinatedCN" (mg/L)

Where:

mgIL =

D _.

can also be mg/kg

Final Volume ofDilution
Dilution Factor = .,.,.--,---:--,--~'--,----'--

Volume ofSample Distillate Used
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NOTE: Free cyanide has the same calculations as Total cyanide

12.4. LCS Recovery:

SOP No. NC-WC-0031
Revision No.3
Revision Date: 03/16/98
Page 140f17

Instrument Value x 100 = %Recovery
0.04(tTue)

12.5. CCV Recovery:

Instrument Value x 100 = % Recovery
0.025 (true)

NOTE: CCV recovery must be between 85 -115%for data to be acceptable. lfCCV recovery is not
within these limits, reanalysis is required.

12.6. MSIMSD Recoveryfor Waters and solids:

A - B x 100 = % Recovery
0.040 (true)

Where:

A

B =

Instrument value MSIMSD

Sample instrument value

13. METHOD PERFORMANCE

13.1. Each laboratory must have initial demonsrration of performance data on tile and
corresponding method d~tection limit files.

13.2. Training Qualifications:

13.2.1. The- group.'team leader has the responsibility to ensure that this procedure is
p<rformed by an associate who has been properly uained in ilS U~ and has lhe
r~yuifl.-d. ~:-.:perience.
• h,.. -,-

14. POLLlIT10:- PREH::-nON
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14.1. This method does not contain any specific modifications that serve to minimize or
prevent pollution.

15. WASTE MANAGEMENT

15. L All distillates can be rinsed down the drain with large amounts of water unless they
contain high levels ofCyanide. If they are highly concentrated, they must be disposed of
in the liquid waste container.

15.2. Solvent waste must be disposed of in clearly labeled waste cans.

15.3. Acid waste must be collected in clearly labeled acid waste containers.

15.4. Solid materials (gloves, soiled paper products, etc.) are placed in the solid debris
container. Dv not put liquids in the solid waste container.

15,5, Refer to the Laborator} 'ample and Waste Disposal plan,

15.6. Laboratory personnel assigned to perfann hazardous waste disposal procedures must
have a working knowledge of the established procedures and practices of Quanterra.
They must have training on the hazardous waste disposal practices upon initial
assignment to these tasks, followed by an annual refresher training.

16. REFERENCES

16.1. References

16.1.1, SW846. Tesr Merhods for Evaluating Solid Waste. Third Edition. Update I; Total
and Amenable Cyanide. Automated UV; Method 9012 A

16.1.2. EPA 600: Cyanide. Toral and Cyanide. Amenable lo Chlorinalion: Methods 335.1
and 335.2. March 1983

16.1.3. Slandard Vklhods for lhe Examination of Waler and Wasle\,.;aler. Eighteenth
Edition: Weak and Dissociable Cyanide: Method 4500-CN-E

.
16,1.4, L'SEPA CLP SOW Il\l103,0. Section D - Cyanide Midi Di"illa<i"n

16.1.5. QuahEerra' Qualily Assurance Management Plan. curren( re\·ision
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16.2. Associated SOPs
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16.2.1. LM·WALN·1142 (NC-WC-0032), Cyanide Distillation Method

17. MISCELLANEOUS (fABLES, APPENDICES, ETC...)

17.1. Reporting limits

17.1.1. The lower reporting limit (RL) is 0.005 mgIL for waters (50 mL used) and 0.25
mg/kg for solids (1.0 g _d).

17.1.2. If samples require dilution or smaller volumes than specified in this method, the
RL will be elevated.

17.2. Troubleshooting guide for poor Base and Gain or baseline noise

17.2.1. Place reagent lines 1-3 back in Brig solution and run on high for five minutes.
Place all 5 lines (1-5) and probe line in 1.25 N NaOH solution and run on high for
five minutes. Place lines back in appropriate "stan-up" solutions and run on high
for five minutes.

Place lines back in reagents and perform another base and gain when the baseline
has bet:n stabilized.

17.3. Method De\"iation (9012A. 335.1. 335.2)

17.3.1. Method of Standard Addition is not performed for samples with matrix
interference (sulfides).

"Co • .,. •. ,
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I. Pipet 10.0 mL ofthe 1000 ppm stock cyanide standard into a 250 mL Erlenmeyer flask and add 90
m.L of reagent water.

2. Add 0.5 mL (10 drops) of Rhodanine indicator.

3. Titrate with 0.0192 N silver nitrate (using a micro buret) until the color changes from yellow to
pink/orange.

4. Titrate a blank (100 mL reagent water) following steps 2 and 3.

5. Calculation:

Cyanide, mg I L =

Where:

(A· B) (1000)

mL Cyanide Solution (10)

A = mL lilrant for standard

B = mL titrOn! for blank

6. If the cyanide concentration is not 1000 ppm, adjust concentration accordingly.

A.
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I. SCOPE AND APPLICATION

This SOP describes procedures for preparation (extraction and cleanup) of semivolatile
organic analyles in aqueous, TCLP leachate, and soil matrices for analysis by Gas
Chromalography (GC) and Gas Chromatography / Mass Spectrometry (GC/MS). The
procedures are based on SW-846 and 600 series methodology and are applicable for
measurements made to comply with the Resource Conservation and Recovery Act
(RCRA) and for wastewater testing.

1.1.

1.2.

Extraction procedures for the following determinative methods are covered:

8080A, 8100, 8140. 8141A, 81508, 8151A, 82708. 8310
608,610, and 625

The extraction procedures here may be appropriate for other determinative methods
when appropriate spiking mixtures are used.

2. SUMMARY OF METHOD

2.1.

1.2.

J _.>.

~.5.

2.0.

Separatory Funnel Extraction

A measured volume of sample, typically 1 liter. is adjusted, if necessary, to a
specified pH and serially extracted with methylene chloride using a separatory funnel.

Continuous LiquidILiquid Extraction

A measured volume of sample. typically I liter. is placed into a continuous
liquid/liquid extractor, adjusted. if necessary. to a specific pH and extracted v..;th
methylene chloride for 18-24 hours.

Sonication Extraction

A measured weight of sample. typically 30 g. is mi:x~d \\ith anhydrous sodium sulfate
to form a free flowing powder. This is solvent ~:xtract~d three times using an
ultrasonic hom.

Soxhlet Extraction

A 30 g sample is mixed with anhydrous sodium sulf3t~ 10 form il free flowing
powder. This is extracted ......ith refluxing soh-em_

Cleanup and Concentration

Procedures are presented for removing intert~r~nb from sampl~ extracts. and for
drying and concentration of the extract to final \\'lu01I.' r.\ranalysis.

Ph~noxy a~id herbicide extractions

Proc~dures for the ~xtmclion and cleanup of pht:nl>x:..lC.:;O nl.:rt"!il·idt:s are pr~sc:nted in
\rp.:ndi, .\.
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3. DEFINITIONS

Definitions of terms used in this SOP may be found in the glossary of the Quality
Assurance Management Plan (QAMP).

4.

4.1.

4.2.

INTERFERENCES

Method interferences may be caused by contaminants in solvents, reagents,
glassVv<lre, and other processing apparatus that lead to discrete anifacts. All these
materials must be routinely demonstrated to be free from interferences under
conditions afthe analysis by running laboratory method blanks as described in the
Quality Control section. Specific selection of reagents may be required to avoid
introduction of contaminants.

Visual interferences or anomalies (such as foaming, emulsions, odor. etc.) must be
documented.

5. SAFETY

5.1.

. ,
)._-

5.3.

Procedures shall be carried out in a manner that protects the health and safety of all
Quanterra associates. The following requirements must be met:

Eye protection that satisfies ANSI Z87.l (as per lhe Chemical Hygiene Plan)•
laboratory coat and appropriate gloves must be worn v....hile samples. standards.
solvents and reagents are being handled. Disposable gloves that have become
contaminated will be removed and discarded. other gloves will be cleaned
immediately. Viton gloves may be worn when halogenated solvents are used for
extractions or sample preparation. Nitrile glo\"es may be used when other solvents are
handled. [Note: VITON is readily degraded by acetone]. When good manual
dexterity is needed. for example. when handling small quantities/containers.
disposable gloves (such as latex or N-DEX®) shall be used. While these gloves
protect against splashes, lhey give Iinle or no protection against contact \\oith large
quantities of solvent. and no protection against spills or immersion.

The: health and safety hazards of many of the chemicals used in this procedure have
not been full~ defined. Additional health and safety infonnation can he obtained from
the MSDS tiles maintained in the laboratory. The follo\\'ing sped tic hazards are
krnmn:

Chemicals that have been classified as carcinogens \IF potential
carcinogens unde:r OSHA include: yl~th~ lel1t.' chillridt:. PCBs. ct::rtain
r.eslicides.
'.
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The following materials are known to be corrosive: Concentrated sulfuric
acid, sodium hydroxide, IN nitric acid.
Sulfuric acid cleanup must not be performed on any ~atrix that may have
water present as a violent reaction between the acid and water may result
in acid exploding out afthe vessel.

Chemicals known to be flammable are: Diethyl ether, acetone, hexane, 2
propanol.
Mercury is a highly toxic compound that must be handled with care. The
analyst must be aware of the handling and clean-up techniques before
handling this material.

5.4. Exposure to hazardous chemicals must be maintained as low as reasonably
achievable, therefore. unless they are known to be non-hazardous. all samples should
be opened, transferred and prepared in a fume hood, or under other means of
mechanical ventilation. Solvent and \\'aSte containers will be kept closed unless
transfers are being made.

5.5. The preparation of standards and reagents and glassware cleaning procedures that
involve solvents such as methylene chloride will be conducted in a fume hood with
the sash closed as far as the operations will permit.

5.6. All work must be stopped in the event of a knOWTl or potential compromise to the
health and safety of a Quanterra associate. The situation must be reported
immediately to a laboratory supervisor.

6. EQUIPMENT AND SUPPLIES

6.1. Glassware should be cleaned with soap and water, rins~d with water and dried in an
oven at 4000C for at least 2 hours. Alternatively the glassware can be solvent rinsed
with acetone or methanol followed by methylene chlorid~ after the water rinse.

6.2. Equipment and supplies for extraction procedures

EQUIP'vIENT ..\1':D SUPPLIES Scp fun UU-, ! S",ni So, ll'onl,;

Separatory Funnel: 2 I. -.J I
Separatory Funnel Rack -.J I
Balance: '... 1.+00 g capacity. accurate ±1 g -.J -.J 1
pH indicator pa~r. wide-range: covers ~xtraction pH -.J

, I, ,
Graduated cdintlcr: -1-1itl'r. (other sizes rna.... be used) -.J -.J

;.. . I

Erknm~y~r Fla.'k l)r Fl~aker: 11:' &; 300 mL (other sizes -.J I :~

opti"mJII
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EQUIPMENT AND SUPPLIES Sep fun. CLLE Soni Sox Cone

Solvent Dispenser Pump or 100 mL Graduated Cylinder ...; ...;
Continuous LiquidlLiquid Extractor ...;
Round or flat Bottom: 250, 500 mL or I L ..J
Boiling Chips: Contaminant free, approximately 10/40 mesh ..J ...; ..J
(Teflon® PTFE, carbide or equivalent).

Cooling Condensers ..J ...;
Heating Mantle: Rheostat controlled ..J ..J
Auto-timer for heating mantle ..J ...;
Beakers: 250 & 400 mL. graduated ..J
Balance: > 100 g capacity, accurate ±O.l g ...; ...;
Soxhlet Extractor ...;
Sonicator (at least 300 watts) ...;
Sonicator horn. 3/4 inch ...;
Kuderna-Danish (K-D) Apparatus: 500 mL -..j

Concentrator Tube: 10 mL, attached to K-D with clips -..j

Jacketed Concentrator Tube V
Snyder Column: Three-ball macro -..j

Water Bath: Heated. with concentric ring cover. capable of ...;
temperature control (= 5:C) up to 95°C. The bath must be used in a
hood or with a solvent recovery system.

Vials: Glass.:2 mL ~ mL and 10 mL capacity with Teflon®-lined ...;
screw-cap

Nitrogen Blowdo\\-TI Apparatus -..j

Nitrogen: reagent grade. -..j

Culture tubes: 10 mL 16 mmxlOO mm -..j

Syringe: I mL -..j -J -..j -..j

Phase Separation Paper -..j ..J -..j -..j

Glass Wool -J -J -..j I

'II

Glass Funnel: 75 X 75 mm -..j -..j -J -.J oJ
Disposable Pipets oJ -J oJ oJ oJ
Aluminum foil oJ oJ oJ

I

oJ\}

Paper Towels oJ oJ oJ " oJ

6.3. Equipment and Supplies for Cleanup Procedures

EQUIPMENT .'\:\0 S{ 'PPLIES {iPC F10risi I Sulfur I \<:IJ ,\ B

Gd pem1eation chromatography system (GPC Autoprep I oJ

IModel 1002A (lr I(W~B :\nah tical Biochemical Laboratories. Inc.
or Zymark BenLhlllaffotequi\alentl. IBin Beads: (S-.\3, ·~Oll--I(J() mesh. 70 gm lBio-Rad Laborat\lries. \i !

RiLhmond. CA. Cltal(l~ l5~·:::""50 or equivalent).
I I '====
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EQUIPMENT AND SUPPLIES GPC Florisil Sulfur Acid NB

Chromatographic column: 700 mm x 25 mm ID glass column. --J
Flow is upward.
Ultraviolet detector: Fixed wavelength (254 nm) and a semi- --J
prep flow-through cell.

Strip chart recorder, recording integratoL or laboratory --J
data system.

Syringe: 10 mL with Luerlok fitting. --J
Syringe filter assembly, with disposable 5 urn filter discs, --J
Millipore No. LSWP 01300 or equivalent.

Chromatographic column: 250 mm long x 10 mm 10; with --J
Pyrex glass wool at the bottom and a Teflon stopcock (for silica gel
cleanup).

Vacuum system for eluting multiple cleanup cartridges. Vac --J
Elute Manifold - Analyrichem International. J.T. Baker, or Supelco
(or equivalent). The manifold design must ensure that there is no
contact between plastics containing phthalates and sample extracts.
Vacuum trap made from a 500 mL sidearm flask fitted with a one- --J
hole stopper and glass tubing.

Vacuum pressure gauge. --J
Rack for holding 10 mL volumetric flasks in the manifold. --J
Mechanical shaker or mixer: Vortex Genie or equivalent. --J --J
Separatory Funnels with Ground-Glass Stoppers: 250 mL --J
Erlenmeyer Flasks: 125 mL --J
Disposable Pipets --J --J ..J --J
Culture tubes: 10 mL. 16 mmxlOO mm --J --J ..J ..J ..J

7. REAGENTS AND STANDARDS

7.1. Reagents for Extraction Procedures

All reagents must be ACS reagent grade or better unless othen\ise specified.

REAGENTS Sep fun. CIl.l I Soni I Sox Com:

Sodium hydroxide (!'iaOH). Pellets: Reagent Grade --J ..J I
Sodium hydroxide solution. 10 N: Dissolve 40 g of NaOH in ..J --J
reagent water and dilul~ III 100 tnL.

Sulfuric acid (H:SOJ ). Ct)flcentrated: Reagent Grad~ ..J -V
Sulfuric acid (1: 1): Carefully add 500 mL of H:SO~ to 500 mL -V -V -
of reagent water. Mi.\ \\dl.

Organic free reagent ",aIeL ..J \I' !
Sodium sulfate (\ia:SO J t. (iranular. Anhydrous: Purify by ..J

,
.JIi \:

heating a1400'C a minimum 01'1\\0 hours.

Extraction/Exchang~ Sol\~nts: M~thy lene chlorid~. hexane. ..J
, ,

IJ \; \ I!
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REAGENTS Sep fun. CLLE Soni Sox Cone

acetonitrile, acetone. pesticide quality or equivalent

Acetone: Used for cleaning .y -../ -../ -../ -../

7.2. Reagents for Cleanup Procedures

REAGENTS GPC Florisil Sulfur Acid AlB

Florisil: 500 mg or I g cartridges with stainless steel or Teflon frits -../
(calalog 694-313. Analytichem. 24201 Frampton Ave.. Harbor City,
CA, or equivalent.)

Mercury: triple distilled -../
Tetrabutylammonium hydrogen sulfate -../
Sodium sulfite -../
Tetrabutylarnmonium (TBA) sulfite reagent: Prepare -../
reagent by dissolving 3.39 g ofTetrabutylammonium hydrogen
sulfate in 100 mL organic-free reagent water. Extract this solution 3
times with 20 mL portions of hexane. Discard the hexane extracts.
Add 25 g sodium sulfite to the water solution.

2-Propanol -../
Nitric acid: 1N -../
Copper powder: remove oxides (if powder is dark) by treating -../
with 1N nitric acid. rinse with organic-free reagent water to remove
all traces of acid. rinse with acetone. and dry under a stream of
nitrogen.

Sulfuric acid. Concentrated -../
Sodium hydroxide. Pellets -../
Sodium hydroxide. ION: Dissolve 40 g ofNaOH in 100 mL of -../
reagent water

Sulfuric acid (H:!S0-l)' Concentrated: Reagent Grade -../
Sulfuric acid (1: 1): Carefully add 500 mL of H:!S0-l to 500 mL -../
of reagent water. Mix well.

7.3. Standards

7.3.1. Stock Standards

Stock standards are purchased as certified solutions or preparc:d from neats.
Semiyolatile stock standards arc: stored at < 6uC. All stock standards must be
prott:cteJ from light. Srock standard solutions must be replacc:d aft~r six months
(frool>.t.he lime of preparation. if prepared in house. or from the timc tht:
amp~)~;k j:-; opt:ned if purchased.) Standards must he allowed to come to room
temperature hd"on~ use.
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7.3.2. Surrogate Spiking Standards

Prepare or purchase surrogate spiking standards at the concentrations listed in
Table 5. Surrogate spiking standards are prepared as dilutions of the stock
standards. Surrogate spiking solutions must be refrigerated and protected from
light. The standards must be replaced at least every six months or sooner if
there is reason to believe that the standard has degraded or concentrated.

7.3.3. Matrix Spiking and Laboratory Control Spiking Standards.

The same spiking solution is used for the matrix spike and the Laboratory
Control Sample. Prepare MSILCS spiking standards at the concentrations listed
in Table 6. Spiking standards are purchased or prepared as dilutions of the stock
standards. Surrogate spiking solutions must be refrigerated and protected from
light. The standards must be replaced at least every six months or sooner if
there is reason to believe that the standard has degraded or concentrated.

7.3.4. GPC calibration solution - prepare or purchase a solution in methylene cWoride
that contains the following analytes in the concentrations listed below:

Analyte mg/mL

Com Oil 25.0
Bis (2-ethylhexyl) phthalate 1.0
Methoxychlor 0.2
Perylene 0.02
Sulfur 0.08

NOTE: Sulfur is not very soluble in methylene chloride. ho\vever. it is
soluble in warm com oil. Therefore, one approach is to weigh out the
com oil. warm it. and transfer the weighed amount of sulfur into the
warm com oil. Mix it and then transfer into a volumetric flask with
methylene chloride. along with the other calibration compounds. This
standard has a lifetime of 6 months.

8. SAMPLE COLLECTION PRESERVATION AND STORAGE

8.1. Samples are not cht:mically preserved.

8.2. Samples are stort:d at ~oC :i:: 1°C in glass containers with TdlonE -lin-.:d caps.

8.3. Holding Times

8.3.1. Exira""ction is initiated within 7 days of the sampling date for 3.YllePlI:' :,amples.
I~ days for splid and wast~ samples.
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8.3.2. For TCLP leachates, extraction is initiated within seven days from when the
leaching procedure is completed.

8.3.3. Analysis of the extracts is completed within forty days ofextraction.

9. QUALITY CONTROL

9.1. Quality Control Batch

The batch is a set ofup to 20 samples that are of the same matrix and are processed
together using the same procedures and reagents. The batch must contain a method
blank., an LCS and a matrix spike / matrix spike duplicate. (In some cases, at client
request, it may be appropriate to process a matrix spike and sample duplicate in place
of the MS / MSD). If clients specify specific samples for MSIMSD, the batch may
contain multiple MSIMSD.

9.2. Definition of matrix

The possible matrix types are aqueous, soil, waste and TCLP leachate.

9.3. Insufficient Sample

If insufficient sample is available to process a MSIMSD, then a second LCS must be
processed. The LCS pair is then evaluated according to the MSIMSD criteria. Use of
a LCS pair in place of a MSIMSD must be documented as a nonconformance.

9.4. Sample count

Laboratory generated QC samples (method blanks, LCS, MS/MSD) are not included
in the sample count. Field QC samples and multiple dilutions of samples are
included.

9.5. Method Blank

A method blank consisting of all reagents added to the samples must be prepared and
analyzed ",,·jth each batch of samples. Surrogates are spiked into the method blank at
the same level as the samples. The method blank is used to identify any background
interference or contamination of the analytical system which may lead to the reporting
ofelevated concentration levels or false positive data.

9.5.1. Aqueous I'vlethod Blanks use 1000 mL of reagent water spiked with the
surrogates. The method blank goes through the entire analytical procedurr.:.
including any cleanup steps.

9.5.2. Solid meth\}d hlanks use approximately 90 g of sodium sulfate spiked \\"ith thr.:
sun:o,gatr.:s. The method blank goes through the entire analytical procedure.
i~clGalng any deanup steps.



EXTRACTION AND CLEANUP OF ORGANIC COMPOUNDS
FROM WATERS AND SOILS, BASED ON SW-846 3500 SERIES,
3600 SERIES, 8150, 8151'AND 600 SERIES METHODS.

SOP No: CORP-oP-oOOINC
Revision No: 2.4
Revision Date: 10/16/98
Page 12 of95

9.5.3. TCLP method blanks use 200 mL ofleachate fluid (100 mL for pesticides or
herbicides) spiked with the surrogates. The leachate may optionally be diluted
to 1000 mL with reagent water. The method blank goes through the entire
analytical procedure, including any cleanup steps.

9.6. Laboratory Control Sample (LCS)

Laboratory Control Samples are well-characterized, laboratory generated samples
used to monitor the laboratory's day to day performance of routine analy1ical
methods. The LCS, spiked with a group of target compounds representative of the
method analytes, is used to monitor the accuracy of the analytical process,
independent of matrix effects. On-going monitoring of the LCS results provides
evidence that the laboratory is performing the method within accepted QC guidelines
for accuracy and precision. The LCS goes through the entire analytical procedure,
including any cleanup steps.

9.6.1. The LCS is made up in the same way as the method blank but spiked with the
LCS standard and the surrogates (See sections 9.5.1 - 9.5.3).

9.7. Surrogates

9.7.1. Surrogates are organic compounds which are similar to the target anal:yte(s) in
chemical composition and behavior in the analytical process, but which are not
normally found in environmental samples.

9.7.2. Each applicable sample. blank LCS and MSIMSD is spiked with surrogate
standards. Surrogate spike reco'veries must be evaluated by determining
whether the concentration (measured as percent recovery) falls within the
required recovery limits.

9.8. Matrix Spike/~1atrix Spike Duplicate (MS/MSD)

A matrix spike is an environmental sample to which known concentrations of target
analytes have been added. A matrix spike duplicate is a second spiked aliquot of the
same sample which is prepared and analyzed along with the sample and matrix spike.

9.9. Initial Demonstration ofCapability

The initial demonstration and method detection limit studies described in section I"
must be acceptable before analysis of samples may begin.

9.10. Quality Assurance Summaries

Cenain clients may require specific project or program QC which rna) supersede
thesef;-~~ihod requirement::;. Quality Assurance Summaries (QAS) should be
developed to address the:--e requirements.

9.11. Quanterra QC Program
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Further details of QC and corrective action guidelines are presented in the Quanterra
QC Program document (QA-003). Refer to this document if in doubt regarding
corrective actions.

10. CALIBRATION AND STANDARDIZATION

Refer to section 11.8.1.2 for calibration of the GPc. Otherwise this
section is not applicable.

11. PROCEDURE

Procedures for separatory funnel liquid/liquid extraction (11.2), continuous liquid/liquid
extraction (11.3), sonication extraction (11.4), soxhlet extraction (11.5), waste dilution
(11.6), extract concentration (11.7), and extract cleanup (11.8) are presented in this
section.

11.1. Procedural Variations

Procedural variations are allowed only if deemed necessary in the professional
judgment of the supen;isor to accommodate variation in sample matrix, radioactivity.
chemistry, sample size. or other parameters. Any variation in procedure shall be
completely documented using a Nonconformance memo and approved by a
supervisor and QA/QC manager. If contractually required, the client will be notified.
The Nonconformance memo will be filed in the project file.
Any deviations from this procedure identified after the work has been completed must
be documented as a nonconformance. with a cause and corrective action described. A
Nonconformance memo shall be used for this documentation.
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11.2. ' Separatory Funnel LiquidILiquid Extraction of Water Samples.

A flow chart for this procedure is included in Section 17. There are slight differences
in the initial steps for SW-846 and 600 series methods, as defined below.

11.2.1. Sample preparation for SW-846 methods

11.2.1.1. For pesticides and TCLP leachates, measure the initial sample pH with
wide-range pH paper and record on the extraction benchsheet. If sample is
a leachate (e.g. TCLP), compare the current pH against leachate log, note
on the benchsheet if there is any discrepancy.

11.2.1.2. Add 60 mL of methylene chloride directly to the separatory funnel.
Transfer the sample to the separatory funnel.The sample volume is
determined by marking the meniscus level on the sample container. Mark
the meniscus and transfer the sample to the separatory funnel. Fill the
sample container with water up to the marked level. Transfer the measured
amount of water to a graduated cylinder and record the volume on the
benchsheet to the nearest 5 mL. Less than one liter of sample may be used.
If necessary, dilute the sample to about 1 liter with reagent water.

11.2.1.3. Prepare a method blank, LCS and MSIMSD for each batch as specified in
section 9 of this SOP. Use 1 L of reagent water for method blanks and
LCS.

11.2.1.4. Use 100 mL of leachate for TCLP pesticides, and 200 rnL ofleachate for
TCLP semivolatiks. measured in a graduated cylinder. The leachate
should be made up to 1 L in volume with reagent water.

11.2.1.5. For a TCLP method blank. measure 100 mL (200 mL for semivobtiles) of
the buffer solution used in the leaching procedure and transfer to the
separatory" funnel. Dilute to about 1 liter with reagent water. Add 60 mL of
methylene chloride to the separatory funnel.

11.2.1.6.Proceed to section 11.2.3 (SW-8..+6 and 600 series).

I 1.2.2. 600 Series methods

11.2.2. I. Mix the sample v.dl hy shaking the container.

I 1.2.2.2. Measure th~ initial sample pH with wide-range pH paper and rec,)rd on ,h~

",extraction benchsheet.

J 1.2.2.3. Add 60 mL ,If methykne chloride directly to the separator: funnl::l.
Transkr the -;amrk tp the separator:' funnel. Empty the containl::r
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completely. Add approximately 10-20 mL of methylene chloride to the
sample container, seal and shake to rinse the inner surface and remove
residual analytes adhering to the glass walls. Transf~r this solvent to the
separatory funnel.

•. Warning: DicWoromethane creates excessive pressure very rapidly!
Therefore, initial venting should be done immediately after the sample
container has been sealed and inverted. Vent into hood away from
analysts and other samples. The sample volume may also be
determined by marking the meniscus level on the sample container.
Transfer the sample to the extractor (see 11.1.3). Fill the sample
container with water up to the marked level. Transfer the measured
amount of water to a graduated cylinder and record the volume on the
benchsheet to the nearest 5 mL.

• Less than one liter of sample may be used. Dilute the sample to about
1 liter with reagent water.

11.2.2.4. Prepare a method blank, LCS and MSIMSD for each batch as specified in
section 9 ofthis SOP. Use 1 L of reagent water for method blanks and
LCS.

11.2.2.5. Proceed to section 11.2.3 (SW-846 and 600 series)

11.2.3. Add 1 mL of the surrogate spiking solution (Table 3) to each sample, method
blank, Laboratory Control Sample (LCS), and Matrix SpikelMatrix Spike
Duplicate (MS/MSD). Add 1 mL of the matrix spiking solution (Table 4) to
each LCS and MSIMSD. Note that different matrix spiking solutions are used
for 600 series. 8000 series and TCLP batches. Swirl liquid in separatory funnel
gently to homogenize sample and surrogate/spiking compounds. Note that the
surrogate and matrix spiking solutions should be brought to room temperature
before spiking the samples.

11.2.4. Adjust sample pH as indicated in Table I for th~ initial extraction. Use the
minimum amount of I: 1 H2S0~ or ION NaOH necessary. Recheck the sample
with pH paper by dipping a disposable pipene into the sample and wetting the
pH paper. Record adjusted pH. spiking volumes and standard numbers on the
benchsheet. Return spiking solutions to the refrigerator as soon as possible.

] ] .2.5. Seal and shake the separatory· funnel vigorously f()r 1-2 minutes with periodic
venting to release excess pressure.

Warning: Dichloromethane creates excessive pressure \·cry rapidly·!
.Therefore. initial venting should be done immediate!: after the separatory
funnel has been sealed and inverted. Vent into hood Cl\\ay from analysts and
otha samples.
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11.2.6. Allow the organic layer to separate from the water phase until complete visible
separation has been achieved (approximately 10 minutes). If the emulsion
interface between layers is more than one-third the size of the solvent layer, the
analyst must employ mechanical techniques to completethe phase separation.
The optimum technique depends upon the sample and may include stirring,
filtration of the emulsion through glass wool, centrifugation, or other physical
methods. If the emulsion cannot be broken (recovery of <80% of the methylene
chloride*), transfer the sample, solvent, and emulsion into the extraction
chamber ofa continuous extractor and proceed as described in continuous
liquid-liquid extraction (Section 11.2.). If this is done, the sample must be
extracted as part of a valid CLLE batch.

*Note: 15 - 20 mL of methylene chloride is expected to dissolve in 1 L of water.
Thus, solvent recovery could be as low as 35 mL from the first shake and still
be acceptable. Subsequent shakes should recover at least 50 mL of solvent.

11.2.7. Fill a funnel with 10-20 g ofanhydrous sodium sulfate. The funnel can be
plugged with glass wool or filter paper may be used to hold the sodium sulfate.
Add a small amount ofmethylene chloride to wet the sodium sulfate. Drain the
solvent extract from the separatory funnel through the prepared filtration funnel
into a clean glass container. The extract may be drained directly into the KD
t1ask. Close the stopcock just before the water level begins draining out of the
separatory funnel. If the sodium sulfate becomes saturated with water add more
to the funnel or replace the existing sodium sulfate with fresh drying agent.

11.2.8. Repeat the extraction process two more times using fresh 60 mL portions of
solvent. combining the three solvent extracts in the collection container.

11.2.9. If extraction at a secondary pH is required. adjust the pH of the sample in the
separatory funnel to the pH indicated in Table 1 with a minimum amount of 10
N NaOH or 1:1 H1S0~. Measure with pH paper and record the adjusted pH on
the benchsheet. Serially extract \Vith three 60 mL portions of methylene
chloride. as outlined in Steps 11. 1.7 to 11. 1.9. Collect these three extracts in the
same container used for the acid fraction.

.Vote: Alternatively. the acid and base fractions may be kept separate. This may
be required for method 625. Separate analysis of the acid and base fractions may
also be required for method 625. Individual client requin:ments must be checked
hefore starting the extraction.

] 1.:.] O. R.insc the extract residue from the sodium sulfah: hy p()urin~ 20-30 mL of clean
methylene chloride through the funnel and into the colkctilm containcr.

i',

11.:.11. Dispose of soh'ent and water remaining in the extractor i11l\' th~ appr(\priate
\\ash: container.
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11.2.12. Cover with aluminum foil ifthe extract is not concentrated immediately. Refer to
Section 11.7 for concentration and Section 11.8 for cleanup.
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11.3. Continuous LiquidILiquid Extraction from Water Samples.

A flow chart for this procedure is included in Section 17. There are slight differences
in the initial steps for SW-846 and 600 series methods, as defined below.

11.3.1. Sample preparation for SW-846 methods.

11.3.1.1. Add 3 to 5 boiling chips to the round bottom distilling flask. Assemble to
the liquid/liquid body. Add 200-300 mL of methylene cWoride to the
extractor body.

Note: Other liquid/liquid designs may require the addition ofdifferent
amounts ofmethylene chloride.

11.3 .1.2. Measure the initial sample pH with wide-range pH paper and record on the
extraction benchsheet. If sample is a leachate (e.g. TCLP), compare the
current pH against leachate log, note on the benchsheet if there is any
discrepancy.

11.3.1.3. The sample volume is determined by marking the meniscus level on the
sample container. Transfer the sample to the extractor (see 11.1.3). Fill the
sample container with water up to the marked level. Transfer the measured
amount of water to a graduated cylinder and record the volume on the
benchsheet to the nearest 5 mL.

11.3.1.4. Prepare a method blank LCS and MSIMSD for each batch as specified in
section 9 of this SOP. Use 1 L of reagent water for method blanks and
LCS.

11.3.1.5. Use 100 mL ofleachate for TCLP herbicides, and 250 mL ofleachate tor
TCLP pesticides and semivolatiles, measured in a graduated cylinder. The
leachate may be made up to I L in volume with reagent water.

11.3.1.6. For a TCLP method blank. measure 100 mL (for herhicides) or :l50mL
(fhr pesticides and semivolatiles) of the buffer solution used in the leaching
procedure and transfer to the separatory funnel. Dilute to ahout I liter with
reagent \-vater.

11.3.1.7. Less than one liter of sample may be used. for highly contaminated
sampks. or if the reporting limit can be achie\"ed \\itl} less than one liter of
sample. In this e\"cnt dilute the sample to about I liter \\ ith reagent \\ater.

.,"''''.

11.3.1.8. - Proce~d to section 11.3.3 (SW-846 and 600 seri~s metlwds).

11.3.2. ,-;ampk rrcraratipn fpr n(lO series methods.
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11.3.2.1. Add 3 to 5 boiling chips to the round bottom distilling flask. Assemble to
the liquidlliquid body. Add 200 mL of methylene chloride to the extractor
body.

11.3.2.2. Mix the sample well by shaking the ~ontainer.

11.3.2.3. Measure the initial sample pH with wide-range pH paper and record on the
extraction benchsheet.

11.3.2.4. The sample volume is determined by marking the meniscus level on the
sample container. Transfer the sample to the extractor (see 11.1.3). Fill the
sample container with water up to the marked level. Transfer the measured
amount of water to a graduated cylinder and record the volume on the
benchsheet to the nearest 5 mL. Add approximately 20 mL of methylene
chloride to the sample container, seal and shake to rinse the inner surface
and remove residual analytes adhering to the glass walls. Transfer this
solvent to the continuous extractor body. If the entire sample is not used the
sample volume is measured using a graduated cylinder.

Warning: Dichloromethane creates excessive pressure very rapidly!
Therefore. initial yenting should be done immediately after the sample
container has been sealed and inverted. Vent into hood away from analysts
and other samples.

11.3.2.5. Prepare a method blank. LCS and MSIMSD for each batch as specified in
section 9 of this SOP. Use I L of reagent water for method blanks and
LCS.

11.3.2.6. Less than one liter of sample may be used, for highly contaminated
samples. or if the reporting limit can be achieved with leSS than one liter of
sample. In this eyent dilute the sample to about I liter \\·ith reagent water.

11.3.2.7. Proceed to section 11.3.4 (SW-846 and 600 series meth~)ds).
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t liquid solvent flow

• gaseous solvent flow
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11.3.3. Add I mL of the surrogate spiking solution (Table 3) to each sample. method
blank. Lahoratory Control Sample (LCS). and Matrix Spike/Matrix Spike
Duplicate (\1S/MSD). Add I mL of the matrix spiking solution (Table...J.) to
each ITS and l\:lSfMSD.

• Different matrix spiking solutions are used for 600 series, 8000 series
and TCLP batches.

• Surrogate and matrix spiking solutions should be brought to worn
temperature before spiking the samples.

11.3.4. .-\djust sample pH as indicated in Table I for the initial e~tractit)fi. l.~se the
minimum amount of I: I H~SO~ or ION NaOH neces:,ary. Recheck the sampk
\\ ~~ pll paper. Record adjusted pH. spiking \\llume::; and stand:mi numhers on
theChenchshet:L Return spiking solutions to the refrigerator a~ :'t)on a~ pllssihk.
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11.3.5. Attach cold condenser (about lOOC) to the extractor body. Turn on heating
mantle. Inspect joints for leaks once solvent has begun cycling. Extract for 18
24 hours. (24 hours required for 600 series)

11.3.6. If extraction at a secondary pH is required, (see Table 1) turn off the heating
mantle and allow the extractor to cool. Detach the condenser and adjust the pH
of the sample in the extractor body to the pH indicated in Table 1 with a
minimum amount of 10 N NaOH or 1:1 H2S04• Measure with pH paper and
record the adjusted pH on the benchsheet. Ifdesired, the acid and base fractions
may be kept separate by replacing the boiling flask with a clean flask and fresh
solvent. Reattach the condenser and turn on heating mantle. Extract for 18-24
hours.

Note: Alternatively, the acid and base fractions may be kept separate. This may
be required for method 625. Separate analysis of the acid and base fractions may
also be required for method 625. Individual client requirements must be checked
before starting the extraction.

11.3.7. Turn off the heating mantle and allow the extractor to cooL

11.3.8. Place a funnel containing 10-20 g of anhydrous sodium sulfate on the Kudema
Danish (K-D) apparatus or other glass container. The funnel can be plugged
with glass wool enabling it to hold the granular anhydrous sodium sulfate or
phase separation filter paper may be used.

11.3.9. Dry the extract in the round bottom flask by filtering it through the sodium
sulfate filled funnel. Note that it is not necessary nor advisable to attempt to add
the solvent remaining in the continuous extractor body to the extract.

11.3.10. Collect the dried extract in a K-D or other glass container. Rinse the flask
which contained the solvent extract with 20-30 rnL of methylene chloride and
add it to the funnel to complete the quantitative transfer. Dispose of soh-ent and
water remaining in the extractor in the appropriate waste container.

Note: Some types ofCLLE apparatus have built in drying columns_ If this type
of apparatus is used then a drying step subsequent to the extraction may not be
necessary.

1] .3.] 1. Cover with aluminum foil if the extract is not concentrated immediatdy. Refer to
Section ] 1.7 !()r concentration and Section I 1.8 for cleanup.

"".e.' A,- .
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11.4.1. A flow chart for this procedure is included in Section 17.·

11.4.2. Determination ofpercent moisture (Optional - if a different group performs this
test, refer to the facility SOP.)

In some cases, sample results are needed on a dry weight basis. If this is the
case, weigh 5-10 g of sample into a suitable tared container (typically an
aluminum weigh pan. Determine the % moisture by drying overnight (at least
12 hours) at 105°C. Allow to cool in a desiccator before weighing.

0
1/ M . (weight of wet sample - weight of dry sample) 100
/0 Olsture = ~ x

weight of wet sample

11.4.3. Determination of pH (Optional- if a different group performs this test. referto
the facility SOP.)

If pH determination is required. transfer 109 of soil to a beaker. Add 10 mL of
water. Stir for 1 hour. Determine the pH of the sample with a glass electrode
and pH meter.

11.4.4. Sonication Procedure

I 1.4.4.1. Decant and discard any water layer on a sediment/soil sample. Homogenize
the sample by mixing thoroughly. Discard any foreign objects such as sticks.
leaves and rocks. unless extraction of this material is required by the client.
If the sample consists primarily of foreign materials consult with the client
(via the Project Manager or Administrator). Document if a v,·ater layer was
discarded.

I I AA.2. Remove surrogate and matrix spiking solutions from refrigerator and all0\\

to \varm to room temperature.

II AA.3. Weigh 30 g ofsample ± 0.2 g into a 250 or -1-00 mL beaker. Record the
\\eight to the nearest 0.1 g in the appropriate column on the henchsheet. l·se
approximaleZ\' 90 g of sodium sulfate for the method blank and LCS.

11.4.4A. \tlix \veighed sample with a spatula adding enough anh).drolls sodium
sulfate (approximately 60 gl to be free t1owing. (lfth~sampk is I1Pl free
t10wing extraction etliciency may be reduced)

-"*:-
ll.-I-.-I-.~. Prepare a method blank. LCS and \1S'\t1SD for each hatch as specified in

s~clilln 9 of this SOP.
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11.4.4.6. Add 1 mL ofthe surrogate spiking solution to each sample, method blank,
Laboratory Control Sample (LCS), and matrix spikes. Add 1 mL ofthe
appropriate matrix spiking solution to each Matrix Spike/Matrix Spike
Duplicate (MS/MSD) and LCS. Refer to Table 3 and 5 for details of the
spiking solutions. Record spiking volumes and standard numbers on the
benchsheet. Return spiking solutions promptly to refrigerator.

Note: The same volume ofsurrogate and matrix spiking solution is used if
GPC is indicated since the final volume would be reduced to compensate for

. loss of extract during the GPC procedure.

·11.4.4.7. Immediately add a minimum of 100 mL of 1: 1 methylene chloride:acetone to
the beaker.

Note: Use methylene chloride only if the extract is for Diesel Range
Organics or similar tests that require detennination of the total area of the
chromatogram by GC-FID. If acetone is used the aldol condensation
product will interfere with these tests.

Note: Steps 11.4.4.2 - 11.4.4.6 should be performed rapidly to avoid loss
of the more volatile extractables.

11.4.4.8. Place the bottom surface of the appropriate disrupter hom tip approximately
Y2 inch below the surface of the solvent. but above the sediment layer.

11.4.4.9. Sonicate for 3 minutes, making sure the entire sample is agitated. If the w
380 or W-385 sonicator is used the output should be set at 6 for the 3/4 inch
high gain (Q) horn or 10 for the 3/4 inch standard horn. with mode switch on
pulse. and percent-duty cycle knob set at 50%.

Note: Do not use Microtip probe.

11.4.4.10. Loosely plug the stem ofa 75 nun x 75 mm glass funnel with glass wool
and/or line the funnel with filter paper. Add 10-20 g ofanhydrous sodium
sulfate to the funnel cup.

11.4.4.11. Place the prepared funnel on a collection apparatus (heaker or K-D
Apparatus.

I 1.4.-1-.12. [kcant and filter extracts through the prepar-:d funnel into a clean beaker or
K-D Apparatus.

11.4.-+.1~. Repeat the extraction two more times with additional 100 mL minimum
./':ponions of methylene chloride! acetone each time. Ikcant off extraction

s(lh'ent after each sonication. On the tinal spnicatio!1 rtll1r the entire sample
(:-;ediment and soh-ent) into the funnel and rins~ \\ilh :.in additional 10 mL-20
mL of the methylene chloride/acetone.
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Note: Alternatively, the three extracts may be collected together and then
filtered through the sodium sulfate.

11.4.4.14. Cover 'With aluminum foil ifthe extract is not concentrated immediately.
Refer to Section 11.7 for concentration and Section 11.8 for cleanup.

11.4.5. Sonicator Tuning.

11.4.5.1. Tune the sonicator according to manufacturer's instructions. The sonicator
must be tuned at least every time a new hom is installed.
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11.5.1. Determination of % moisture

In some cases, sample results are needed on a dry weight basis. If this is the
case, weigh 5-10 g of sample into a suitable tared container (typically an
aluminum weigh pan. Detennine the % moisture by drying overnight at 105°C.
Allow to cool in a desiccator before weighing.

0/ M . (weight of wet sample-weight ofdry sample) 100
10. Olsture = x

weight of wet sample

11.5.2. Determination ofpH

If pH determination is required, transfer 109 of soil to a beaker. Add 10 mL of
water. Stir for 1 hour. Detennine the pH of the sample \\-ith a glass electrode
and pH meter.

11.5.3. Decant and discard any water layer on a sediment/soil sample. Homogenize the
sample by mixing thoroughly. Discard any foreign objects such as sticks. leaves
and rocks. unless extraction ofthis material is required by the client. If the sample.
consists primarily of foreign materials consult with the client. Document on
benchsheet if a water layer \vas disc~ded.

11.5.4. Remove surrogate and matrix spiking solutions from refrigerator and aHo,-v to
warm to room temperature.

11.5.5. Weigh 30 g of sample ± 0.2 g into a beaker. recording the weight to the nearest
0.1 g on the benchsheet.. Use approximately 30 g ofsodium sulfate for the
method blank and LCS. Add 30 g ofanhydrous sodium sulfate and mix \vell.
The mixture should have a free flo\\-ing texture. If not. add more sodium sulfate.
Add the sample/sodium sulfate mixture to a soxhlet thimble. but do not pack the
thimble tightly. The extraction thimble must drain freely for the duration of the
extraction period. A glass wool plug above and below the sample in the soxhkt
extractor is an acceptable alternative for the thimble.

,Vote: Ill!1e sample is visih(r dry. H:eigh direct(\.: into a lhimhle and mix \I'ilh
approximale(r 30 g ofsodium sulfa/e.

11.5.5.1. Sample weights kss than 30 g but over 5 g may be used if the appropriate:
reporting limits can be met.

11.5.6. Prepa,re a mct!wd blank. LCS and \1S/MSD for each batch as specitieJ in
seeti~n 9 \)1' thi~ SOP. using sodium sulfate as the matrix. The \\eight \)!" sudium
sulfate used shpulJ he approximately the weight of soil used in each :;ampk.
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11.5.7. Add 1 mL of the surrogate spiking solution to each sample, method blank,
Laboratory Control Sample (LCS), and matrix spikes. Add 1mL of the
appropriate matrix spiking solution to each Matrix SpikelMatrix Spike Duplicate
(MSIMSD) and LCS. Refer to Tables 3 - 6 for details of the spiking solutions.
Record spiking volumes and standard numbers on the benchsheet. Return spiking
solutions promptly to refrigerator.

Note: The same volume ofsurrogates and matrix spiking compounds is
used if GPC is indicated since the final volume would be reduced to compensate
for loss ofextract during the GPC procedure.

11.5.8. Place 200 mL of 1: 1 methylene chloride:acetone into a 250 mL round bottom
flask containing one or two clean boiling chips. Attach the flask to the extractor
and extract the sample for 16-24 hours at 4-6 cycles per hour. Check the system
for leaks at the ground glass joints after it has warmed up.

Note: Use methylene chloride only if the extract is for Diesel Range Organics
or similar tests that require determination of the total area of the chromatogram
by GC-FID. If acetone is used the aldol condensation product \\-111 interfere with
these tests.

11.5.9. Allow the extract to cool after the extraction is complete, then disassemble by
gently twisting the soxhlet from the flask. Dry the extract in the flask by
filtering it through a sodium sulfate filled funnel.

11.5.10. Collect the dried extract in a K-D or other glass container. Rinse the flask
which contained the solvent extract with 20-30 mL of methylene chloride and
add it to the funnel to complete the quantitative transfer.

11.5.11. Cover with aluminum foil if the extract is not concentrated immediately. Refer to
Section 11.7 for concentration and Section 11.8 for cleanup.
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11.6.1. This method is used for materials that are soluble in an organic solvent.

11.6.2. Transfer 10 mL of the solvent to be used for dilution into a Teflon capped vial.
Mark the meniscus on the vial, then discard the solvent.

11.6.3. Tare the vial, then transfer 1.0 g 2: 0.1 g of sample to the vial. Record the
weight to the nearest 0.1 g.

11.6.4. Add 1 mL of surrogate solution (Table 3).

11.6.5. Dilute to 10 mL (make up to the meniscus mark) with the appropriate solvent.
(Methylene Chloride for GCIMS analysis, hexane for pesticides analysis.)

11.6.6. Add 2 g + 0.1 g sodium sulfate to the sample. Cap and vortex for 2 minutes.

11.6.7. Optional: Add 4-5 g sodium sulfate to a small funnel. The funnel can be
plugged with glass wool filter paper may be used to hold the sodium sulfate.

11.6.8. Pour the sample through the funnel. collecting as much as possible in a clean
vial. Do NOT rinse the funnel with additional solvent, and do NOT concentrate
the sample. The final volume is defined as 10 mL.

Note: Concentrate extracts/or GCIMS analysis to 2 mL.

11.6.9. Label the sample. which is now ready for cleanup or analysis.
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11.7. Concentration

According to the type of sample and any cleanup proceduresneeded, different final
solvents and volwnes will be required. Refer to Table 2 for the appropriate [mal
volumes and concentrations.

11.7.1. Kuderna-Danish (KD) Methods:

11.7.1.1. Water Bath-Based Concentration Method:

11.7.1.1.1. Assemble a Kuderna-Danish concentrator by anaching a 10 mL
concentrator tube to the 500 roL KD flask. Transfer the sample to the
K-D flask.

11.7.1.1.2. Add one or two clean boiling chips and the extract to be concentrated
to the KD flask and attach a three ball Snyder Column. Add
approximately 1 mL of clean methylene chloride to the top of the
Snyder column (this is important to ensure that the balls are not stuck
and that the column "viII work properly).
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I1.7.1.1.3. Place the KD apparatus on a water bath (80-90°C) so that the tip of the
concentrator tube is submerged. The water level should not reach the
joint between the concentrator and the KD flask. At the proper rate of
distillation. the balls \vill actively chatter but the chambers should not
flood.

11.7.1.1.4. Concentrate to 5-15 mL. If the determinative method requires a
solvent exchange add the appropriate exchange soh'ent (50 mL
hexane. 50 mL cyclohexane. 2 mL acetonitrile or 10 mL toluene) to
the top of the Snyder Column. and then continue the \\"ater bath
concentration back down to 1-4 mL. Refer to Table 2 for details of
exchange soh"ents and tinal \olumes. The Snyqer column may be
insulated if necessary t(l maintain the correct rate of distillation.

il~'h-qn.5. An altemati\ e technique for s{)! \"ent exchange is to repla.:e the macro
Snyder column and KD tlask with a micro Snyder column.
concentrate to appfl)ximatdy I 1111.. add 10 mL of hexan~. and
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concentrate back down to 1 mL. The extract must be cool before the
macro Snyder assembly is removed.

11.7.1.1.6. Note: It is very important not to concentrate to dryness as analytes
will be lost.

11.7.1.1.7. Remove the K.D apparatus from the water bath and allow to cool for a
minimum of 10 minutes. If the level of the extract is above the level
of the concentrator tube joint, continue to distill the solyent as
necessary. Again, allow the KD flask to cool for a minimum of 10
minutes.

11.7.1.1.8. If the final volume is 5 or 10 mL the extract may be made up to
volume in the graduated KD tube or transferred to a 12 mL vial
previously marked at the appropriate volume level. Document the
final volume. Otherwise proceed to section 11.7.2

11.7.1.2. Alternative QES Concentration Method:

This concentration method uses a hot water jacketed concenrrator tube
(jCT) instead ofthe hot .mTer hath and concentrator tube used in Section
11.7.1.1. The consTrucTion ofthe jacketed concentrator tube reduces the
tendency ofthe extract 10 eraporate to dryness. Thus. low boiling analytes
are retained in the exlrt./CI beller with less analyst monitoring ofthe
concentration process.

11. -.1.2.1. Assemble the jacketed concentrator tube. KD body and hot water
hoses. Add 1 mL ofexchange solvent (ifneeded) and one large. clean
boiling chip.

NOTE: The hoilinf; chips used in the jacketed concenrrator tube must
be large enough to prevenr IhemfaIling down into the lip ofthejCT
Ifthe boiling chip is nOT in the proper position. the exlraCI ma.v
superheat and bump \'if;orousZv ifthe extract solvenl lI"(lrms up
slowly.

11. "".1.1.2. Pour the extracl to he wncentraled infO the KD flask. and auach a
[hree-hall Sm-der colu171n.

11. "7)',2.3. Turn on [he hor fYf) (.J \raterflou'lO the jacketed cOl1cemrator lUhe.

11. -.1.::.-1. Concenlrale [0 1 m/ Illhe dererminati ....e method re£luin:s (( solvenT
excJu.mge. add Ihe £If'f!1'()!n-iale exchange soh-ent f5-1fJ 1111 hexane. 1
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mL acetonitrile, 4 mL acetonelhexane) to the top ofthe Snyder
column. Continue to concentrate until the Snyder column balls stop
chattering.

II. 7.1. 2. 5. Cool the jacketed concentrator tube until it is cold to the touch.

11.7.1.2.6. Quantitatively transfer the extract and dilute to final volume, or
continue concentration with nitrogen evaporation (section II. 7.2).

11.7.2. Nitrogen Evaporation to Final Concentration

11.7.2.1. Place the concentrator tube in a wann water bath that is at least SoC below
the boiling temperature of the solvent being evaporated and evaporate the
solvent using a gentle stream of nitrogen. The nitrogen flow will fonn a
slight depression on the surface of the solvent, but should not create
splattering of the extract.

Boiling points ofcommonly used solvents are:
Methylene chloride 400 e
Acetone 56°e
Hexane 69°e
Acetonitrile 8loe
Toluene lll°e

11.7.2.2. Evaporate the extract to below the final mlume line. using the
concentrator tube calibration line as a guide: and remove the CTfrom the
lFClter bath. Rinse the sides o.lthe concentrator tuhe with the extract, using
a pipet. and transfer the extract to the appropriate storage vial. Add a
small amount ofthe appropriate solvent to the concentrator tube and rinse
again. Bring the extract to final mil/me with the solvent rinse. llsing a
measured vialfor side-h.v-side comparison.

Note: It is very important not to concentrat~ to dryness as analytes will be
10s1.

11.7.2.3. An alternative technique is to follo\-\' the previous steps concentrating the
solvent to slightly below the requir~d final volume and then drawing the
extract into a syring~. Rinse th~ evaporation tube with a small amount of
soh'ent and draw additional soh'em into the syringe to make up th~

accurate final volum~.

11.7.2.4, . Note: Th~ tinal concentration ;.mJ \'()Ium~ m~asurement steps are critical.
·-)'trse care when conc~ntrating and mak~ c~rtain that th~ final volume

measurement is accurate.
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11.7.3.1. Turn on the Turbovap and adjust the water temperattrre to 5-IO°C less than
the boiling point of the solvent to be evaporated.

11.7.3.2. Switch all endpoint sensors to the "NO" position.

11.7.3.3. Adjust the water bath level

11.7.3.4. Adjust the nitrogen gas pressure to approximately 12 psi.

11.7.3.5. Transfer the extract into the Turbovap tube and load into the Turbovap. Do
not fill the Turbovap tubes over approximately 3/4 full.

11.7.3.6. Reset the sensor and close the lid.

11.7.3.7. Note: If the extract splashes when the nitrogen flow starts, reduce the
nitrogen flow or transfer a portion of the extract back into the original
extract container.

I 1.7.3.8. As the extract concentrates. transfer the remainder of the extract into the
appropriate Turbovap tube. After all of the extract has been transferred.
rinse the flask with a few mL of methylene chloride and add to the
Turbovap tube.

I 1.7.3.9. During the concentration rinse the Turbovap tube walls with a few mL of
solvent I or 2 times.

11.7.3. 10. Concentrate the extract to slightly less than the required final volume.

I 1.7.3.11. If solvent exchange is required. concentrate to 1-4 mL and add 50 mL of
the exchange solvent. Concentrate hack down to the appropriate volume.
Refer to table 2 for details of exchange solvents and final volumes.

11.7.3.12. Transfer the concentrated extract to \"olumetric glassware for adjustment of
final volume. using a small amount of soh"ent to rinse the tube and
complete the transfer.

Note: Water contamination from condensation during concentration is not
acceptable. If water is present. rcmo\"t: the Turbovap tube and filter the
extract through sodium sulbte. Transkr to a clean Turbovap tuhe and

.'.~ontinue the concentration.
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Note 2: Dark, opaque or turbid samples may not concentrate. If this occurs,
set the concentrator sensor to dryness and supervise the entire concentration
procedure.
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11.8, Cleanup Tecbniques

The following techniques may be used to remove interfering pe~. and lor to remove
materials that may cause column deterioration and! or loss of detector sensitivity.
Gel Permeation Chromatography (Section 11.8.1) is a generally applicable technique
which can be used to prepare extracts for Semivolatiles (8270), PAH (8100) and

pesticides (8080) analysis. It is capable of separating high molecular weight material
from the sample analyles, and so is particularly useful if tissue or vegetable maner is
part of the sample, and for many soil samples.

Florisil column cleanup (Section 11.8.2) is panicularly useful for cleanup of
pesticides for analysis by method 8080 and should normally be applied to these
samples unless the matrix is clean. It separates compoWlds with a different polarity
from the target analytes.

Gel Permeation Chromatography and Florisil colwnn cleanup may both be applied to
samples for analysis by method 8080. In this case the GPC should be performed fi"it.

Sulfur c:leanup (Section 11.8.3) is generally applied to samples for analysis by method
8080, since the Electron Capture Detector responds strongly to sulfur. It is perfonned
after GPC and Florisil cleanup.

Sulfuric acid cleanup (Section 11.8.4) is applied [0 samples requiring analysis for
Polychlorinated Biphenyls (PCBs) only. Most organic maner is destroyed by the
sulfuric acid.

.-Icid Buse Parlilion Cleanup (Section 11.8.5) is useful for separating organic acids
and phenols from basic and neutral organics.

5iiliClJ gel cleanup (Section 11.8.6) may be used to separate polynuclear aromatic
hydrocarbons from interfering aliphatic hydrocaroons prior to analysis by GCIFID.

11.8.1. Gel Permeation Chromatography (GPC)

Note: GPC systems include the GPC Autopn:p \lodel 1002A or 1002B
Analytical Biochemical Laboratories. Inc .. Z~ mark Benchmate, or equivalent.

11.8.1.1. GPC Column Preparation

11.8.1.1.1. Weigh out 70 g of Bio Beads (SX-.;) illll) a ..JOO-ml beaker.

11.811.1. Add approximately 300 ml. l,f mcth~ kn(: chloride and stir gently.
, '
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11.8.1.1.3. Cover with aluminum foil and allow the beads to swell for a
minimum of two hours. Maintain enough solvent to sufficiently cover
the beads at all times.

11.8.1.1.4. Position and tighten the outlet bed support (top) plunger assembly in
the tube by inserting the plunger and turning it clockwise until snug.
Install the plunger near the column end but no closer than 5 cm
(measured from the gel packing to the collar).

11.8.1.1.5. Turn the column upside down from its normal position with the open
end up. Place the tubing from the top plunger assembly into a waste
beaker below the column.

11.8.1.1.6. Swirl the bead/solvent slurry to get a homogeneous mixture and pour
the mixture into the open end of the column. Transfer as much as
possible with one continuous pour trying to minimize bubble
formation. Pour enough to fill the column. Wait for the excess
solvent to drain out before pouring in the rest. Add additional
methylene chloride to transfer the remaining beads and to rinse the
beaker and the sides of the column. If the top of the gel begins to
look dry, add more methylene chloride to rewet the beads.

11.8.1.1.7. Wipe any remaining beads and solvent from the inner walls of the
column with a laboratory tissue. Lo,sen the seal slightly on the other
plunger assembly (long plunger) and insert it into the column. Make
the seal just tight enough so that any beads on the glass surface will be
pushed forward. but loose enough so that the plunger can be pushed
forward.

CAUTION: Donot tighten the seal if beads are between the seal
and the glass surface because this can damage the seal and cause
leakage.

11.8.1.1.8. Push the plunger until it meets the gel. then compress the column bed
about 4 cm.

11.8.1. I.9. Conne,ct the column inlet to the sohent reservoir and place the
column outlet tube in a waste container. Pump methylene chloride
through the column at a rate of 5 ml. :min. for one hour.

I 1.8.1.1.1 a.After washing the column for at least (lnt: houL connect the column
outlet tube to the inlet side of the (:V detector. Ctmnect the system
outlet to the outlet side of the lJV detector. Placing a restrictor (made
from a piece of capillary tubing Ilf I 1(,"()[) :\. 10 I(lOO·oID :\. 2") in the
outlet tube from the UV detector \\ ill rn:n:nt buhhk tom1ation which
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causes a noisy UV baseline. The restrictor will not effect the flow
rate. After pumping methylene chloride through the column for an
additional 1-2 hours, adjust the inlet bed support plunger until
approximately 6-10 psi back-pressure is achieved. Push the plunger
in to increase pressure or slowly pull outward to reduce pressure.

11.8.1.1.11.When the GPC column is not to be used for several days, connect the
column inlet and outlet lines to prevent column drying and/or
channeling. If channeling occurs, the gel must be removed from the
column, re-swelled, and re-poured as described above. If drying
occurs, pump methylene chloride through the column until the
observed column pressure is constant and the column appears wet.
Always recalibrate after column drying has occurred to verify that
retention volumes have not changed.

11.8.1.2. Initial Calibration of the GPC Column

11.8.1.2.1. Before use, the GPC must be calibrated based on monitoring the
elution of standards with a UV detector connected to the GPC
column.

11.8.1.2.2. Pump solvent through the GPC column for 2 hours. Verify that the
flow rate is 4.5-5.5 mL/min. Corrective action must be taken if the
flow rate is outside this range. Record the column pressure (should be
6-10 psi) and room temperature (22°C is ideal).

Note: Changes in pressure. solvent flow rate. and temperature
conditions can affect analyte retention times and must be monitored.
If the flow rate and/or column pressure do not fall within the above
ranges, a new column should be prepared.

11.8.1.2.3. Inject the calibration solution and retain a UV trace that meets the
following requirements (See resolution calculation in section
11.8.1.6):

• Peaks must be observed and should be symmetrical for all
compounds in the calibration solution.

• Com oil and phthalate peaks must exhibit >85°~ resolution.
• Phthalate and methoxychlor peaks must exhibit >85% resolution.
• Methoxychlor and perylene peaks must exhibit >85% resolution.
• Perylene and sulfur peaks must not be saturated and must exhibit

>90~/o baseline resolutit1l1.

I 1.8.1.2.4. A UV trace that does not me~t th~ ~riteria in paragraph 11.8.1.2.3
indicates the need for syst~m maintenance and/or the need for a new
column.
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11.8.1.2.5. Determine appropriate collect and dump cycles.

11.8.1.2.6. The calibrated GPC program for pesticideslPCB should dump >85%
of the phthalate and should collect >95% ofthe methoxychlor and
perylene. Use a wash time of 10 minutes.

11.8.1.2.7. For semivolatile extracts, initiate a column eluate collection just
before the elution ofbis (2-ethylhexyl) phthalate and after the elution
ofthe com oil. Stop eluate collection shortly after the elution of
perylene. Stop collection before sulfur elutes. Use a wash time of 10
minutes after the elution of sulfur.

11.8.1.2.8. Reinject the calibration solution after appropriate dump and collect
cycles have been set.

11.8.1.2.9. Measure and record the volume of collected GPC eluate in a
graduated cylinder.

11.8.1.2.10.The retention times for both bis(2-ethylhexyl) phthalate and perylene
must not vary more than +/- 5% between calibrations.

11.8.l'.3. GPC calibration check

Check the calibration of the GPC immediately after the initial calibration
and at least every 7 days thereafter. while the column is in use.

11.8. 1.3.1. Inject the calibration solution. and obtain a UV trace. If the retention
times ofbis(2-ethylhexyl)phthalate or perylene have changed by more
than + 5% use this run as the start of a new initial calibration.
Otherwise. proceed with the recovery check. Excessive retention time
shifts may be caused by poor laboratory temperature control or system
leaks. an unstabilized column. or high laboratory temperature causing
outgassing of methylene chloride. Pump methylene chloride through
the system and check the retention times each day until stabilized.

I 1.8. 1.4. GPC Recovery Check for Pesticides'! PCBs

I 1.8.1.4.1. The recovery from the GPC must be \"eri fied immediatdy after the
initial calibration and at least every 7 days. when the instrument is in
use. T\,\'o reco\·ery check solutions arc used. Th~ first mixture is
prepared by diluting 1.0 mL of the pesticide matrix spiking solution
(Table 6) to 10 mL in methylene chloride. The second mixture is
prepared by diluting I mL of the PCB only matrix spiking solution
(Table 6) to 10 mL with methylene (hloridc.
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11.8.1.4.2. Load the pesticide matrix spike mixture, the PCB mixture, and a
methylene chloride blank onto the GPC using the GC dump and
collect values.

Note: If the analysis is for PCBs only, then the pesticide recovery
check is not necessary.

11.8.1.4.3. After collecting the GPC calibration check fraction, concentrate,
solvent exchanging to hexane. Adjust the final volume to 5.0 mL, and
analyze by GCIEC. Refer to concentration, section 11.7.

11.8.1.4.4. The methylene chloride blank may not exceed more than one half the
reporting limit ofany analyte. And if the recovery of each of the
single component analytes is 80-110% and if the Aroclor pattern is
the same as previously run standards. then the analyst may use the
column. If the above criteria are not met, there may be a need for
system maintenance.

11.8.1.5. GPC Recovery Check for Semivolatiles

11.8.1.5.1. The recovery from the GPC must be verified immediately after the
initial calibration and at least every 7 days, when the instrument is in
use. Dilute 1.0 mL of the semivolatiles matrix spiking solution (Table
6) to 10 mL in methylene chloride.

11.8.1.5.2. Load the matrix spike mixture and a methylene chloride blank onto
the GPC using the semivolatiles dump and collect values.

11.8.1.5.3. After collecting the GPc; recovery check fraction, concentrate to 0.5
mL, and analyze by GCIMS. Refer to the concentration section 11.7.

11.8.1.5.4. Recovery of the matrix spike analytes should be at least 85%. The
blank should not contain any analytes at or above the reporting limit.
[fthese conditions are met the column may be used for sample
analysis. Otherwise correct the contamination problem. or extend the
collect time to improve recovery of target analytes.

11.8.1.6. Sample Extract Cleanup

11.8.1.6.1. Reduce the sample extract volum~ to 1-2 mL then adjust to 10 mL
with methylene chloride prior to cleanup. This reduces the amount of

'"....'~, acetone in the extract. Refer to section I 1.7.
10"-

II K] .6.2. Start the pump and let the no\-" stahilize for 2 hours. The sol"ent now
rate should he -+.5-5.:' mLimin. ThL' idLoal laoorator: h:mperature to
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prevent outgassing of the methylene chloride is 22°C. The nonnal
backpressure is 6-10 psi.

11.8.1.6.3. In order to prevent overloading of the GPC coltiInn, highly viscous
sample extracts must be diluted prior to cleanup. Any sample extract
with a viscosity greater than that of a 1:1 glycerol:water solution (by
visual comparison) must be diluted and 10,aded into several loops.

11.8.1.6.4. Samples being loaded onto the GPC should be filtered with a 5
micron (or less) filter disk. Attach a filter to a 10 mL Luerlok syringe
and filter the 10 mL sample extract into the sample tube.

Note: The Zymark Benchmate automatically filters the sample
extracts. but manual prefiltration of very dirty extracts may be
necessary.

I 1.8.1.6.5. Load the filtered (or unfiltered if using the Benchmate) samples into
the proper sample tubes and place on the GPc.

Note: For the GPC Autoprep Model1002A, wash the loading port
with methylene chloride after loading each sample loop in order to
minimize cross contamination. This step is automated on the GPC
Autoprep 1002B and on the Benchmate.

I 1.8.1.6.6. Set the collect. dump, and wash times determined by the calibration
procedure.

11.8.1.6.7. Switch to the run mode and start the automated sequence. Process
each sample using the collect and dump cycle times established by the
calibration procedure.

11.8. I.6.8. Collect each sample in a suitable glass container. Monitor sample
volumes collected.

11.8.1.6.9. Any samples that were loaded into 2 or more positions must be
recombined.

11.8.1.6.10.Concentrate semivolatile sample extracts t~) 0.5 mL in methylene
chloride. Refer to the concentration sect ion 11.7.

II.8.1.6.II.Solvent exchange pesticide/PCB sample extracts. into ht.:xane and
concentrate to 5.0 mL Refer to the concentrJti~m sectiun 11.7.

,>..

II .X.!. 7.. Calculations

I UU.7.1. Resolution
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To calculate the resolution between two peaks on a chromatograph,
divide the depth of the valley between the peaks by the peak height of
the smaller peak being resolved and multiply by. 100.

Resolution Calculation

Height

Time

% Resolution = A x 100
B

Where: A = depth of 'valley to height of smaller peak

B = peak height of smaller peak

11.8.] .7.2. Dump Time

Mark on the chromatograph the point where collection is to begin.
Measure the distance from the injection point. Divide the distance by
the chart speed. Alternatively the collect and dump times may be
measured by means of an integrator or data system.

Distance (cm) from injection to collection start
Dump time (min) =

Chart speed (cm I min)

11.8.1.7.3. Collection Time

Collection time (min) =

/"..,

Distance (em) hetween collection start and stop

Chart speed (cm; min)
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Note 1: Systems for eluting multiple cleanup cartridges include the Supelco~

Inc. Solid Phase Extraction (SPE) assembly, Zymark Benchmate, or equivalent.

Note 2: Follow the lab specific procedure when using the Zymark benchmate.

11.8.2.1. Before Florisil cleanup sample volume must be reduced to 10 mL (5 mL if
GPC cleanup was used) and the solvent must be hexane. Refer to Section
11.7 for details ofconcentration.

I 1.8.2.2. Attach a vacuum manifold to a vacuum pump or water aspirator with a trap
installed between the manifold and the vacuum. Adjust the vacuum in the
manifold to 5-10 psi.

11.8.2.3. Place one Florisil cartridge into the vacuum manifold for each sample
extract. Prior to cleanup of samples~pre-elute each cartridge with 5 mL of
hexane/acetone (9: I). Adjust the vacuum applied to each cartridge so that
the flow through each cartridge is approximately 2 mLimin. Do not allow
the cartridges to go dry.

11.8.2.4. Just before the cartridges go dry, release the vacuum to the manifold and
remove the manifold top.

11.8.2.5. Place a rack of clean labeled 12 mL concentrator tubes into the manifold
and replace the manifold top. Make sure that the solvent line from each
cartridge is placed inside the appropriate tube.

11.8.2.6. A.fter the clean tubes are in place, vacuum to the manifold is restored and
::.0 mL of the extract is added to the appropriate Florisil cartridge.

11.8.2.7. The pesticides/aroclors in the extract concentrates are then eluted through
the column with 8 mL of hexane/acetone (90:10) and are collected into the
10 mL culture tube or concentrator tube held in the rack inside the vacuum
manifold.

11.&.2.8. Transfer the extract to a graduated concentrator tune and com:entrate the
extract to :: mL. Refer to the concentration section. ( I I .7)

,>.,

'-"'()Ie I: .-\ cartridge performance standard must he run \\ith each lot ~)f

FI()ri si I c:.lftridges.
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Note 2: Florisil cartridge perfonnance check-every lot number of Florisil
must be tested before use. Add 0.5 uglmL of2,4,5-trichlorophenol solution
and 0.5 mL of GC Standard Mix A (midpoint conceIltration) to 4 mL
hexane. Reduce volume to 0.5 mL. Add the concentrate to a pre-washed
Florisil cartridge and elute with 9 mL hexane/acetone [(90:10)(v/v)]. Rinse.
cartridge \vith 1.0 mL hexane two additional times. Concentrate eluate to
1.0 mL final volume and transfer to vial. Analyze the solution by GCIEC.
The test sample must show 80 to 120% recovery of all pesticide analytes
""ith <5% trichlorophenol recovery, and no peaks interfering with target
compounds can be detected. This standard has a lifetime of six months.
Alternatively, this standard may be purchased as a stock solution.
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11.8.3.1. Sulfur can be removed by one of three methods: mercury, copper, or
tetrabutylammonium sulfite (TBA) according to laboratory preference. If
the sulfur concentration is such that crystallization occurs in the
concentrated extract, centrifuge the extract to settle the crystals, and
carefully draw off the sample extract with a disposable pipet, leaving the
excess sulfur in the centrifuge tube. Transfer the extract to a clean
concentrator tube before proceeding with further sulfur cleanup.

n .8.3.2. Sulfur Removal with Elemental Mercury

Note: Use Mercury sparingly in order to minimize exposure and disposal
costs.

11.8.3.2. I. Transfer 2 mL of sample extract into a clean concentrator tube or
Teflon sealed vial.

11.8.3.2.2. Add one to three drops of mercury to the extract vial and seal.

I 1.8.3.2.3. Shake well for 15-30 seconds. If prolonged shaking is required, use a
mechanical shaker.

I I.8.3.2 ....L Remove the extract from the mercury using a disposable pipet and
transfer to a clean vial.

I 1.8.3.2.5. If black precipitate forms. sulfur was present. Shake again. then
centrifuge. After centrifugation. transfer the supernate to a clean test
tube and repeat. Do this until relatively little precipitate remains. or
the screens indicate that cleanup is complete.

I 1.8.3.2.6. Properly dispose of the mercury waste.

I 1.8.3.3. Sulfur Removal with Copper

I 1.8.3.3.1. Transter 1.0 mL of sample extract into a centrifuge or wncentrator
tube.

) I.X ..~.3.2. Add approximately 2 g of cleaned copper po\.vdcr (Sel: 7.1.15A for
copper cleaning procedure) to the sample extract tuhe.

-C-, 1'.
I I .X ..~.\~. \Ii\. for one minute on a mechanical shaker.
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11.8.3.3.4. If the copper changes color, sulfur was present. Repeat the sulfur
removal procedure until the copper remains shiny.

11.8.3.3.5. Transfer the supernate to a clean vial.

11.8.3.4. Sulfur Removal with Tetrabutylammonium (TBA) Sulfite Reagent

11.8.3.4.1. Transfer 1.0 mL ofsample extract into a culture tube.

11.8.3.4.2. Add 1.0 mL TBA sulfite reagent and 2 mL 2-propanol to the sample
extract. Cap and shake for 1 minute. If clear crystals (precipitated
sodium sulfite) form, sufficient sodium sulfite is present.

11.8.3.4.3. If a precipitate does not form, add sodium sulfite in approximately 0.1
g portions until a solid residue remains after repeated shaking.

11.8.3.4.4. Add 5 mL organic free reagent water and shake for 1 minute. Allow
sample to stand for 5-10 minutes. (Centrifuge if necessary to separate
the layers). Transfer the sample extract (top layer) to a vial. The final
volume is defined as 1.0 mL in section 11.8.3.4.1.
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11.8.4.1. Add approximately 2-5 mL of concentrated sulfuric acid to 2 mL of sample
extract in a Teflon capped via1.

Caution: There must be no water present in the extract or the reaction may
shaner the sample container.

11.8.4.2. v·ortex until sample and acid are thoroughly mixed and allow to settle.
(Centrifuge ifnecessary)

11.8.4.3. Remove the sample extract (top layer) from the acid using a Pasteur pipet
and transfer to a clean vial. CAUTION: It is not necessary to remove all
the extract since the final volume is already determined. Transter of small
amounts of sulfuric acid along with the extract will result in extremely
rapid degradation of the chromatographic column.

11.8.4.4. If the sulfuric acid layer becomes highly colored after shaking \"ith the
sample extract, transfer the hexane extract to a clean vial and repeat the
cleanup procedure until color is no longer being removed by the acid, or a
maximum of 5 acid cleanups.

11.8.4.5. Properly dispose of the acid waste.
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11.8.5.1. Place 10 mL ofthe solvent extract from a prior extraction procedure into a
125 mL separatory funnel.

11.8.5.2. Add 20 mL ofmethylene chloride to the separatory funnel.

11.8.5.3. Slowly add 20 mL ofDI water which has been previously adjusted to a pH
of 12 to 13 with ION sodium hydroxide.

11.8.5.4. Seal and shake the separatory funnel for at least !VoiO minutes with periodic
venting to release excess pressure.

CAUTION: Methylene chloride creates excessive pressure very rapidly.
Initial venting should be done immediately after the separatory funnel has
been sealed.

11.8.5.5. Allow the organic layer to separate from the aqueous phase for a minimum
of ten minutes.

11.8.5.6. If an emulsion interface between layers is more than one-third the size of
the solvent layer, the analyst must employ mechanical techniques to
complete the phase separation. The optimum technique depends upon the
sample, and may include stirring. filtration of the emulsion through glass
wool, centrifugation. or other physical methods.

11.8.5.7. Separate the aqueous phase and transfer it to a 125 mL Erlenmeyer flask.
Repeat the extraction two more times using fresh 20 mL aliquots of dilute
sodium hydroxide (pH 12-13). Combine the aqueous extracts.

11.8.5.8. Water soluble organic acids and phenols will be primarily in the aqueous
phase. Base/neutral analytes will be in the methylene chloride. If the
analytes of interest are only in the aqueous phase discard the methylene
chloride and proceed to Section 11.8.5.9. If the analy1eS of interest are only
in the methylene chloride. discard the aqueous phase and proceed to
Section 11.8.5.11.

11.8.5.9. Adjust the aqueous phase to a pH of 1-2 with sulfuric acid (I: Il. Alhl\\ to
cool and transfer the cool aqueous phase to a clean 125 mL separatory
funnel.

,>.

11.8.5.10. \."Jd 20 m1. of ITlcth) lene chloride to the separatory funnel and shake tllr at
least t\\P minute:,. Allo\\ the methyene chloride to separate fwm the
aquc:ous phase anJ C\lllc:ct the methylene chloride in an Erlenmeyer l:a:--1\..
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Repeat the extraction two more times using fresh methylene chloride and
extracting at pH 1-2. Combine the three extracts.

11.8.5.11. Dry the extract by passing through a funnel containing 10-20 g anhydrous
sodium sulfate. Rinse the funnel with an additional 20-30 mL of clean
methylene chloride

11.8.5.12. Cover with aluminum foil if the extract is not concentrated immediately.
Refer to section 11.7 for concentration.

11.8.5.13. Dispose of solvent and water remaining in the separatory funnel inte [he
appropriate \-vaste container.
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11.8.6. Silica Gel Cleanup

This procedure is appropriate for cleanup of extracts prior to determination of
polynuclear aromatic hydrocarbons by GCIFID.

11.8.6.1. Exchange the extract solvent to cyclohexane and reduce the volume to 2
mL prior to cleanup.

11.8.6.2. Prepare a slurry of approximately 109 of activated silica gel in about 15
mL of methylene chloride. Place this into a 10 mm ID chromatographic
column. Tap the column to senle the silica gel. Add 1-2 cm of anhydrous
sodium sulfate to the top of the silica gel.

11.8.6.3. Preelute the column -with 40 mL of pentane. Elution rate should be
approximately 2 mLimin. Discard the eluate and just prior to exposure of
the sodium sulfate to air, transfer the 2 mL cyclohexane sample extract
onto the column using an additional 2 mL of cyclohexane to complete the
transfer. Just prior to exposure of the sodium sulfate layer to the air. add
25 mL of pentane and continue the elution of the column. Discard this
pentane elute.

11.8.6.4. Elute the column with 25 mL of methylene chloride/pentane (2:3 ViV).

Since the polynuclear aromatic hydrocarbons elute in this fraction, collect
the eluate and concentrate to the required volume.
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12. DATA ANALYSIS AND CALCULATIONS

Not applicable

13. METHOD PERFORMANCE
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13.1. Method detection limit

Each laboratory must generate a valid method detection limit for each analyte of
interest. The procedure for the determination of the method detection limit is given in
Quanterra QA Policy #: QA-005

13.2. Initial demonstration

Each laboratory must make an initial demonstration ofcapability for each individual
method. This requires analysis of four QC Check samples. The QC check sample is a
well characterized laboratory generated sample used to monitor method performance,
which should contain all the analytes of interest. The spiking level should be
equivalent to a mid level calibration. (For certain tests more than one set ofQC check
samples may be necessary in order to demonstrate capability for the full analyte list.)

13.2.1. Four aliquots of the QC check sample are analyzed using the same procedures
used to analyze samples. including sample preparation.

13.2.2. Calculations and acceptance criteria for the QC check samples are given in the
determinative SOPs. (CORP-GC-0001, CORP-MS-OOOL 0002)

13.3. Training Qualification

The group/team leader has the responsibility to ensure that this procedure is
performed by an analyst who has been properly trained in its use and has the required
expenence.

14. POLLUTION PREVENTION

Within the constraints offolloviing the methodology in this SOP. use of organic solvents
should be minimized.

15. WASTE MANAGEMENT

Waste generated in this procedure will be segregated. and disposed according to the
facility hazardous waste procedures. The f fealth and Safdy Director should be contacted
if additional information is required.

15.1. Solvent waste must be dispo:,eJ (If in the clearly labeled waste cans.

.,»;..

15.2. Acid waste must be collected in the ckarly labeled acid waste containers.
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- 15.3. Solid materials (soil, gloves, soiled paper products) are placed in the solid debris
container. Do not put liquids in the solid waste container.

15.4. Methylene chloride saturated water and remaining sample after the extraction is
dumped into Methylene chloride waste cans.

16. REFERENCES

Test Methods for Evaluating Solid Waste, Physical/Chemical Methods, SW846, 3rd
Edition, Final Update II (September 1994). Sections 3500A, 351 OB, 3520B, 3540B,
3550A, 3600B, 3610A, 3620A, 3640A, 3650A, and 3660A.

17. MISCELLANEOUS

17.1. Modifications from Reference method

17.1.1. Some surrogate spiking concentrations are modified from those recommended
in SW-846, in order to make the concentrations more consistent Vvith the
calibration levels in the determinative methods.

17.1.2. In the CLLE procedure the same solvent is used for the acid and base neutral
extractions.

17.1.3. Spiking levels for method 608 have been reduced by a factor of ten to bring the
levels within the normal calibration range of the instnunent.

17.1.4. 109 of soil is used for pH determination. rather than the 50 g suggested in the
reference method. The volume of water is also adjusted to maintain the sample /
\-vater ratio specified in the method.

17.2. Modifications from previous revision

17.2.1. Sonicator tuning directions have been changed

17.2.2. Use of phase separation tilter paper is not recommended. since organic solvents
may leach siloxanes from the tilter paper.

17.2.3. The quantity of sulfuric acid used in sulfuric acid cleanup has been reduced.

17.2.4. A.llowance for different tinal soh-ems tor organophosphorous pesticides has
been added.

17.2.5. Some typographical errors ha\e hecn corrected.
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17.3.1. Each facility shall attach a list of facility specific SOPs or approved attachments
(if applicable) which are required to implement this SOPor which are used in
conjunction with this SOP. Ifno facility specific SOPs or amendments are to be
attached. a statement must be attached specifying that there are none.

17.3. 2. Refer to the SOP change form on file in the North Canton Quality Assurance
Department.

17.3.3. Deviation from Revision 2: Section 11. 7. 2.2

The extract is not concentrated to its final volume in the concentrator tube. It is
transferred to the appropriate storage vial. brought up to volume with solvent
rinse from the concentrator tube. and visually checked against the measured
volume in another vial. A comparison study ofmeasured samples versus samples
bottled by visual comparison to a measured vial indicates no significant
difference between the analyte recoveries ofthe alternative procedures. Data
related to this study is available upon request in the Quality Assurance
department.

17.3. -+. A10dification from previous revision 2.2. dated 04/18/94

Addition of.vfethylene chloridefzrst to the extraction apparatus is due to a limitation
ofalmost all eIIE glassware. If the sample is added fir.r;t. then sample water
will fill the transfer tuhe which connects the hottom ofthe continuous extractor
body to the boiling flask. Il Alethylene chloride is now added. all the sample
water in the trasnfer tuhe will he pushed intot he boiling flask. This can cause
nonextractable sample components fO end up in fhe extract. If can also interfere
with the recovery ofpolar analytes (e.g. phenols. amines) since these analyres
may ··extract·· out (~l the solvent in the hoiling flask and hack into this
··misplaced·· sample water.
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Table 1
Liquid /Liquid Extraction Conditions

Detenninative Method Initial Ext. pH Secondary Ext. pH

BNA: 8270 11-12 1-2
625 11-12 1-2
PestIPCB: 8080 & 608 5-9 None
OPP: 8140 6-8 None
OPP: 8141 as received None
Hydrocarbons: 8015 as received None
PAH: 8310, 8100 & 610 as received None

NOTE: For traditional TeL 8270 list, an acid only extraction is performed.
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Final Volumes and Exchange Solvents if no cleanup is used

Type Exchange Solvent for Analysis Final Volume for Analysis

Semivolatiles N/A 1.0
Pesticides Hexane 10.0
PAH by HPLC Acetonitrile Refer to facility SOP for HPLC
PAHbyGC N/A 1.0
TPH N/A 1.0
OPP Toluene, hexane or isooctane 10.0

Final Volumes and exchange solvents ifGPC cleanup is used

Type Exchange Solvent for Final Volume for GPC Final Volume and
GPC solvent for Analysis

Semivolatiles CHzClz 1OmL' 0.5 mL CH~Clz

Pesticides CHzClz lOmL' 5 mL, hexane
OPP CHzClz 10mL 5mL

I Fmal volume for GPC may be 4 mL If a 2 mL sample loop IS used

Final volumes and exchange solvents if Florisil cleanup is used

Type Exchange Solvent Final Volume for Florisil Final Volume and solvent
for Florisil for Analysis

Pesticides Hexane 10 mL (2 mL aliquot used) 2 mL, hexane

Final volumes and exchange solvents if both G PC and Florisil cleanup are used

Type Exchange Final Exchange Final Volume Final volume for
Solvent for Volume for Sohent for for Florisil analysis
GPC GPC Florisil

Pesticides Methylene 10mL Hexane 5 ml (2 ml 2 mL hexane
Chloride aliquot used)

;\ote: Different tinal volumes may be necessary to meet special client reporting limit
req uirernents.

\:(lt~: If silica gel cleanup is pert<Jrmed. exchange Sl.lh ent to c:clohexan~-prior to cleanup.
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Table 3

Surrogate Spiking Solutions

Analyte Group Surrogate Spike
Solution ID Volume (rnL)

BNA 1001150 ppm BNA 0.5

Pest 0.2 ppm DCBffCX 1.0

PestIPCB 0.2 ppm DCBffCX 1.0

PCB 0.2 ppm DCBffCX 1.0

Table 4

Matrix Spike and LCS Solutions

Analyte Group Matrix Spike .
Solution ID Volume (rnL)

BNA 100il50 ppm BNA 0.5

BNA TCLP BNA TCLP Spike 1.0

BNA NPDES BNA NPDES Spike 1.0

Pest 0.210.5 ppm Pest 1.0

Pest TCLP Pest TCLP Spike 1.0

Pest NPDES Pest NPDES Spike 1.0

PestiPCB 0.5 ppm pest spike 1.0

PCB 10 ppm PCB Spike 1.0
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Table 5
Surrogate Spike Components

Cone.

Type Compounds Solvent (~g1mL)

BNA 2-Fluorobiphenyl Methanol 50

Nitrobenzene-d5 50

p-Terphenyl-d14 50

2-Fluorophenol 75

Phenol-d6 75

2,4,6-Tribromophenol 75

1,2-Diehlorobenzene-d4 50

2-Chlorophenol-d4 75

PestJPCB Deeaehlorobiphenyl Acetone 0.2

Tetrachloro-m-xylene 0.2

Table 6

Matrix Spike Components

! Cone.
Type ICompounds Soh'ent (p.g/mL)

TCl BI\.-\. Acenaphthene Methanol 50

4-Chloro-3-Methylphenol 75

2-Chlorophenol 75
I

I .-I.-Dichlorobenzene 50

2.-1.-Dinitrotoluene 50 -
4-\itrophenol 75

. " ~""'"\-\itr{'l:,o-Di-n-Propylamine 50

f\:ntachlorophenol 75
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Table 6

Matrix Spike Components

Cone.
Type Compounds Solvent (JlglmL)

Phenol 75

Pyrene 50

1.2A-Trichlorobenzene 50

BNA 1A-Dichlorobenzene Methanol 50

TCLP 2A-Dinitrotoluene 50

Hexachlorobenzene 50

Hexachlorobutadiene 50

Hexachloroethane 50

2-Methylphenol 50

3-Methylphenol 50

4-Methylphenol 50

Nitrobenzene 50

Pentachlorophenol 50

Pyridine 50

2.4,5-Trichlorophenol 50

I 2.4,6-Trichlorophenol 50

BNA Methanol
NPDES

.-\cenaphthene 50

:\cenaphthylene 50

I .\nthracene 50I
I Benzo( a)anthracene -
, 50

Ben.Z:9~?)£1uoranthene I 50
.' I

Iknzo( k) f1 uoranthene
,

! 50

Iknzo( a lpyrene
,
1 50! !
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Table 6

Matrix Spike Components

Cone.
Type Compounds Solvent

(~g1mL)

Benzo(ghi)perylene 50

Benzyl butyl phthalate 50

Bis(2-chloroethyl)ether 50

Bis(2-chloroethoxy)methane 50

Bis(2-ethylhexyl)phthalate 50

Bis(2-chloroisopropyl)ether 50

4-Bromophenyl phenyl ether 50

2-Chloronaphthalene 50

4-Chlorophenyl phenyl ether 50

Chrysene 50

Dibenzo(a.h )anthraeene 50

Di-n-butylphthalate 50

1.3-Diehlorobenzene 50

1.2-Dichlorobenzene 50

lA-Dichlorobenzene 50

3.3'-Dichlorobenzidine 50

Diethyl phthalate 50

Dimethyl phthalate 50

2.-J.-Dinitrotoluene 50

2.6-Dini tfOtoluene 50

Di-n-<.)cty Iphthalate 50

FIlIoranthen~ :'0 -

FllH\rt:n~ :'0,/"c'-
I-!c:\J.chl()rohenzene 50
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Table 6

Matrix Spike Components

Cone.
Type Compounds Solvent

(~g/mL)

Hexachlorobutadiene 50

Hexachloroethane 50

Indeno( 1,2,3-cd)pyrene 50

Isophorone 50

Naphthalene 50

Nitrobenzene 50

N-Nitrosodi-n-propylamine 50

Phenanthrene 50

Pyrene 50

1.2.4-TricWorobenzene 50

4-Chloro-3-methylphenol 50

2-Chlorophenol 50

2.4-Dichlorophenol 50
2.4-DimethylphenoI 50

2.4-Dinitrophenol 50

2-Methy·I-4.6-dinitrophenoI 50

2-N itrophenol 50

4-Nitrophenol 50

Pentachlorophenol 50

Phenol 50

2.4.6-Trichlorophenol 50
.

Pest Aldrin Acetone 0.2

gammac.HH(' (Lindane) 0.2- .-
4A'·DD r 0.5

I
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Table 6

Matrix Spike Components

Cone.
Type Compounds Solvent (J.lg/mL)

Dieldrin 0.5

Endrin 0.5

Heptachlor 0.2

Pest Heptachlor Acetone 0.5
TCLP

Heptachlor epoxide 0.5

Lindane 0.5

Endrin 0.5

Methoxychlor 1.0

Pest Aldrin Acetone 0.2
NPDES

alpha-SHC 0.2

beta-SHC 0.2

delta-SHC 0.2

gamma-SHC (Lindane) 0.2

4,4'-DDD 1.0

4.4'-DDE 0.2

4.4'-DDT 1.0

Dieldrin 0.2

alpha-Endosulfan 0.2

beta-Endt)sul fan 1.0

Endosulfan Sultar..: 1.0

Endrin 1.0
-

Heptacp)ur 0.2

Heptachlur Er(lxiJc I 0.2
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Table 6

Matrh: Spike Components

Cone.
Type Compounds Solvent

(~g!mL)

PCB only PCB 101611260 Acetone 10
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17.5 Flow diagrams

17.4.1. Separatory funnel extraction
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17.4.2. Continuous liquid/liquid extraction
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17.4.3. Sonication Extraction
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17.4.4. Soxhlet extraction
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17.4.5. Concentration and cleanup
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1. SCOPE AND APPLICATION

This method is applicable to the extraction of chlorinated herbicides in waters, solids,
oils, and TCLP extracts. Appropriate compounds for extraction by this method are listed
in CORP-GC-OOOI, Appendix D, Gas Chromatography ofPhenoxy Acid Herbicides
based on Method 8150B.

2. SUMMARY OF METHOD

This method is based on SW846 method 8150B. Aqueous samples are extracted into
diethyl ether by a separatory funnel extraction. Solids are extracted into diethyl ether by
shaking. Phenoxy acid herbicides in the extract are hydrolyzed with potassium hydroxide
and the aqueous solution is washed with diethyl ether to remove interferences. The
aqueous solution is then acidified and the herbicides are extracted "With diethyl ether. The
ether solution is dried and the herbicides are esterified using diazomethane. The final
volume is adjusted to prepare the extract for gas chromatography.

3. DEFINITIONS

Refer to section 3 of the main body of this SOP.

4. INTERFERENCES

Refer to section 4 of the main body of this SOP.

5. SAFETY

6.

5.1.

5.3.

5..f.

5.5.

6.1

Refer to section 5 of the main body this SOP for basic safety information.

DIAZOMETHANE is an extremely toxic gas with an explosion potential. Since the
explosion potential is catalyzed by imperfections in glass, generation of diazomethane
must be carried out in glassware free of scratches, cracks. chips and which does not
have ground glass joints. Solutions of diazomethane will be kept at temperatures
below 90°C. Diazomethane must b~ generated and handled in a fume hood.

Diethyl ether is extremely flammable

Diethyl ether must be free of pewxides as demonstrated by EM Quant test strips.

Concentrated potassium hydroxide solution is highly caustic.

EQUIPMENT AND SUPPLIES

Refer to$ection 6 of the main bod: t)fthis SOP for basic ~xtraction equipment and
supplies. Additional eljuipm~nt and :,upplics needed for this procedure are listed
bdow.



EXTRACTION PROCEDURE FOR CHLORINATED
ACID HERBICIDES BASED ON METHOD 8150B

6.2. Diazomethane generation apparatus

6.3. EM Peroxide test strips

7. REAGENTS AND STANDARDS
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7.1. Reagents are listed in Section 7 of the main body of this SOP. Additional Reagents
and standards needed for this procedure are listed below.

7.2. Reagents

7.2.1. Potassium hydroxide solution, 37% aqueous solution, (w/v): Dissolve 37 g of
potassium hydroxide pellets in reagent water and dilute to 100 mL. CAUTION:
Considerable heat \\-'i11 be generated.

7.2.2. Diazald, 99% purity

7.2.3. Sodiwn sulfate, Na2S0~, Anhydrous. granular. acidified: Heat sodiwn sulfate in
a shallow tray at 400°C for a minimum of 4 hours to remove phthalates and
other interfering organic substances. In a large beaker. acidify by slurrying
1000 g sodium sulfate with just enough diethyl ether to cover. Add 2-5 mL of
concentrated sulfuric acid and mix thoroughly. Place the mixture on a steam
bath in a hood to evaporate the ether. or allow the ether to evaporate overnight.
Larger or smaller batches of acidified sodium sulfate may be prepared using the
reagents in the same proportions.

7.2.4. Acidified 5% sodiwn sulfate solution

Add 50 g of sodium sulfate to one liter of reagent water. Add 10 mL of
concentrated H2S0~. (This reagent may he prepared in different quantities if the
proportions are kept the same).

7.2.5. Diethyl ether. reagent grade.

7.2.6. Methanol. reagent grade.

7.2.7. Silicic acid

7.3. Standards

7.3.1. Surrogate Standard

Sce::table A3.

7........ 2. ~Iatrix Spike and LCS standard
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8.

8.1.

9.

9.1.

10.

SAMPLE COLLECTION PRESERVATION AND STORAGE

Sample collection and storage is described in Section 8 of the main body of this SOP.

QUALITY CONTROL

Refer to Section 9 of the main body of this SOP for Quality control procedures.

CALIBRATION AND STANDARDIZATION

Not applicable

11. PROCEDURE

11.1. Preparation of soil, sediment and other solid samples

11.1.1. Weigh 50.0 g of moist solid sample into an 8 oz. glass jar. Use 50 g of sodium
sulfate for the Method Blank and LCS. Acidify the sample with 5 mL of
concentrated HCl.

11.1.2. There should be a small amollnt of liquid phase. If not, add reagent water
until there is. Stir well with a spatula. (Note: This is not necessary for the
method blank or LCS)

I 1.1.3. After 15 minutes, stir with a spatula and check the pH of the liquid phase. Add
more acid if necessary to bring the pH to <2. repeating the stirring and standing
time after each acid addition. (Note: The pH of the method blank and LCS is not
determined.)

I] .1.-+. Add 60 g of acidified sodium sulfat~ and mix \\·ell. The sample should be free
tlowing. If not. add more sodium sulfate.

I 1.1.5. Spike with 1.0 mL ofDCAA surrogate solution. Spike matrix spikes and LCS
with 1 mL of herbicide matrix spiking solutit1l1. (Refer to tables Al and .-\2 )

I 1.1.0. .-\dd 100 mL 20% acetone in ethyl ether.

.Vote: If dinoseb is a target. acetone sl1llulJ not he used. Instead. use! 00 mL of
ethyl ether.

11.1."7. \1i~\.:ontents on orbital shaker for 20 minutes. Decant extmct through glass
\\001 plugged funnel.
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11.1.8. Extract sample twice more, using 100 mL 20% acetone in ether (or 100% ether
if dinoseb is a target). After each addition shake for 10 minutes and decant the
extract.

11.1.9. Combine the extracts in a 1 or 2 liter separatoI)' funnel containing 250 mL of
acidified 5% sodium sulfate solution.

11.1.10. Check the pH of the extract. If it is not at or below pH 2, add more concentrated
HCI until stabilized at the desired pH. Gently mix the contents of the separatery
funnel for one minute to extract interferences into the aqueous layer. AIlo\.v the

layers to separate. Collect the aqueous phase in a clean beaker and the extract
phase in a 500 mL ground glass Erlenmeyer flask. Place the aqueous phase back
in the separatoI)' funnel and re-extract using 25 mL of diethyl ether. Allow the
layers to separate and discard the aqueous layer. Combine the ether extracts in
the 500 mL Erlenmeyer flask containing 5 mL of 37% potassium hydroxide.
Proceed to step 11.3. Hydrolysis.

11.2. Preparation of Aqueous Samples

11.2.1. Weigh the sample borrle and pour approximately' 1 liter (100 mL for TCLP
leachates) into a 2 liter separatory funnel. The sample should be decanted off
any sediment. Reweigh the bottle and record the sample volume on the
benchsheet. assuming a density of 1.0. Alternatively. measure 1 liter in a
graduated cylinder. If less than 1 liter was used. add reagent water to make the
volume up to 1 liter.

11.2.2. Adjust pH to 2 with I: I sulfuric acid. Spike with I ml of surrogate solution.
Spike MS/MSD and lCS samples with I ml of matrix spiking solution. (Refer
to Tables Al and A2). Add 150 mL dieth....r ether and shake funnel for 2
minutes with frequent venting to release excess pressure. Caution: Diethyl
ether will generate pressure rapidly. Vent the funnel immediately after it is first
sealed and inverted. and vent frequently thereafter.

11.2.3. Allow layers to separate for at least 10 minutes and drain the aqueous phase into
a ckan beaker. Ifan emulsion fonns break by centrifuge or mechanically.
e ollect the solvent extract (upper layer) in a 500 mi. Erlenmeyer containing 2
ml of 37% potassium hydroxide. Use 5 mL of potassium hydroxide for TelP
samples.

11.2A. Repeat the extraction two more times using 50 Ill!. of Jidhyl ether each time.
O>mbinc the extracts in the Erlenmever tlask. Rinse the beaker with each

~ ~ -
additional aliquot of extraction soh·em. Proceed to section 11.3. llydrolysis.
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11.3.1. Add one or two clean boiling chips, the sample extract, and 15 mL of water for
water samples (30 mL for soil samples) to the 500 mL flask. Attach a three-ball
Snyder column.

11.3.2. Place the apparatus on a hot water bath (approx 60°C) so that the bottom of the
flask is bathed with hot water vapor. Although the diethyl ether will evaporate
in about 15 minutes, continue heating fora total of 60 minutes), beginning from
the time the flask is placed in the water bath. Remove the apparatus and let
stand at room temperature for at least 10 minutes. Check the pH of the
solution. If not at or above 11, add additional KOH to bring the pH above 11
and hydrolyze for an additional 60 minutes.

11.4. Solvent Clean-up

11.4.1. Transfer the solution to an acid-rinsed 125 or 250 mL separatory funnel using 5
10 mL of reagent water to rinse out the flask. Wash the basic solution by
shaking for 1 minute with a 20 mL portion of diethyl ether. Drain the aqueous
(bottom) layer back into the flask and discard the ether layer. Pour the aqueous
layer back into the separatory funnel and repeat the wash with a second 20 mL
of ether. Pour the aqueous phase back into the separatory funnel. The
herbicides remain in the aqueous phase. Additional washes may be used if the
sample appears dirty.

11.5. Solvent Extraction

11.5.1. Acidi fy the contents of the separato!)' funnel to pH 2 by adding 1: 1 sulfuric
acid (2 mL for aqueous, 5 mL for soils). Test with pH indicator paper. Add 40
mL ether and shake vigorously for 1 minute. Drain and collect the aqueous
phase and pour the ether phase into a flask or bottle containing 5-7 g of acidified
sodium sulfate.

11.5.2. Pour the aqueous phase back into the separatory funnel and repeat the extraction
twice more with 20 mL aliquots of ether. comhining all solvent in the flask or
bottle. Allow the extract to remain in contact "" ith the sodium sulfate for at
least 2 hours.

NOTE: The drying step is ,,-ery critical to ensure wmplete.esterfication. Any
moisture remaining in the ether will result in Itm hcrhicide recoveries. The
allw,Y.nt of sodium sulfate is adequate if sOl11e fre-: tlowing crystals are visibk
wh~11"s\Viriingthe flask. Ifall the sodium slllt~lte s()liJities in a cake. add a few
additi~mal grams of sodium sulfate and again test hy s\\ irling. The ~ hour
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drying time is a minimum, however, the extracts may be held in contact \-vith the
sodium sulfate overnight.

11.6. Concentration

11.6.1. Transfer the ether extract by decanting, or through a funnel plugged \\-ith acid
washed glass wool, into a Turbovap concentrator tube or a 500 mL K-D flask
equipped with a 10 mL concentrator tube. Use a stirring rod to crush the caked
sodium sulfate during transfer. Rinse the Erlenmeyer with 20-30 mL ether to
complete transfer.

11.6.2. Attach a three ball Snyder column to the K-D apparatus, prewet the column with
a fev..· mL ofether from the top, and place the apparatus on a water bath at
Ipproximately 60°C. At the proper rate ofdistillation, the balls of the column
will chatter, but the chambers will not flood. When the apparent volume
reaches 2-5 mL, remove from the water bath and allow to completely cool.

11.6.3. Carefully disassemble the concentrator tube and rinse the lower glass joint \\-ith
a small amount ofdiethyl ether.

11.6.4. Add 0.1 mL of methanol.

11.6.5. The extract is now ready for esterification by either the diazomethane solution
method (11.7) or the bubbler method (11.8)

11.7. Esterification (diazomethane solution method)

11.7.1. Preparation of Diazomethane solution

• CAUTION: Diazomethane is potentially explosive.
• A temporary shield or the sash of the hood must protect the face and

body of the analyst.
• Never heat solutions of diazomethane above 90°C, due to the explosive

potential.
• Do not use glass stirring rods or any glassn'are ""'ith ground glass joints,

as this can initiate violent reaction or explosion.
• All glassware must be scrupulously cleaned and free from scratches, to

a\'oid potential initiation of violent reaction or explosion.

I 1."7.1.1. Weigh out 10.0 g potassium hydroxide in a 125 mL h~aker. .\dd 16 mL
t,\.ater and 20 mL ethanol. I'vIix well until the p(llassium hydroxide is

"'dissolved and pour into the r~action \essd.
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11.7.1.2. Attach a 100 mL receiving flask to the condenser and cool the receiver in
an ice bath.

11.7.1.3. Fill the condenser with dry ice, then add acetone slowly until the cold
finger is about one third full.

11.7.1.4. Mix 10.0 g diazald and 90 rn.L ether. Place in a separatory funnel over the
reaction vessel.

11.7.1.5. Wann the reaction vessel on the water bath to 50-60°C or until the ether
begins to reflux. CAUTION: Do not allow the temperature to exceed
70°C. Add diazald solution over a period of 40 minutes. The rate of
distillation should approximate the rate of addition. Replenish the cold
finger with dry ice as necessary.

11.7.1.6. When the diazald solution has been used up. slowly add 10 mL ofether and
continue distillation until the distillate is colorless.

11.7.1.7. The diazomethane solution is documented with a lot number. It is stored in
a freezer at -10 to -20°C and has an expiration date of six months.

11.7.2. Disposal of outdated diazomethane solutions

11.7.2.1. Add 20 mL of ether to 2 rnL ofglacial acetic acid in a large beaker in the
hood.

11.7.2.2. Add th~ diazomethane solution slowly to the acetic acid. The yellow' color
of the diazomethane disappears as it reacts with the acetic acid. If the
yellow color persists at any time during the addition, and does not
disappear \\ith gentle swirling of the beaker. add additional acetic acid in
ether before continuing the diazomethane addition.

11.7.2.3. Dispose of the ether solution in the non-chlorinated \vastes bottle.

11.8. Esterification (Diazomethane solution method)

11.8.1. Add approximately 2 mL of diazom~thanesolution and let ::iit for 10-15
minutes.

11.8.2. ;\1d;>,~pproximately 0.2 g of silicic acid to the extract. .\110\\ to spontaneously
L"\a}i<'lrate to ab\.)ut 1.0 mL. then make lip to 10 ml. \\ilh hL":\ane.

J IX~. I \tract j:-; n.:ady fN analysis h: gas chromatograph:.
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11.9. Esterification (Bubbler Method)

11.9.1. Assemble the diazomethane apparatus (Figure AI) in a hood. Add 10 mL of
diethyl ether to tube 1. Add 5 mL of2% methanolic KOH, 3 mL ofether and
0.5-1 g of diazald to tube 2.

11.9.2. Place the tip of the disposable pipet into the vial containing the first sample
extract. Apply nitrogen flow (approx. 10 mL/min) to bubble diazomethane
through the sample extract for about 1 minute, or until the yellow color persists.
Replace the disposable pipet and place the tip into the vial containing the second
extract. Continue until the diazald is consumed. (An additional 0.1-0.5 g
diazald may be added to extend the generation ofdiazomethane).

11.9.3. :~llow the extracts to stand for 20 minutes, then add approximately 0.2 g of
silicic acid to each extract. Allow to stand for an additional 20 minutes.

:"l ~

Glass Tubing /"

.-Rubber Stopper-.

IU U

COllection~ :::: ~....
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11.9.4. Adjust the volume to 10 mL \\tith hexane. The sample is now ready for gas
chromatography.

Nitrogen-..

Tube 1 Tube 2

,;o~.·.,,,, .

12. OAT. \ Y\.\tYSIS AND CALCeLATIO~S
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13. METHOD PERFORMANCE

Refer to CORP-GC-OOOI for details ofmethod performance.

14. POLLUTION PREVENTION

Refer to section 14 of the main body of this SOP.

15. WASTE MANAGEMENT

Refer to section 15 of the main body of this SOP.

16. REFERENCES

SOP No: CORP-oP-OOOINC
Revision No: 2.4
Revision Date: 10/16/98

Page 74 of95

16.1. SW846, Test Methods for Evaluating Solid Waste, Third Edition. Update II,
September 1994, Chlorinated Herbicides, Method 81508.

17. MISCELLANEOUS

17. I. Modifications from Reference Method

17.1.1. Directions to add sufficient reagent water to the soil sample so that the pH can
be measured have been added (Section 11.1.2)

17. I .2. Directions to add sodium sulfate to the soil sample until a free flovv'ing texture is
achieved have been added. In common with other SW-846 extraction
procedures, this improves the extraction efficiency. (Section 11.1.4)

17.1.3. For the soil extraction. the acetone and ether are added together rather than
separately. (Section 11.1.6)

17.1.4. The requirement for the sulfuric acid added in the soh'ent extraction to be cold
has been removed. Since a small quantity of acid is added to a large quantity of
extract. nothing is gained by having the acid cold. (Section I 1.5.1 )

17.1.5. Silicic acid is stored at room temperature.

17.1.6. The bubbler esterification method uses methanolic KOH in plac~ of the aqueous
KOH : carbitol mixture recommended in method 81508. Thi~ has been found
to pro\ide a more effective and reliable esteritication.

17.2. Modi tications from previous revisions

In tht: hydr.(.ll: sis proc.:dure. the extract is added to the potassium h: Jr\lxide solution
rather than\ isa versa.
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Table Al

Herbicide Surrogate Spiking Solutions

Surrogate Spike
Analy1e Group Solution ID Volume (mL)

Herbicides Herbicides SS 1.0

TableA2

Herbicide Matrix Spike and LCS Solutions

Analyte Group Matrix Spike
Solution ID Volume (mL)

Herbicides Herbicides MS 1.0

Table A3
Herbicide Surrogate Spike Components

Conc.

Type Compounds' Solvent (ug/mLl

Herbicides 55 2.4-DCAA Methanol 16

'The surrogate is spiked as the free acid
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Table A4

Herbicide Matrix Spike Components

Cone.
Type Compounds' Solvent (ugirnL)

Herbicides MS 2,4-D Methanol 16

2,4-DB 16

2,45-TP (Silvex) 4

Dalapon 8

2,4,5-T 4

IThe herbicide spiking solution contains the herbicides as the free acids.
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1. SCOPE AND APPLICATION

This method is applicable to the extraction of chlorinated herbicides in waters,
solids, oils, and TCLP extracts. Appropriate compounds for extraction by this
method are listed in CORP-GC-OOOl, Appendix D, Gas Chromatography of
Phenoxy Acid Herbicides based on Method 8151.

2. SUMMARY OF METHOD

This method is based on SW846 method 8151. Aqueous samples are hydrolyzed
if esters and acids are to be determined, then washed with methylene chloride by
a separatory funnel extraction. After acidifying the sample the free acids are
extracted into diethyl ether. Solids are extracted into methylene chloride/ acetone
by sonication. If esters and acids are to be determined, the extract is hydrolyzed
and extracted into diethyl ether. For both soils and aqueous samples, the free acid
herbicides in the ether extract are esterified. The final volume is adjusted to
prepare the extract for gas chromatography.

3. DEFINITIONS

Refer to section 3 of the main body of this SOP.

4. INTERFERENCES

Refer to section 4 of the main body of this SOP.

5. SAFETY

5.1.

- ")) ..;...

5.3.

5..+.

5.5.

Refer to section 5 of the main body this SOP for basic safety information.

DIAZOMETHANE is an extremely toxic gas with an explosion potential.
Since the explosion potential is catalyzed by imperfections in glass. generation
of diazomethane must be carried out in glass\.vare free of scratches. cracks.
chips and which does not have ground glass joints. Solutions of diazomethane
will be kept at temperatures below 90°C. Diazomethane must be generated
and handled in a fume hood.

Diethyl ether is extremely flammable

Diethyl ether must he free of peroxides as demonstrated by EM Quant test
strips.

Concentr~llL'd potassium hydroxide solution is highly caustic.
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6.1. Refer to Section 6 of the main body ofthis SOP for basic extraction
equipment and supplies. Additional equipment and supplie~ needed for this
procedure are listed below.

6.2. Diazomethane generation apparatus

6.3. EM Peroxide test strips

7. REAGENTS AND STANDARDS

7.1. Reagents are listed in Section 7 of the main body of this SOP. Additional
Reagents and standards needed for this procedure are listed below.

7.2. Reagents

7.2.1. Potassium hydroxide solution. 37% aqueous solution, (w/v): Dissolve
37 g of potassium hydroxide pellets in reagent water and dilute to 100
mL. Caution: Considerable heat will be generated. Other volumes of
solution may be made up as convenient.

7.2.2. Sodium hydroxide solution. 6N. Dissolve 400 g NaOH in reagent water
and dilute to I.OL Caution: Considerable heat will be generated. Other
volumes of solution may be made up as convenient.

7.2.3. Sodium hydroxide solution. O.IN. Dissolve 4g NaOH in reagent water'
and dilute to I.OL. Other volumes ofsolution may be made up as
convenient.

7.2.4. Sulfuric acid. 1: I Slowly add 500 mL concentrated sulfuric acid to 500
mL water. Caution: Considerable heat will be generated. The acid must
be added to the water. Wear protective clothing and safety glasse:-;. Other
volumes of solution may be made up as convenient.

7.2.5. Diazald. 99% purity

7.2.6. 2.3.4.5.6-Pentat1uorohenzyl bromide (PFBBr)Cf,KCH:Br

7.2.7. Sodium sultate. ~a.~S()J' :\nhydrous. granular. acidified: Heat :,oJillm
sulfate in a shall()\\ tray at ·+OO°l' for a minimum of..j. hours to renw\\.:

"phthalates and pther intertering organic substances. In a large beaker.
acidit~ by slun-yinS 1(100 g sodium sulfate \\ith just enough diethyl ether
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to cover. Add 2-5 mL ofconcentrated sulfuric acid and mix thoroughly.
Place the mixture on a steam bath in a hood to evaporate the ether~ or

allow the ether to evaporate overnight. Larger or smaller batches of
acidified sodium sulfate may be prepared using the reagents in the same
proportions.

APPENDlXB
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7.2.8. Sodium Chloride, NaCI

7.2.9. Acidified 5% sodium sulfate solution

Add 50 g of sodium sulfate to one liter of reagent water. Add 10
mL of concentrated H2SO-I' (This reagent may be prepared in
different quantities if the proportions are kept the same).

7.2.10. Diethyl ether. reagent grade.

7.2.11. MethanoL reagent grade.

7.2.12. Silicic acid

7.3. Standards

7.3.1. Surrogatc Standard

See Table A3.

7.3.2. Matrix Spike and LCS standard

See Table A4.

8. SAMPLE COLLECTION PRESERVATION AND STORAGE

8.1. Sample collection and storage is described in Section 8 of the main body of
this SOP.

9. QUALITY CONTROL

9.1. Refer to Section 9 of the main body of this SOP for Quality control
procedures.

10. CALIBRATION AND STANDARDIZATION

Not applicable

11.1. Preparation of :\LJllt:OllS Sampks
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Weigh the sample bottle and pour approximately 1 liter (l00 mL for
TCLP leachates) into a 2 liter separatory funnel. Reweigh the bottle and
record the sample volume on the benchsheet, assuming a density of 1.0.
Alternatively, measure 1 liter in a graduated cylindeL-- If less than 1 liter
was used, add reagent water to make the volume up to 1 liter.

11.1.1.

APPENDIXB
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11.1.2. Spike each sample blank, LCS and MS with 1.0 mL of DCAA surrogate
solution. Spike matrix spikes and LCS with 1 mL ofherbicide matrix
spikin~ solution. (Refer to tables Bland B2 )

11.1.3. Add 250 g ofNaCI to the sample and shake to dissolve the salt.

11.1.4. Hydrolysis

Use this step only if herbicide esters in addition to herbicide esters are to
be determined. This is normally the case. If the herbicide esters are not to
be determined, omit this step and go to 11.1.4.
Add 17 mL of 6N NaOH to the sample. seal and shake. Check the pH of the
sample with pH paper. If the pH of the sample is not ~12 adjust to ~12 by
adding more NaOH. Let the sample sit at room temperature for 2 hours to

complete the hydrolysis.

11.1.5. If the sample was originally in a 1 liter borrle, and the whole sample \\as
used, add 60 mL of methylene chloride to the sample bottle. Rinse the
borrle (and graduated cylindeL if used) and add the methylene chloride
to the separatory funnel.

11.1.6. If the whole contents of the sample borrle were not used, add 60 mL of
methylene chloride to the separatory funnel.

11.1.7. Extract the sample by shaking vigorously for 2 minutes. (An automatic
shaker may be used). AI low the organic layer to separate from the
aqueous layer. If an emulsion layer greater than one third of the soh-ent
layer forms. use mechanical techniques to complete the phase
separation. Suggested techniques are stirring. filtration through glass
wool and centrifugation.

11.1.8. Discard the methylene chloride phase.

11.1.9. Add a second 60 ml. \)fmdhylene chloride and repeat.the extraction a
second time. discarding the methylene chloride. Repeat the extraction a
third time.
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11.1.10. Add 17 mL of cold (4°C) 1:1 sulfuric acid to the sample. Seal, and shake
to mix. Check the pH of the sample with pH paper. If the pH is not < 2,
and more acid to adjust the pH to ~ 2.

11.1.11. Add 120 mL diethyl ether to the sample and extract by shaking
vigorously for 2 minutes. (An automatic shaker may be used). Allow the
organic layer to separate from the aqueous layer. If a emulsion layer
greater than one third of the solvent layer fOnTIs, use mechanical
techniques to complete the phase separation. Suggested techniques are
stirring, filtration through glass wool and centrifugation.

11.1.12. Drain the aqueous layer into a clean flask or beaker. Collect the ether
phase in a clean flask or bottle containing approximately 109 ofacidified
anhydrous sodium sulfate.

11.1.13. Return the aqueous phase to the separatory funnel, add 60 mL diethyl
ether and repeat the extraction procedure a second time., combining the
ether extracts. Repeat the extraction a third time with 60 mL diethyl
ether. Discard the aqueous phase after the third extraction.

11.1.14. Allow the extract to remain in contact with the sodium sulfate for at least
2 hours, shaking periodically. (May be left overnight). The drying step is
critical: if the sodium sulfate solidifies in a cake, add a fe",,,' additional
grams of acidified sodium sulfate. The amount of sodium sulfate is
sufficient if some free flowing crystals are visible when the flask or
bottle is swirled or shaken.

I 1.1.15. Proceed to section 1] .5. concentration.

I 1.2. Extraction of soil and sediment samples

11.2. I. Decant and discard any ""ater layer on a sediment/soil sample.
Homogenize the sampk by mixing thoroughly. Discard any foreign
objects such as sticks. lea\'es and rocks. unless extraction of this material
is required by the cI ient. If the sample consists primarily of foreign
materials consult \\ith the client (via the Project Manager or
Administrator). DtlCUment ifa ",vater layer was discarded.

I 1.2.2. Weigh 50.0 g of moist solid sample into ari ckan glass jar. Use 50 g of
sodium sulfate ftlf thl.: \kthod Blank and 50g Otta\va sand for the LCS,
A.cidity the sample \\ ith ) mL of concentrated Hel.
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There should be a small amount of liquid phase. If not, add
reagent water until there is. Stir well with a spatula. (Note: This is
not necessary for the method blank. or LCS)

11.2.3.
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11.2.4. After 15 minutes, stir with a spatula and check the pH of the liquid
phase. Add more acid if necessary to bring the pH to <2, repeating the
stirring and standing time after each acid addition. (Note: The pH of the
method blank and LCS are not determined.)

11.2.5. Add 60 g of acidified sodium sulfate and mix well. The sample should
be free flowing. If not, add more sodium sulfate.

11.2.6. Spike each sample blank, LCS and MS with 1.0 rnL ofDCAA surrogate
solution. Spike matrix spikes and LCS with 1 mL of herbicide matrix
spiking solution. (Refer to tables Bland 82 )

11.2.7. Add a minimum of 100 mL of 1: 1 methylene cWoride:acetone to the
beaker.

11.2.8. Place the bottom surface of the appropriate disrupter hom tip
approximately Y2 inch below the surface of the solvent. but above the
sediment layer.

11.2.9. Sonicate for 3 minutes. making sure the entire sample is agitated. If the w
380 or W-385 sonicator is used the output should be set at 6 for the 3/4
inch high gain (Q) hom or 10 for the 3/4 inch standard hom with mode
switch on pulse, and percent-duty cycle knob set at 50%.

11.2.10. Loosely plug the stem of a 75 mm x 75 mm glass funnel with glass wool
and/or line the funnel with filter paper. Add 10-20 g of anhydrous sodium
sulfate to the funnel cup.

11.2.11. Place the prepared funnel on a collection apparatus. If the herbicide esters
are not to be determined. the collection apparatus is a bottle or flask
containing approximately 109 of anhydrous acidified sodium sulfate. If the
herbicide esters are to be determined. (nonnaJly the case) the collection
apparatus is glassware suitable for the hydrolysis step. typically a KD
flask or Turbovap tube.

I 1.2.12. Decant and tilter extracts thrpugh the pr~pared funnel into the collection
apparatus.
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Repeat the extraction two more times with additional 100 mL minimum
portions ofmethylene chloride / acetone each time. Decant off extraction
solvent a.fter each sonication. On the final sonication pour the entire
sample (sediment and solvent) into the funnel and rinse with an additional
10 mL-20 mL ofthe methylene chloride/acetcne.

Note: Alternatively. the three extracts .nay be collected together
and then filtered through the sodium sulfate.

11.2.13.
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11.2.14. If the herbicide esters are not to be determined, dry the extract as described
in 11.4.2 or go to ck'lIlup. section 11.3. If the herbicide esters are to be
determined (normaliy the case) proceed to section 11.2.15

11.2.15. Add 5 mL of 37% aqueous potassium hydroxide and 30 mL of water to
the extract. Check the pH \\ith pH paper. If the pH is not:::12. adjust
with additional KOH.

11.2.16. Heat on a water bath at 60-60"C for 2 hours. Allow to cool.

11.2.17. Transfer the solution to a separator"); funnel and extract three times with
100 mL portions of methylene chloride. Discard the methylene
chloride phase. The aqueous soluti,:n contains the l:;;:rbicides.

11.2.18. Adjust the pH of the solution to :::2 with 1:1 sulfuric acid.

11.2.19. Extract once with 40 mL diethy I ether and twice with 20 mL diethyl
ether.

1l.2.20. Proceed to section 11.3. Cleanup. if required. or Section 11.4. Extract
drying.

11.3. Cleanup

This cleanup step may be necessary if the procedure for determining the
herbicide acids only is being followed. (See section 11.2.14) It is not normally
required if the acids and esters are being determined. (The usual case.) If
cleanup is not required. proceed to section 11.4. Extract drying.

11.3.1. Prepare 45 mL of basic extraction fluid by mixing 30 mL of reagent
\vaterwith 15 m!. of 37°"0 K()I-I.l:~ethree 15 mL portions of this fluid
to partition the extract (n.1 m section 11.2.12 or 11.2.20. using a small
separatory funnel. Discard the organic phase.
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Adjust the pH of the solution to 9 with cold (4°C) sulfuric acid. (I: I).
Extract once with 40 mL diethyl ether and twice with 20 mL diethyl
ether.

11.4. Extract drying

11.4.1. Combine the extracts and pour through a funnel containing acidified
sodium sulfate into a flask or bottle containing approximately 109
acidified sodium sulfate. Rinse the funnel with a little extra diethyl ether.

11.4.2. Allow the extract to remain in contact with the sodium sulfate for at least
2 hours, shaking periodically. (May be left overnight). The drying step is
critical: if the sodium sulfate solidifies in a cake, add a few additional
grams ofacidified sodium sulfate. The amount of sodium sulfate is
sufficient if some free flowing crystals are visible when the flask or
bottle is swirled or shaken. Proceed to section 11.5. concentration.

11.5. Concentration

11.5.1. Transfer the ether extract by decanting, or through a funnel plugged with
acid washed glass wool, into a Turbovap concentrator tube or a 500 mL
K-D flask equipped with a 10 mL concentrator tube. Use a stirring rod
to crush the caked sodium sulfate during transfer. Rinse the flask or
bottle with 20-30 mL ether to complete transfer.

11.5.2. Attach a three ball Snyder column to the K-D apparatus. prewet the
column with a few mL of ether from the top. and place the apparatus on
a water bath at approximately 60°C. At the proper rate of distillation, the
balls of the column \:vill chatter. but the chambers will not flood. When
the apparent volume reaches 2 mL. remove from the water bath and
allow to completely cool.

11.5.3. Carefully disassemble the concentrator tube and rinse the lower glass
joint with a small amount of diethyl ether.

I 1.5.4. Add 0.1 mL of methanol.

11.5.5. The extract is now ready for esterification by either the diazomethane
solution method (11.6) or the huhbler method (11.7)
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11.6. Esterification (diazomethane solution method)

11.6.1. Preparation of Diazomethane solution
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• CAUTION: Diazomethane is potentially explosive.
• A temporary shield or the sash of the hood must protect the

face and body of the analyst.
• Never heat solutions of diazomethane above 90°C, due to

the explosive potential.
• Do not use glass stirring rods or any glassware with ground

glass joints, as this can initiate violent reaction or explosion.
• All glassware must be scrupulously cleaned and free from

scratches, to avoid potential initiation of violent reaction or
explosion.

11.6.1.1. Weigh out 10.0 g potassium hydroxide in a 125 mL beaker. Add 16
mL water and 20 mL ethanol. Mix well until the potassium
hydroxide is dissolved and pour into the reaction vessel.

11.6.1.2. Attach a 100 mL receiving flask to the condenser and cool the
receiver in an ice bath.

11.6.1.3. Fill the condenser with dry ice. then add acetone slowly until the
cold finger is about one third full.

11.6.1.4. Mix 10.0 g diazald and 90 mL ether. Place in a separatory' funnel
over the reaction vessel.

11.6.1.5. Warm the reaction vessel on the water bath to 50-60"C or until the
ether begins to reflux. CAUTION: Do not allow the temperature to
exceed 70°C. Add diazald solution over a period of 40 minutes.
The rate ofdistillation should approximate the rate of addition.
Replenish the cold finger \\ ith dry ice as necessary.

I 1.6.1.6. When the diazald solution has neen used up. slowly add 10 mL of
ether and continue distillation umil the distillate is colorless.

11.6.] .7. The diazomethane solution is documt:nted \\-ith 3. lot number. It is
stored in a freezer at -10 to -20"C and has an expiration date of six
months.
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11.6.2.1. Add 20 mL of ether to 2 mL of glacial acetic acid in a large beaker
in the hood.

11.6.2.2. Add the diazomethane solution slowly to the acetic acid. The
yellow color of the diazomethane disappears as it reacts \\lith the
acetic acid. If the yellow color persists at any time during the
addition, and does not disappear with gentle swirling of the beaker,
add additional acetic acid in ether before continuing the
diazomethane addition.

11.6.2.3. Dispose of the ether solution in the non-chlorinated wastes bottle.

11.6.3. Esterification (Diazomethane solution method)

11.6.3.1. Add approximately 2 mL of diazomethane solution and let sit for
10-15 minutes.

11.6.3.2. Add approximately 0.2 g of silicic acid to the extract. Allow to
spontaneously evaporate to about 1.0 mL, then make up to 10 mL
with hexane.

11.6.3.3. Extract is ready for analysis by gas chromatography.

11.7. Esterification (Bubbler Method)

11.7.1. Assemble the diazomethane apparatus (Figure AI) in a hood. Add 10
mL of diethyI etherto tube 1. Add 5 mL of2% methanolic KOH. 3 mL
of ether and 0.5-1 g of diazald to tube 2.

11.7.2. Place the tip of the disposable pipet into the vial containing the first
sample extract. Apply nitrogen flow (approx. 10 mLmin) to bubble
diazomethane through the sample extract for about 1 minute. or until the
yellow color persists. Replace the disposable pipet and place the tip into
the vial containing the second extract. Continue until the diazald is
consumed. (An additional 0.1-0.5 g diazald rna::' be added to extend the
generation of diazomethane).

1I.7.3. Allow the extracts to stand for 20 minutes. then add arproximatdy 0.2 g
of silicic acid to each extract. 1\110\\ to stand f()[ an additional 20
minutes,
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APPENDIX B
EXTRACTION PROCEDURE FOR CHLORINATED
ACID HERBICIDES ~ASEDON METHOD 8151

11.7.4. Adjust the volume to 10 mL with hexane.
gas chromatography.

Nitrogen--.

SOP No: CORP-OP-OOOINC
Revision No: 2.4
Revision Date: 10/16/98
Page 87 of95---:---::--------

The sample is now ready for

Tube 1

12. DATA ANALYSIS AND CALCULATIONS

Not applicable

Tube 2

13. METHOD PERFOR.lV!ANCE

Refer to CORP-GC-OOO I for details of method perfonnance.

14. POLLUTION PREVENTION

Referto section 14 of the main body of this SOP.

15. WASTE MANAGEMENT

Referto section 15 of the main body of this SOP.

16. REFERENCES

16.1. S\V846. Test Methods tor Evaluating Solid Wast~. Third Edition. Update II.
September 1994. Chlorinated Herbicides. \ktlwd g 151. -



APPENDlXB
EXTRACTION PROCEDURE FOR CHLORINATED
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17. MISCELLANEOUS

17.1. Modifications from Reference Method

SOP No: CORP-OP-OOOINC
Revision No: 2.4
Revision Date: 10/16/98
Page 88 of95--------

17.1.1. Directions to add sufficient reagent water to the soil sample so that the
pH can be measured have been added (Section 11.1.2)

17.1.2. The bubbler esterification method uses methanolic KOH in place of the
aqueous KOH / carbitol mixture recommended in method 8150B. This
has been found to provide a more effective and reliable esterification.

17.2. Modifications from previous revisions

None
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17.3. Tables

SOP No: CORP-OP-oOOINC
Revision No: 2.4
Revision Date: 10/16/98
Page 89 of 95 _

Table Bl ---

Herbicide Surrogate Spiking Solutions

Surrogate Spike
Analyte Group Solution ID Volume (mL)

Herbicides Herbicides SS 1.0

TableB2

Herbicide Matrix Spike and LCS Solutions

Analyte Group Matrix Spike
Solution ID Volume (mL)

Herbicides Herbicides MS 1

Table B3
Herbicide Surrogate Spike Components

Cone.

Type Compounds l Solvent (ug/mL)

Herbicides SS 2.4-DCAA Methanol 16

'The surrogate is spiked as the free acid
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SOP No: CORP-OP-OOOINC
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Table B4

Herbicide Matrix Spike Components

Cone.
Type Compounds! Solvent (uglmL)

Herbicides MS 2,4-D Methanol 16

2,4-DB 16

2,4,5-TP (Silvex) 4

Dalapon 8

2,45-T 4

'The herbicide spiking solution contains the herbicides as the free acids.



APPENDIX B
EXTRACTION PROCEDURE FOR CHLORINATED
ACID HERBICIDES BASED ON METHOD 8151

Extraction of Aqueous Samples

SOP No: CORP-OP-oOOINC
Revision No: 2.4
Revision Date: 10/16/98
Page 91 of95 _

Measure weight or
volume of sample and

transfer to a separatory
funnel

1
Add 250 g NaCI

I
.1

i

/"

~
oes analysis

include herbicide )>---No--"~i
./ i

" esters? /

~./
Yes
y

IHydrolysis: Add 17 mL
i NaOH to sample and
\ shake. Check pH > 12.
i Leave for 2 hr.

-.- -_.- ~-- ---
l Add 60 mL MeCiz and
. shake to extract.

Discard the MeClz

T .

.Repeat extraction twice _ _ _
more discarding MeCI2

I

Add 17mL 1:1 sulfuric I
acid. Shake and check j

PH is < 2 '- I
I

Add 120 mL diethyl
ether and extract by
shaking. Collect the

ether phase

Repeat the extraction
with 2 x 60 mL diethyl

ether

'-------------

C L _

. Precede to drying and
concentration

"'----.__. -- - _. ---



APPENDIXB
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Extraction of Soils and Sediments

SOP No: CORP..QP-OOOINC
Revision No: 2.4
Revision Date: 10116/98
Page 92 of95 _

Weigh the soil into a
glass beaker. Acidify

with HCI

1
Add 60g sodium sulfate

to dry the sample

1
Spike as necessary,

then add 100 mL
MeCljAcetone

Sonicate for 3 minutes

Yes

I
j Hydrolysis: Add 5 mL
i 37% KOH and 30 mL
! water to the extract
I Check that pH is ::: 12

T
Heat to 60-65C for 2

hours

I
T

Extract 3 times with
MeCL2. Discard the

MeCL2

I
y

----No------

i

~-"oes analysIs -,_
include the )>------------'

erbicide estersY
/

/

Yes
_. . -.Y

Adjust the pH to < 2
with 1: 1 sulfuric acid

Extract once with 40
mL ether and twice ,

with 20 mL ether. Save:
the ether phase

- ..;,

; Extract 3 times wIth
basic extraction fluid
(sec 114) Discard the

organic phase

Acidify to pH ~ 2 and Y_-- _.
extract 3 times with _ Precede to drying and

-.. ---fi'-
diethyl ether. Save the. concentration.

ether phase - - --
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Drying, Concentration and Esterification

APPENDIXB
EXTRACTION PROCEDURE FOR CHLORINATED
ACID HERBICIDES BASED ON METHOD 8151

Combine the ether
extracts from the
aqueous or soil

extraction

Add 0.1 mL methanol I
I
i
i

Pour through a filter
funnel into a bottle or

flask containing sodium
! sulfate.

Esterify using the
bubbler or

diazomethane solution
method

1y
[
y

Ensure that some
i sodium sulfate remains i

free flowing Leave for ;
at least two hours

Adjust to final volume
(10 mL) for GC

analysis

I
I
I
I

-----~

Transfer to a KD or
turbovap Concentrate

to 2-5 mL

Concentrate to
approximately 1 mL on
a nitrogen evaporation

apparatus.
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{fhi.\ paf!.1! iml!mionally let; h/ankl
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(TllI\ /,u"!.t' i17fcnri()n(/I~\' Ieli hIankl
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APPENDIXC

LABORATORY ANALYSIS CRITERIA

Site [nvestigation
Plumbrook Ordnance Works



Table 1
Summary of Method Quality Objectives for Method 6010

ICP metals

Quality Control Description of Frequency of Acceptance Criteria
Element Element Implementation

Initial Calibration 3-stds and blank Daily r 2: 0.995
(9.2.1.1 )

Instrumental Precision RSO 3 integrations Each calibration and RSO < 5%
(9.2.1.1) (exposures) calibration verification

standards (ICV/CCV)

Initial Calibration 1.Mid-level (2nd source) After initial calibration ac limits = 90-110%
Verification (leV) verification
(9.3)

12. QClMRl : lowoJevel QC limits =8()..120%
Check standard at MRl

Initial Calibration Blank Interference-free matrix After initial calibration Analytes <: MOL
(ICB) to assess analysis Check Sample
(9.4) contamination (-2)( MOL)

Interelement Check ICS-A - interferents Beginning of anatytical Qe limits = 80-120% for
Standards (ICS) only sequence target analytes
f8.1) ICS-B - interferents and

target analytes

Continuing Calibration Interference-free matrix Every 10 samples and Analytes < MOL
Blank (CCB) to assess analysis at end of analytical Check Sample
(9.4) contamination sequence (-2)( MOL)

Continuing Calibration 1. Mid-level verification Every 10 samples and ac limits = 90-110%
Verification (CCV) at end of analytical
(9.5/9.5.1 ) 2. aC/MRL sequence ac limits = 80-120%

Method Blank (MS) Interference-free matrix 1 per sample batch Analytes <: MOL
(10.2.1/11.4.1) to assess Check Sample

overall method (-2)( MOL)

Laboratory Control Interference-free matrix 1 per sample batch Recovery =80 - 120%
Sample (LeS) containing all target
(10.2.2/11.4.2) analytes

Matnx ;:;,prKey~.1;:;" ;:;,amp e malnX sptKeo per samPle oaten Kecove'Y = " - ,",..
(102.3111.4.3 with alVsubset of target
11.4.3.1) analytes prior to

digestion

Matrix Duplicate (MO) Refer to text for MO or 1 per sample batch RPD S 25

I
or Matrix Spike Ms.
Duplicate (MSD)
(10.2.4/11.4.4) ,.- -

1



Table 1 (Continued)
Summary of Method Quality Objectives for Method 6010

ICP metals

Quality Control Description of Frequency of Acceptance Criteria
Element Element Implementation
r-us~ ulgestJon ~plKe ample U.gesLO~e M.:> neeut:l.l ~o con urn ecovery = (0) ••"0)70

(POS) spiked with alVsubset matrix effects
(10.3.1/11.4.6) of target analytes

Serial Dilution (SO) 1:4 dilution analyzed to As needed to assess Agreement between
(10.3.2) assess matrix effects new and unusual undiluted and diluted

matrices results
V10%

Method of Standard Method of quantitation As needed for samples r :l: 0.995
Addition with suspected or
(MSA) confirmed matrix
(122.1) effects

1 The number of Sporadic Marginal Failure (SMF) allowances depend upon the number of target analytes reported from the analysis.
For instance, If between seven (7) to fifteen (15) metals are reported from the IC? analysis. one (1) SMF is allowed to the expanded
criteria presented. If greater than 15 metals are reported from the IC? analysis. two (2) SMFs are allowed. Refer to Section 9.3 f...
additional information on the application of sporadic marginal failures.

2



Table 2
Summary of Method Quality Objectives for Method 7000 series

GFAAlCVAA Metals

Quality Control Description of Frequency of Acceptance Criteria
Element Element Implementation

[nitial Calibration 3 stds and blank Daily r ~ 0.995
'9.2.1.21
Instrumental Precision RPD of 2 injections All standards, and RPD .:S 10
(9.2.1.2) JCVlCCV

Initial Calibration 1. Mid-level (2nd source) After initial calibration QC limits = 90-110%
Verification (lev) (9.3) Verification

2. QCJMRL: Low level stnd QC limits: 80-120%

Initial Calibration Blank Interference-free matrix After initial calibration Analytes < MOL
(I CS) (9.4) To assess analysis Check Sample

contamination (-2)( MOll

Continuing Calibration Interference-free matrix Every 10 samples and Analytes < MOL
Blank (CeS) to assess analysis at end of analytical Check Sample
(9.4) contamination sequence (-2)( MOL)

Continuing Calibration 1. Mid.fevel verification Every 10 samples and ac limits = 80-120%
Verification (CCV) at end of analytical
'9.5/9.5.1 \ 2- QCJMRL sPOuence ac limits=8()..120%

Method Blank (MB) Interference-free matrix 1 per sample batch Analytes < MOL
(10.2.1/11.4.1) to assess overall Check Sample

method contamination 1'-2)( MOLl

Laboratory Control Interference-free matrix 1 per sample batch %Rec = 80% ·120%
Sample (LCS) containing target
(10.2.2111.4.2) anatytes

Matrix Spike (MS) Sample matrix spiked 1 per sample batch "IoRec == 80% - 120%
(10.2.3/11.4.31 with target analytes
11.4.3.1) prior to digestion

Matrix Dupltcate (MO) Refer to text for MID or 1 per sample batch RPD s20
or Matrix Spike M,.
Duplicate (MSD)
(10.2.4/11.4.4)

Post Digestion Spike Sample digestate As needed to confinn Recovery == 85 - 115%
(POS) spiked with target matrix effects
(10.3.1/11.4.6) analytes

Serial Dilution (SO) 1:4 dilution analyzed to As needed to assess Agreement between
(10.3.2) assess matrix effects new and unusual undiluted and diluted

matrices results
V10%

'1ethod of Standard Method of Quantitation As needed for samples r 2: 0.995
Jdition .

with suspected or
,o''o'1$A) confirmed matrix

I
(12.2.1) effects

I
3



Table 3
Summary of Method Quality Objectives for Method 802'

vocs

QC Element Target Analyte I Surrogate Poor Purgers I Gases I Sporadic
Marginal Failures'

Initial Primary Evaluation: No allowance
Calibration r 2: 0.995, RSO :s: 20%,
(9.2.2. ') r2 ~ 0.990

ICV (9.3) 1. Recovery = 85-115% Sporadic Marginal Failures':
Recovery == 70 - 130%

2. QC/MRL: 0 S 15%

CCv 1. Primary Evaluation: Primary Evaluation:
(9.5/9.5.29.5.2. ') Drift s: , 5%, 0 .s 15% Drift s: 20%. D.s 20%

Alternative Evaluation: Mean DriftID Alternative Evaluation:
For all target analytes S 15% Maximum allowable DrifVD

For each target analyte S 30%
2. QC/MRL: D.s 15%

MB Target Analytes: Common Lab Contaminants:
(10.2.1/11.4.1) Analytes < MOL Check Sample (-2X Analytes < MRl

MOL)

LCS Water: Recovery. 80 - 120% Sporadic Marginal Failures':
(10.2.2/11.4.2) Soil: Recovery, 75 - 125% Recovery - 60 - 140%

IVIS Recovery =70 • 130% Sporadic Marginal Failures':
(10.2.3111.4.3111.4.3.2) %Rec =60% - 140%

MSOIMD Water: RPD s 30 Water: RPD s 40
(10.2.4/11.4.4) Soil: No RPD Umits Soil: No RPD Umits

Surrogates (10.2.5 Interference-Free Matrix: Not Applicable
11.4.5) Water: Recovery 80· 120%

Soil: Recovery 75 -125%
Project Sample Matrix:
Recovery '- 70 • 130%

Target Analyte RPD :S 40 RPD 540 IIConfirmation (12.3)

I

1 The number of Sporadic Marginal Failure (SMF) allowances depend upon the number of target analytes reported from the
analysis. For instance, if the 8020 Target Analyte List (10 compounds) is reported. 1 SMF is allowed. If the 8010 Target Analyte
List (32 compounds) is reported. 3 SMFs are allowed. Iftheful18021 Target Analyte Ust (60 compounds) is reported. 4 SMFs are
allowed. If the MS includes only a subset of compounds, allow only one (1) SMF for that ac element Refer to Section 9.3 for
additional information on the application of sporadic marginal failures.

. . ,.,,..,
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Table 4
Summary of Method Quality Objectives for Method 8081

Pesticides

QC Element Target AnalyteJSurrogate Sporadic Marginal Failure

DDTlEndrin DDT & Endrin Breakdown Not Applicable
%Breakdown (8.2) S 15% each

Initial Primary Evaluation: No allowance
Calibration r ~ 0.995, RSD:s: 20%.
(9.2.2.2) r2 2: 0.990

Alternative Evaluation: . Alternative Evaluation:
Mean RSD for all target Maximum allowable RSO for each
analytes S 20% target analyte :s: 40%

ICV 1. Recovery = 85 - 115% Sporadic Marginal Failures':
(9·3/9.3.1)

2. QC/MRL: Recovery 85-115% Recoverv =70 - 130%

CCV 1. Primary Evaluation: No allowance
(9.5/9.521 Orift:s: 15%. 0 S 15%
9.5.2.2) Alternative Evaluation:

Alternative Evaluation: Mean Maximum allowable Drift, D for each
Drift (D) for aU target analytes S 15% target analyte S 30%

2. QC/MRl: D:s: 15%

MB (10.2.11 Analytes < MOL Check Sample (-2X Not Applicable
11.4.1) MOL)

LCS (10.22 Water: Recovery = 50 - 130% Sporadic Marginal Failures':
11.4.2) Soil: %Recovery =50 - 130% Recovery =30-150%

MS (10.2.3111.4.3 Recovery - 40 - 140% Sporadic Marginal Failures':
/11.4.3.2) Recovery =30 - 150%

MSO/MO (102.4 RPD .s 50 RPD.s 60
11.4.4)

Surrogates Interference- Free Matrix: Not Applicable
(10.2.5111.4.5) Water. Recovery::; 50 - 130%

Soil: Recovery::; 50 - 130%
Project Sample Matrix:
Recovery ::; 40 • 140%

Target Analyte RPDs40 RPD ~40

Confirmation
(12.3)

The number of Sporadic Marg!J:1al Failure (SMF) allowances depend upon the number of target analytes
:ported from the analysis. For Instance. if the fuJI list of 21 compounds are reponed from the GClECD

.nalysis, then two (2) SMFs are allowed to the expanded criteria presented. If the MS includes only a subset
of compounds, allow only one (1) SMF for that ac element Refer to Section 9.3 for additional information on
the application of sporadic marginal failures.

5



Table 5
Summary of Method Quality Objectives for Method 8082

PCBs

QC Element Target Analyte/Surrogate

Initial ( ~ 0.995, RSO s: 20%,
Calibration (2 ~ 0.990
(9.2.2.3)

....

ICV (9.3 /9.3.2) 1. Recovery = 85 - 115%
2. QC/MRL: recovery = 85-115%

CCV (9.5/9.5.2) 1. Drifts 15%. 0 s15%
2. QCfMRL: o s15%

M B (10.2.1 J11.4.1 Analytes < rVIOL Check Sample
(.2)( rVIDLl

LCS (10.2.2 1 Water. Recovery = 50 - 130%
11.4.2) Soil: Recovery = 50 - 130%

M S (10. 2.3/11.4.3) Recovery = 40 • 140%

MSD/MD (10.2.4/ RPD s: 50
11.4.4)

Surrogates Interference- Free Matrix:
(10.2.5 /11.4.5) Water. Recovery = 50 -130%

Soil: Recovery = 50 - 130%
Project Samole Matrix:
Recovery = 40 - 140%

Target Analyte RPOs40
Confirmation
(12.3)

6



Table 6
Summary of Method Quality Objectives for Method 8260 VOGs

QC Element Target Analyte I Surrogate Poor Purgers / Gases I Sporadic
Marginal Failures'

Initial Instrument Evaluation: No allowance
Calibration specs: minimum RIF values per method
(9.2.2.4) requirements

eeGs: verify RSD s 30%

Primary Evaluation:
r 2: 0.995, RSD ~ 15%,
,2 ~ 0.990

Alternative Evaluation: Alternative Evaluation:
Mean RSD for a/l target Maximum allowable RSD for each
analytes $15% target analyte S 30%

ICV (9.3) Recovery =80 • 120% Sporadic Marginal Failures':
QC/MRL: Recovery =60·120% Recovery =60 • 140%

CCV Instrument Evaluation:
(9.5/9.5.2 9.5.2.4) 1. specs: minimum RF values per method

requirements
2. eeGs: verify 0 s: 30%
3. Primary Evaluation (GeGs): Primary Evaluation (remaining target

, Drift S 20%" D s 20% ana!ytes):
4. QC/MRL: Recovery =60-120% Qualitative, see text

MB Target Analytes; Common lab Contaminants:
(10.2.1/11.4.1) Analytes < MOL Check Sample (-2X MOL) Analytes < MOLs

LCS Water: Recovery =80 - 120% Sporadic Marginal Failures'; Recovery
(10.2.2/11.4.2) Soil: Recovery =75·125% =60-140%

IVIS Recovery =70 - 130% Sporadic Marginal Failures':
(10.2.3/11.4.3 Recovery =60 - 140%
11.4.3.2)

MSDIMO Water: RPO :s 30 Water: RPO s 40
(10.2.4/11.4.4) Soil: No RPIO limits Soil: No RPD Limits

Surrogates (110.2.5 Interference-Free Matrix: No Applica.ble
11.4.5) Water. Recovery =80 - 120%

Soil: Recovery =75% - 125% Project
Sample Matrix:
Recovery =70 - 130%

, The number of Sporadic Marginal Failure (SMF) allowances depend upon the number of target analytes reported from the
analysis. For instance. if the mil list of 68 compounds are reported from the GCfMS analysis. then five (5) SMFs are allowed to

••
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Table 7
Summary of Method Quality Objectives for Method 8270 Semivolatiles

aCBement Target AnalyteiSurrogate Poor Performers! Sporadic
Marginal Failures'

Initial Instrument Evaluation: No allowance
Calibration specs: minimum RF values per method
(922.5) Requirements

eees: verify RSD s 30%
Primary Evaluation (all target analytes), ;t 0.995, RSD S 15%.
r2 ~ 0.990
Alternative Evaluation. A1temative Evaluation:

Mean RSD for all target anatytes Maximum allowable RSD
s15% for each target analyte

< ,n_

ICV (9.3) 1. Recovery" 70 • , 30% Sporadic Marginal Failures':
? . n dn-'. . -

CCV Instrument Evaluation:
(9.5/9.5.2 9.5.2.4) 1. specs: minimum RF values per method

requirements
2. eecs: verify 0 S 300/0
3. Primary Evaluation (eeGs Primary Evaluation
Drift .s20%. O:s 20% (remaining target anarytas);
4. QClMRL; 0 s 20'1. Qualitative. see text

MB Target Analytes: Common Lab Contaminants:

I (10.2.1/11.4.1) Analytes < MOL Check Sample (-2X MOL) Analytes,:s; MDLs

LCS Water: Sporadic Marginal Failures':
(10.2.2 111.4.2) Recovery =60 - 120% (-15 analytes) Water:

= 45 -135% (-30 analytes) ReCOVery =15 - 150%
=20 -150% (-45 analytes) Soil:

Soil: Recovery = 25 • 150%
Recovery = 60 -120% (-20 analytes)

= 45·135% (-25 analytes)
= 30 ·150% (-45 analytes)

MS (10.2.311.4.3 Water: Sporadic Marginal Failures':
11.4.3.2) Recovery = 45 - 135% Water.

ReCOvery = 15% • 150%
Soil: Soil:
Recovery = 45% - 135% Recovery = 20% • 150%

MSD/MD Water. RPD ,:s; 50 Sporadic Marginal Failures'·:
(10.2.4/11.4.4) Soil: RPO ,:s; 60 Water. RPO,:s; 60 , Soil: RPO,:s; 60-
Surrogates (10.2.5111.4.5) Interference- Free Matrix: Sporadic Marginal Failures':

Water. Recovery =60 • 120% BIN cmpds Water:
Recovery =45 -135% A cmpds Reco~15 -150%

Soil: Recovery = 60· 120% BIN cmpds Soil:
Recovery = 45 • 135% A cmpds Recovery = 20 • 150%

Project Sample Matrix:

.. . ,>.~ Recovery - 45 ·135% BIN cmpds
Recovery = 35·140% Acmpds

Soil: Recovery = 45 • 135% BIN cmpds

I -
Recovery = 35 • 140% Acmpds

B



Table 8
Summary of Method Quality Objectives for Method 8330

Explosives

QC Element Target AnalyteiSurTogate Tetryll Sporadic Marginal Failures'

Initial Primary Evaluation: No allowance
Calibration r ~ 0.995. RSD s: 20%.
(9.2.2.6) r2 ~ 0.990

A1temative Evaluation: A1temative Evaluation:
Mean RSO for all target Maximum allowable RSD for each
analytes s; 20% target analyte S 40%

ICV (9.3) 1. Recovery = 85 ·115% Sporadic Marginal Failures':
2. QC/MRL: 0 s; 15% Recovery - 70 - 130%

CCV 1. Primary Evaluation: Primary Evaluation:
(9.5/9.5.2) Drift s; , 5%. 0 s; 15% Drift oS 20%, 0 s 20%

A1temative Evaluation: Mean Altemative Evaluation:
Drift (0) for all target analytes Maximum allowable Drift (D)for each
S; 15% target analyte :s 30%

2. QClMRL: 0 S 15%

MB Target Analytes: Not Applicable
(10.2.1/11.4.1) Anatytes < MOL Check Sample

(-2)( MOL)

LCS Water: Recovery = 60 - 120% Sporadic Marginal Failures':
(102.2111.4.2) Soil: Recovery = 60· 120% Recovery =40 • 150%

MS (10.2.3/ Recovery =50 • 140% Sporadic Marginal Failures';
11.4.3111.4.3.2) Recovery =40 - 150%

MSO/M 0 (10.2.4 RPDS 50 RPO $ 60
11.4.4)
Surrogates Interference-Free Matrix: Not Applicable
(10.2.5/11.4.5) Water: Recovery =60 - 140%

Soil: Recovery =50 • 150%
Project Sample Matrix:
Recovery =50 - 150%

Target Analyte RPD:s: 40 RPO :s:40
Confinnation
(12.3)

I The number of Sporadic Marginal Failure (SMF) allowances depend upon the number of target analytes
reported from the analysis. For instance, if betw"een seven (7) to fifteen (15) explosives are reported from the
HPLC analysis, one (1) SMF is allowed to the expanded criteria presented for the ICY and LCS. If greater
than 15 explosives are reported, tw"o (2) SMFs are allowed for the ICV and LCS. If the MS includes only a
subset of compounds, allow only one (1) SMF for this ac element Refer to Section 9.3 for additional
information on the application of sporadic marginal failures.
2 Due to the tendency for Tetryl to decompose, an expanded criteria may be applied a145% • 140% for both
water and soil matrices. .., f'o.

9



~z
!2
)(

c



QA Project Plan
Appendices

APPENDIXD
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VOLITILE ORGANIC DATA VALIDAnON CHECKLIST

Laboratory _

SDG Number _

Section I-Pan A is filled out iftbe data package contains VOA analyses:

The review consisted of checking and verifying that the following performance criteria are within
acceptable QC limits.

x Holding Time Review
x System Monitoring Compound (Surrogate) Review
x Matrix SpikelMatrix Spike Duplicate Review
x Blank Contamination Review
x GCIMS Instrument Performance Check
x Initial and Continuing Calibration Check Internal Standard Areas Check

Any exceedance in the QC limits are documented in the anached swnmary sheets. Please note
that field/rinse blanks, holding times for non-detects, as well as qualifying detected values below
the CRQL will be analyzed as a separate process.

The following qualifiers may be applied:
J = Positive result at an estimated value. .
R = Data is unreliable due to significant QC problems
B = Blank contamination

Data Reviewer _

'.. .
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VOAANLYSES

1. Chain-or-Custody Records and Reouests for Analvses (C-O-CJRFA)

Are C-O-CIRFA Records present for all samples?
[]Yes []No [] N/A

Do the C-O-ClRequest for Analysis or Lab Narrative indicate any problems with sample receipt,
condition of samples, analytical problems, or special circumstances affecting the quality of the
data? []Yes[]No [] N/A -

Action: Use professional judgment to evaluate the effect on the quality of the data.

Note: Holding times information will be available from the IRDMIS database_ Only verification
will be performed during validation_

2. System Monitorim! Compound (Surro2:ates! Analvsis

Are all system monitoring compound recoveries below the upper acceptance limit (IJL)?
[]Yes[]No [] N/A

Action: If a system monitoring compound recovery is above the upper acceptance level (UL)
qualify all associated positive values as estimated"J".

Are all system monitoring compound recoveries above the lower acceptance level (LL)?
[]Yes[]No [] N/A

Action: If a system monitoring compound recovery is below the lower acceptance limit (LL)
qualify all associated detected data estimated "l".

Note: Professional judgment should be used to qualify data that have method blank surrogate
recoveries out of specification in both original and re-analyses. Check the internal standard areas.
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Common Lab Contaminants ~ Methylene Chloride, Acetone, Toluene, 2-butanone. Carbou
Disulfide

Note: Trip blanks are used to qualify only those samples with whicb they were shipped and are
only required for VOA matrices. Blanks may not be qualified because of contamjnation in
another blank. Field Blanks and Trip Blanks must be qualified for system monitoring compound,
insttument performance criteria, spectral or calibration QC problems. Field blank contamination
is not to be applied at this time. This will be done as a separate step in the validation process. If
all associated samples for the Trip Blanks are Dot found in the package please note the exceptions
on the "TRIP BLANK TO BE VALIDATED LIST". Do not apply qualifiers to rinse blanks,
(which are denoted as R-SW under Site Type on the COC Form).

Has an instrument performance compound been analyzed-for every 12 ,hours of sample analysis
per iosttumenL [J Yes [J No [] N/A

Action: Reject (R) all data generated outside an acceptable l2-hour tune interval.

Have the ion abundance's been normalized to mlz· 9j?
[]Yes[)No [) N/A

Action: If mass assignment is in error, qualify all associated data as unusable (R).

7. GCIIV-S Initial Calibration

Are the Initial Calibration Forms present and complete for the volatile fraction?
[)Yes[]No [) N/A

Action: If any calibration standard forms are missing, please contact lab.

Are the RRFs above 0.05 for TargetlHSL compounda?
[]Yes[)No [) N/A

Action: If the RRF is below the above listed criteria qualify all associated analyze detected
values estimated. "J" and rejects "R" all associated analyze non-detects.,..,



Are any %RSD's above 30% for any sample analyze?
[]Yes[]No [] N/A
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Action: If%RSD >30% qualify all associated detected sample analyses estimated "J".

8. Continuine Calibration

Are all continuing calibration forms present and complete for the volatile fraction?
[]Yes[]No [] N/A

Action: If any continuing calibration fonns are missing or incomplete, please notify laboratory.

Are all RRFs above 0.05 for TargetIHCL compounds?
[]Yes[]No [] N/A

Action: If the RRF is below the above mentioned criteria qualify all detected values as estimated
"J" and all non-detects as rejected "R".

Are any %D's above 25% for any volatile analyze?
[]Yes[]No [] N/A

Action: Ifany %D exceeds 25% qualify all associated detected sample analyses as estimated"]"

' ..
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9. Internal Standard

AIe the internal standard areas of every sample and blank within the upper and lower limits for
each continuing calibration?

[JYes []No (] N/A

Action: If the internal standard area COUDt is outside the upper or lower limit, flag "J" all
associated positive results. If extremely low area counts (- 25%) are reponed., or if perforplance
exhibits a major abrupt drop-off, qualify all associated'Don-deteets as "R", rejected and all
associated detects as estimated, "1".

Note: If the IS area is above 150%, use professional judgment.

Are the retention times of the internal standards within 30 seconds of the associated calibration
standard? [J Yes [] No [] N/A

Action: Professionaljudgmeot should be used to qualify data if the retention times differ by more
than 30 seconds to determine ifa-false positive or negative exists.
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COMMENTS

The case description and exceptions, if any. are noted below, with reason(s) for rejection (R) or
qualification as estimated (1). Any laboratory deficiencies are also noted in this section.



COMMENTS (Cont'd)

Reviewed By: _

Name: _

Concurred By: _

Name: _

.... ~ ....
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BNA ORGANIC DATA VALIDATION CHECKLIST

Laboratory _

SDG Number _

Appendix C is filled out if the data package contains B-A analyses.

The review consisted of checking and verifying that the following performance criteria are within
acceptable QC limits.

x Holding Time Review
x System Monitoring Compound (Surrogate) Review
x Matrix SpikelMatrix Spike Duplicate Review
x Blank Contamination Review x GClMS Instrument Performance Cbeck
x Initial and Continuing Calibration Cbeck Internal Standard Areas Check

Any exceedance in the QC limits are documented in the attached summary sheets. Please note
that field/rinse blanks, bolding times for non-detects, as well as qualifying detected values below
the C;RQL will be analyzed as a separate process.

The following qualifiers may be applied:
J = Positive result at an estimated value
R = Data is unreliable due to significant QC problems
B = Blank contamination

Data Reviewer _
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1. Chain-of-Custody Records and Request for Analysis (C-Q-CiRFAl

AIe e-G-eIRFA Records present for all samples?
[)Yes[]No

Action: Ifno, note on the request from the laboratory.

[] N/A

Do the C-O-CiRFA or lab Narrative indicate any problems with sample receipt, condition of
samples, analytical problems. or special circumstances aff~cting the quality ofthe data?

[]Yes[)No [J N/A

Action: Use professional judgment to evaluate the effect on the quality of the data

Note: Holding times will be reviewed.

2. System Monitoring- Compound (Surr02"ates) Analvsis

Were two or more base-neutral OR acid SMCs out of specifications for any sample or method
blank?

lfyes, were samples reanalyzed?

[)Yes[)No

[)Yes[)No

[) N/A

[) N/A

Note The theoretical value for the surrogates was 50 ug/ml for base/neutrals and 100 uglml for
acids.

Action: If all BNA system monitoring compounds (SMC) recoveries are >10% but two within
the base-neutral or acid fraction do not meet specifications, for the affected fraction only CLe..
base-neutral or acid comoounds. flag all detected results as estimated (1).
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Were any base-neutral-2B acid SMC's below 10% for any sample?
[]Yes[]No []N/A

Action: If any SMC's are below 10% qualify all detects estimated "J" and reject "R" all
Don-detects for the affected fraction (i.e. Base·neutral or acid).

Note: Professional judgment should be used to qualify data that have method blank system
monitoring compound recoveries out of specification in both original and reanalysis. Check the
intemal standard areas.

3. Matrix Spikes

Were any matrix spikes analyzed?

a Water
b. Soil

[]Yes[]No
[]Yes[]No

[] N/A
[] N/A

Action: Ifany matrix spike data are missing, note in the case narrative.

4. Blanks

Has a reagent/method blank analysis been reponed per set of samples of similar matrix, or
concentration level, and for each extraction batch? [J Yes [J No [J N/A

Action: If the above information is missing, please notify the laboratory.

5. Contamination

Do any methodfl!lStrUntentireagent blanks have positive results (Target andlor TIC) for BNAs?
when necessary. [J Yes [J No [] N/A
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Action: For common lab contaminants, Sample concentrations less than ten times and all othe.
sample analyses sample concentrations less than five times the blank value qualify "B" in both
the USAT and EPA qualification fields. Use the largest value from all the associated blanks. Do
not apply method blank contamination to rinse blank samples.

Common Contaminants - Common phthalate esters

Note: Field blank contamination is not to be evaluated at this time. This will be dODe as a
separate step in the validation process. Do not apply method blank contamination to rinse blank
samples.

6. GCIlVIS Instrument Performance Check

Ate the enbanced bar graph spectrum and mass/charge (mlz) listing for the DFTPP provided for
each I2-hour shift?

Action: If the above information is missing, please notify the laboratory.

Has an instrument perfonnance compound been analyzed for every 12 hours of sample analysis
perinstnunent? [] Yes [J No [] N/A

Action: If no, use professional judgment to qualify the data

Have the ion abundance's been normalized to m/z 198?
[]Yes[]No [) N/A

Action: Ifmass assignment is in error, flag all associated sample data as unusable (R).

Have all ion abundance criteria been met? []Yes[]No [] N/A

Action: If ion abundance criteria are not met, use professional judgment to determine what
action, ifany, is required.

"'"
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7. GCMS Initial Calibration

Are the Initial Calibration Fonns present and complete for the TCLIBNA fraction?
[]Yes[]No []N/A

Action: If any calibration standard forms are missing, please contact lab.

Are all RRf's above 0.05 for TargetlHSL compounds?
[]Yes[]No [] N/A

Action: If the RRF is below the above listed criteria qualify all associated analyze detected
values contaminated "]" and reject "R" all associated Don-detects.

Are any % RSD's above 30% for any sample analyze?
[]Yes[]No [] N/A

Action: If%RSD >30% qualify all associated detected sample analyses estimated"J" .

8. GCII\-S Continuin2 Calibration

ilie the ContinuinglWeekly Calibration Forms present and complete for the BNA fraction (TCL
+ extra compounds? [] Yes [] No [1 N/A

Has a contmwng calibration standard been
analysisflI1StrUIDent?

analyzed for every
[]Yes[]No

12 hours
[] N/A

of sample

Action: If any fonns are missing or no continuing calibration standard has been analyzed within
12 hours of every sample analysis, please request from laboratory. If continuing calibration data
are Dot available and were required., flag all associated sample data as unusable (R).



Are all Continuing RRF's above 0.05 for TargetlHCL compounds?
[)Yes[]No [l N/A
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Action: If any RR- is below the above mentioned criteria qualify all detected values as estimated
"J" and all non-detects as rejected "R".

Are any % D's above 25% for any semi-volatile analyze?
[)Yes[)No [) N/A

Action: If any % D exceeds 25% qualify all associated detected sample analyses as estimated "J".

9. Internal Standard

Are the internal standard areas of every sample and blank with the upper and lower limits for
each continuing calibration? [1 Yes [J No [) N/A

Action: If the internal standard area count is outside the upper or lower limit, flag "J" all
associated positive results. If extremely low area counts « 25 %) are reponed, or ifperformance
exhibits a major abrupt drop-off, qualify all associated non-deteets as "R", reject and all
2Sso<;;iated detects as ..Jft. estimated. .

Note: If the IS area is above 150%. use professional judgment.

Are the retention times of the internal standards within 30 seconds of the associated calibration
standard? (] Yes (] No [l N/A

Action: Professional judgment should be used to qualify data iftbe retention times differ by more
than 30 seconds to determine if a false positive or negative exists.

,.
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COMMENTS

The case description and exceptions, if any. are noted below, with reason(s) for rejection (R) or
qualification as estimated (1). Any laboratory deficiencies are also noted in this section.



COMMENTS (Cont'd)

Reviewed By: _

Name: _

Concurred By: _

Name: _

..• .f.,,
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PESTICIDESIPCB DATA VALIDATION CHECKLIST

Laboratory _

SDG Number _

Appendix D is filled out if the data package contains PesticidelPCB analyses.

The review consisted of checking and verifying that the fonowing perfonnance criteria are Within
acceptable QC limits.

x Holding Time Review
x System Monitoring Compound (Surrogate) Review
x Matrix Spike/Matrix Spike Duplicate Review
x Blank Contamination Review
x GC/MS Insnument Performance Check
x Initial and Continuing Calibration Check Internal Standard Areas Check

Any out of the upper limit in the QC limits are documented in the attached summary sheets.
Please note that field/rinse blanks, holding times for non-detects, as well as qualifying detected
values below the CRQL 'NiH be analyzed as a separate process.

The following qualifiers may be applied:
J = Positive result at an estimated value
R = Data is unreliable due to significant QC problems
B = Blank contamjnation

Data.Reviewer _
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PESTICIDEJPCB ANALYSIS

1. Chain-of Custody Records and Reauests for Analvsis CC-O-CIRFA)

Are C-O-ClRequest For Analysis Records present for all samples?
[]Yes[)No

Action: If no, please contact laboratory.

[) N/A

Do the C-O-ClRequest For Analysis or Lab narrative indiCate any problems with sample receipt,
condition of samples, analytical problems, or special ciI<:umstances affecting the quality of the
data? [)Yes[]No [) N/A

Action: Use professional judgment to evaluate the effect on the quality of the data.

Note: Holding times will be reviewed using the I-DMIS system.

2. System Monitorin2 Compound (Surroeate) Recoverv

Were System Monitoring Compound recoveries of DBC outside of the contract specification
(20-150) for any sample or blank? [] Yes [] No [) N/A

Action: No qualification is done if system monitoring compounds (SMC) are diluted out. If
recovery for SMC is below the contract limit, but above 10%, flag positive results for that
samp'le as n J". If recovery is < 10%, ~ualify positive results as "J" and reject "R" non-detects. If
recovery is above the contract advisory limits, qualify positive values as "J".

Are all surrogates Retention Times within +/. 0.10 minutes for DBC in the calibration curve?
[]Yes[]No [) N/A

Action: If the Retention time limits are Dot met., the analysis may be qualified unusable "R" for
that sample on the basis ofprofessional judgment.
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3. Matrix spikes

Were matrix spikes analyzed?
a Soil
b. Water

[1 Yes
[) Yes

[1 No
[) No

[] N/A
[]N/A

Action: If any matrix spike data are missing, Dote in the case narrative.

4. Blanks

Frequency of Analysis: For the analysis of PestIPCB TeL compounds, bas a reagent/Iilethad
blank been analyzed for each Sample Delivery Group for each of the matrix or concentration or
each extraction batch, whichever is more frequent (Check the prep sheets)?

[)Yes[]No [] N/A

Aetion·If not present note in the case narrative.

5. Contamination

Do any metbodfUlStrumentlreagent blanks have positive results for PestlPCBs?
[]Yes[]No [) N/A

Action: Sample concentrations less than five times the blank value qualify "B" in both the USAT
and EPA qualification fields. Use the largest value from the associated blanks.

Note: If gross blank contamination exists (i.e., saturated peaks), all affected compounds in the
associated samples should be qualified as unusable (R) due to interference. Field blank.
contamination is not to be applied at this time. This will be done as a separate step in the
validation process. Do not apply method blank contamination to rinse blank samples.
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6. Calibration and GC perfonnance

Is the correlation coefficient of individual analyses in the calibration curve >0.9957
[]Yes[]No [] N/A

Action: If DO, qualify all associated positive results generated during the entire analytical
sequence as estimated (1).

Was Eval B standard anaJyud? [] Yes [] No [] N/A

Has the individual % breakdown n exceeded 20.0% on either column? For 4,4'-DDT? For
endrin? []Yes

[]No []N/A

Has the combined % breakdown .for 4,4'DDT-Endrin
(required in all instances)?

exceeded 30.0%
[]Yes[]No

on either column
[JN/A

Action: If any % breakdown has failed the QC criteria in the initial calibration sequence, qualify
all sample analyses in the entire analytical sequence as described below.

Acti~n: If any % breakdown bas failed the QC criteria in a EVAL B Verification Calibration,
review data beginning with the samples whicb followed the last in-control standard until the next
acceptable PEM and qualify the data as described below.

a 4A'·DDT Breakdown: If 4,4'-DDT breakdown is greater than 20.0%: Qualify all positive
results for DDT with "J". If DDT was not detected, but DDD and DDE are positive, then qualify
the quantitation lintit for DDT as unusable (R).

ii. Qualify positive results for DDD and/or DDE as preemptively present at an approximated
quantify (1).
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b. Edrin Breakdown: If edrin breakdown is greater than 20.0%:

QualifY all positive results for endrin with "J". If endrin was not detected, but endrin aldehyde
and endrin ketone are positive, then qualify the quantitation limit for enelrio as unusable (R).

ii. Qualify positive results for endrin ketone and endrin aldehyde as preemptively present at an
approximated quantity (J).

c. Combined Breakdown: If the combined 4,4'-DDT and endrio breakdown is greater than
30.0%: QualifY all positive results for DDT and endrin with "J". If endrin was not detected, but
eodrin aldehyde and endrin ketone are positive, then qualify the quantitation limit for endrin as
unusable (R). If DDT was not detected, but DDD and DDE are positive, then qualifY the
quantitation limit for DDT as unusable (R). .

Qualify positive results for endrin ketone and endrin aldehyde as preemptively present at an
approximated quantity (J). QualifY positive results for DDD and/or DDE as preemptively present
at an approximate quantity (J).

Are the percent difference (%D) values for all EVAL B analyses less than 25%?
[)Yes[)No [)N/A

Action: If no, qualify all associated positive results generated during the analytical sequence as
ttJ",

Have all samples been injected within a 72-hour period beginning with the injection Instrument
Blank? [)Yes[)No [)N/A

Action: If no, use professional judgment to determine the severity of the effect OD the data and
qualify accordingly.

Do all standard retention times for each INDA and INDB Verification Calibration fall within the
windows established by the initial calibration sequence?

[]Yes[)No []N/A
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Action: If retention times are outside established windows in both columns, beginning with the
samples which followed the last in-control standard, check to see if the chromatograms contain
peaks within an expanded window surrounding the expected retention times. If no peaks are
found and the surrogates are visible, non-deteets are valid. If peaJcs are present and cannot be
identified through pattern recognition or using a revised RT window, qualify all positive
results "R".

Are %D values for all verification calibration standard compounds <25.0%?
l]Yes[]No []N/A

Action: If the %0 is >25.00,/0 for the compound being quantitated, qualify all associated POsitive
results as "J". The "associated samples" are those which followed the last in-control standard up
to the next passing standard containing the analyze which failed the criteria

7. PesticideIPCB Identification

Are retention times (RD of detected compounds within the established RT windows for both
columns (quantitation and confinnation)?

[]Yes[]No [] N/A

Action: If the compound is outside the RT windows, adjust the Form I to CRQL as a false
positive.

Note. If laboratory did not confirm value on a second, notify the laboratory.

,...... /"
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COMMENTS

The case description and exceptions, if any. are noted below, with reason(s) for rejection (R) or
qualification as estimated (1). Any laboratoI)' deficiencies are also noted in this section.



COMMENTS (Cont'd)

Reviewed By: _

Name: _

Concurred By: _

Name: _
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50



51.

NITROAROMATICS & NITRAMINES DATA VALIDATION CHECKLIST

Laboratory _

SDG Number _

Appendix D is filled out if the data package contains Explosive Residues analyses.

The review consisted of checking and verifying that the following perfonnance criteria are"within
acceptable QC limits.

x Holding Time Review
x System Monitoring Compound (Surrogate) Review
x Matrix Spike/Matrix Spike Duplicate Review
x Blank Contamination Review
x Initial acd Continuing Calibration Check Internal Standard AreaslPeaks Check

Any out of the upper limit in the QC limits are documented in the anacbed summary sheets.
Please note that field/rinse blanks, bolding times for non-detects, as well as qualifying detected.
values below the CRQL will be acalyzed as a separate process.

The following qualifiers may be applied:
J = Positive result at an estimated value
R = Data is unreliable due to significact QC problems
B = Blank. contamination

Data Reviewer _

-"
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N1TROAROMATICS & NITRAMINES ANALYSIS

1. Chain-of Custody Records and Reauests for Analvsis (e-O-emA)

Are C-O-CJRequest For Analysis Records present for all samples?
[] Yes []No

Action: Ifno, please contact laboratory.

[] NlA

.Do the C-O-ClRequest For Analysis or Lab narrative indiCate any problems with sample receipt,
condition of samples, analytical problems, or special circumstances affecting the quality of the
data? []Yes[]No [] N/A

Action: Use professional judgment to evaluate the effect on the quality of the data.

Note: Holding times will be reviewed..

2. System Monitoring: Compound (Surrogate) Recoverv

Were System Monitoring Compound recoveries of surrogate outside of the contract specification
for any sample or blank? [1 Yes [1 No [] N/A

Action: No qualification is done if system monitoring compounds (SMC) are diluted out. If
recovery for SMC is below the contract limit, reject "R" Don-detects. If recovery is above the
conn:act advisory limits, qualify positive values as ..J".

Are all surrogates Retention Times within ±3 SD of the calibration curve?
[l Yes [J No [] N/A

Action: If the Retention time limits are not met, the analysis may be qualified unusable "R" for
that sample on the basis of professional judgment.

>..
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3. Matrix spikes

Were matrix spikes analyzed?
a Soil
b. Water

[] Yes
[] Yes

[] No
[] No

[] N/A
[] N/A

Action: If any matrix spike data are missing, note in the case narrative.

4. Blanks

Frequency of Analysis: For the analysis of TeL compounds, has a reagent/method blank been
analyzed for each Sample Delivery Group for each of the matrix or concentration or each
extraction batch, whichever is more frequent (Check the prep sheets)?

[]Yes[]No [] N/A

Action-If Dot present Dote in the case narrative.

5. Contamination

Do any method/instrument/reagent blanks have positive results for explosive residues?
[]Yes[]No [] N/A

Action: Sample concentrations less than five times the blank value qualify "B" in both the USAT
and EPA qualification fields. Use the largest value from the associated blanks.
Note: If gross blank contamination exists (Le., saturated peaks), all affected compounds in the
associated samples should be qualified as unusable (R) due to interference. Field blank
contamination is not to be applied at this time. This will be done as a separate step in the
validation process. Do not apply method blank contamination to rinse blank samples.
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6. Initial Calibration

Is the RSD of the calibration standards for all the points less than 20%?
[]Yes[]Na [] N/A

Action: If no, qualify all associated positive results generated during the entire analytical
sequence as estimated (1).

7. Continuing Calibration

Is the average response factor within 15%?

,..

[]Yes []Na [] N/A
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COMMENTS

The case description and exceptions. if any. are noted below, with reason(s) for rejection (R) or
qualification as estimated (1). Any laboratory deficiencies are also noted in this section.



COMMENTS (Cont'd)

Reviewed By: _

Name: _

Coneu!"red By: _

Name: _
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INORGANIC DATA VALIDAnON CHECKLIST

Laboratory _

SDG Number _

This data package has been reviewed and the Quality Assurance and performance data
summarized. The review is based on the following information; Holding times, calibration,
blanks, spikes, duplicates, and sample result verification.

Any e«eedance in the QC limits are documented in the anached summary sheets. The following
qualifiers may be applied:

J = Positive result at an estimated value
R = Data is unreliable due to significant QC problems
B = Blank contamination

Data Reviewer _
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INORGANIC ANALYSES

1. Holding TimeslPresen'ation Requirements

Holding times will be evaluated.

2. Calibration

Was the instrument calibrated daily or at each time it was set up?
[lYes []No

JCP Analvses - Were a blank. and one standard used in establishing the analytical curve?
[lYes[]No

Atomic absorotion Analvsis - Were three standards, ODe of which must be at the method
detection limit, and a blank used in establishing an analytical curve with correlation coefficient
of>0.995?

[] Yes [] No

Mercurv Analvses - Wet< four standards and a blank used in establisbing the analytical curve
with a correlation coefficient of> 0.995? [l Yes [] No

Cyanide Analvses - Was a blank and three standards used in establishing the analytical curve
with a correlation coefficient of>O.995 [] Yes [] No

CYanide Analvses - Was a midtange standard distilled and analyzed?
[]Yes[]No

Action: If the minimum number of standards have not been used, or if the instrument was not
calibrated daily Of etch time it was set up, reject all associated data (R).

Action: If the midrange standard for cyanide was not distilled qualify all positive values
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estimated
(1).
Action: If one of the standards for AA was Dot ran at the IDL note in the comments section and
use professional judgment in qualifying the samples.

Action: !fthe correlation coefficient less than 0.995 flag all detects with a (1) as estimated.

3. Initial and Continuing Calibration Verification

Are initial and continuing calibration forms present and complete for every metal and cyanide?
[]Yes[)Na

Action: Ifno, please request this information from the laboratory

Are ill calibration standards (initial and continuing) within control limits?

Metals
MercW")'
Cyanide

90-110%
80 -120%
85-115%

[] Yes
[) Yes
[) Yes

[) No
[) No
[) No

Action: If ICV or CCV is between the following ranges qualify all detected analyses as
estimated, "1"

Metals 75% - 89%, 111% - 125%
Mercury 65% - 79%, 121%·135%
Cyanide 70% - 84%, 1 16%· 130%

IflCV or CCV is below the following ranges qualify both detected and non-detected samples as
rejected, "R".

Metals 75%
Mercury 65%
Cyanide 70%

IfICV or CCV is above the following ranges qualify all detected results rejected, "R".

Metals
Mercury
Cyanide

125%
130%
135%

Note: CCV applies to all sample analyses ran before and after to the next good CCV.
~.
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4. Blanks

Was an initial and continuing blank analyzed? [1 Yes [] No

Was a prep blank analyzed for each batch and each matrix type?
[]Yes[]No

Were contaminants found in the blanks? [lYe~[]No

Action: If samples associated - with the blank have e an analyze concentration greater than the
IDL but less than five times the blank concentration, qualify the data as (B).

The actual comparison of blank and sample resu1ts--will-~=-ased- on-actual instrument
value, particularly for soil matrix. lbis approach will eliminate variability in results due to
sample weight/volume, percent moisture, etc. which vaxy from sample to sample. In instances
where more than one blank is associated with a given sample, qualification should be based upon
associated blank having the highest concentration of a contaminant.

Note: Field blanks will be evaluated and applied as a separate step in the validation process.

5. ICP Interference Check Sample

Was ICS analyzed at beginning and end of run or at least twice every 8 bours?
[]Yes[]No

Action: If no, flag all detects as estimated (1) all samples for which AI, Co, Fe, or Mg is higher
than in ICP.

Note: Not required for furnace AA, flame AA, mercury, cyanide and Ca, Mg, K and Na.

Are all interference check sample results inside of control limits (+/-20%)?
[JYes[JNo



62

If no, is concentration of AI, Ca, Fe, or Mg in the sample lower than the respective concentration
inICP? [] Yes []No

Action: If no, flag as estimated (J) those positive results for which rep recovery is greater than
121 %; flag all sample results as estimated (1) if ICP recovery falls within 50-79%; Flag all
sample results as Wlreliable (R) for which the Iep recovery is less than 50%.

Note: If results greater than the IDL are obsetved for elements which are not present in the EPA
provided Iep solution, the possibility of false positive exists. An evaluation of the associated
sample data for the affected elements should be made. - -

Action: For samples with comparable or higher levels of interference and with analyze
concentrations that approximate those levels found in the Iep (false positive), qualify sample
results >IDL and less than the values observed as estimate (1).

6. Laboratorv Control Sa.TJ1ole (LeS!

Are LCS values within Control Limits? []Yes[]No

Action: For aqueous LCS, if the LCS recovery for any analyze falls within the range of 50-79%
or> 120%, qualify results >IDL as estimated (1). If the LCS recovery results are <50%, qualify
both detects and non-detects the data for these samples as unreliable (R).

Action: For solid LCS values above or below the control limits, qualify all detected values
estin}ated ..J" .

Note: All aqueous LCS results must fall within the control limits of 80-120% except Antimony
and Silver which have no control limits. All solid LCS results must fall within control limits as
established hy EPA.

Was one LCS prepared and analyzed at the beginning for:

Water Samples?
Solid Samples?

[l Yes
[] Yes

[] No
[l No

Action: Ifno for any.'>6fthe above, note in the comments section and qualify all detects estimated
"J" for which no LCS was analyzed.
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7. Duplicate SamDle Analvsis

Present for each 20 samples?
Present for each Matrix type?

[l Yes
[l Yes

[J No
[l No

Action: If no for any of the above, flag as estimated (1) all data greater than IDL for which
duplicate sample was not analyzed..

Note:
. If one duplicate sample was analyzed for more than 20 samples, then the first 20 samples do
-not-have to be flagged as estimated.

2. If percent solids for soil sample and its duplicate differ by more than 1%, calculate %RPD
based on wet weight

Are all values within conrrollimits?
;for sample values greater than 5x CRDL?
;for sample values less than 5x CRDL?

[1 Yes
[l Yes

[l No
[1 No

Note: For samples values greater than 5x CRDL must have %RPD of less than 20% for aqueous
samples and %RPD of less than 35% for soil samples. For sample values less than 5x CRDL
must be within 2x the CRDL for aqueous samples and within 5x the CRDL for soils.

Action: If a duplicate analysis results for an analyze fall outside the control limits, qualify all
positive results for that analyze in all associated samples of the same matrix estimated "J".
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8. Matrix Spike Analvsis

Are all values within control limits 75-125%? []Yes[]No

Note: Spike recovery limits do not apply when sample concentration exceeds in the QC sample
the spike concentration by a factor of 4 or more.

Action: If the spike recovery is > 125 % or < 75 % and the sample results are greater than IDL
qualify the data for these samples are as estimated, "J". If spike recovery is less than 30% reject
"R" all non-detects.

9. Furnace Atomic Absorption (AA)

Are duplicate injections present in furnace raw data for each sample analyzed by GFAA?
[]Yes[]No

Action: If no, use professional judgment to qualify data

Are the Spike recoveries within control limits 85% and 115%?
[]Yes[]No

Do the duplicate injection readings have Relative Standard Deviation (RSD) or Coefficient of
Variation (CV) of20% or less for sample concentrations above the CRDL?

[]Yes[]No

lfthe RSD or CV were above 20%, was the sample reanalyzed?
[]Yes[]No [] N/A

Action: If the sample was Dot reanalyzed, or if upon reanalysis the criteria are not met, qualify
the associated data estimated (1).

lithe post digestion~ike recovery is between 10%-85% or above 115%, qualify result >IDL as
estimated (J).
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If post digestion spike recovery is <10%, qualify results <IDL unusable (R) and detects as
estimated "r.

i\re any correlation Coefficients for MSA below 0.995?
[)Yes[)Na

Action: If MSA correlation is less than 0.995 qualify detects for associated analyses estimated
"]"

Was a M5A required for any analyze due to post digestian"spike recovery, but not performed?
[]Yes [)Na

Action: Qualify all detects for associated sample analyses estimated "l".

10. Serial Dilution

Do sample results for the serial dilution agree within 20% of the original results?
[]Yes[)Na

Action: When criteria are not Met, qualify the associated data as estimated (1), (only for sample
values above 50 times the IDL).

Note: If the analyze concentration is sufficiently high (concentration in the original sample is
minimally a factor af50 above the IDL), an analysis of a 5-fald dilution must agree within 10%
Difference (%D) or the original results.

•~ fo. ..--
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COMMENTS

The case description and exceptions. if any, are noted below, with reason(s) for rejection (R) or
qualification as estimated (1). Any laboratory deficiencies are also noted in this section.

.... ~.



COMMENTS (Cont'd)

-
Reviewed By: _

Name: _

Concurred By: _

Name: _

~.
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1. Chain~Qf-Custodv Records and Request for Analvsis (C-O-CIRFAl

Are C-O-ClRequest For Analysis Records present for all samples?
[] Yes []No [] N/A

Do the C-O-ClRequest For Analysis or Lab Narrative indicate any problems with sample receipt
cooditioo of samples, analytical problems, or special circumstances affectiog the quality of the
data? []Yes[]No [] N/A

Action: Use professional judgment to evaluate the effect on the quality ofthe data

Note: Holding times will be reviewed using the IRDMIS system.

2. Matrix Spikes

Was a Matrix Spike or-Matrix SpikeIMatrix Spike Duplicate rae?
[JYes []No

Action: Ifany matrix spike data are missing, note in case narrative.

Were Matrix Spike Recoveries betweeo 75-125%? [] Yes [] No

[] N/A

[] N/A

ACTION: If recoveries are outside ·QC limits qualify all associated detected sample results
estimated "JOt. Professional judgment may be used to reject sample results if spike recoveries are
grossly outside QC limits.

3. Duplicates

Was a Duplicate ran?

ACTION: Ifno note 'in case narrative.

[]Yes[]No [] N/A
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Were duplicate results within QC limits (Soil 35%,2 • CRDL, Water 20%,1 - CRDL)?
[]Yes []No [] N/A

ACTION: If recoveries are outside QC criteria qualify all associated detected results estimated
"J".

4. Blanks

Has a method blank' been analyzed at least once per analY'i,cal batch or per 20 samples?
[]Yes[]No [) N/A

Action: If any method blank data are missing, note in the case narrative.

Do any method blanks have positive results? []Yes [)No [] N/A

Action: For sample analyses sample concentrations less than five times the blank value qualify
"B" in both the USAT and EPA qualification fields. Use the largest value from all the associated
blanks

Note: Blanks may not be qualified because of contamination in another blank. Field Blanks must
be q.ualified for system monitoring compound, instrument performance criteria, spectral or
calibration QC problems. Field blank}c contamination is not to be applied at this time. This will
be done as a separate step in the validation process. Do not apply qualifiers to rinse blanks,
(which are denoted as RNSW under Sire Type on the cac Form).

5. Laboratorv Control Sample ILCS!

Is the Laboratory Control Sample (LCS) within quality control limits?
[) Yes [J No

.• -. i":.

[] N/A

Action: If the LCS is outside control limits, qualify all detects as estimated ''1''.
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COMMENTS

The case description and exceptions, if any. are noted below, with reason(s) for rejection (R) or
qualification as estimated (1). Any laboratory deficiencies are also noted in this section.

"",



COMMENTS (Cont'd)

Re~ewedBy: _

Name: _

Concurred By: _

Name: _

'J: ., .....
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APPENDIXE

QUANTERRA REFERENCE DATA
SUMMARY

(METHOD DETECTION LIMITS AND
METHOD RECOVERY LIMITS)

Site Investigation
Plumbrook Ordnance Works
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Matrix: SOLID
Extraction: SOXHlET (NONE,Na2S04)

Method: Base/Neutrals and Acids (8270C)

Targel Analyte list: 0: ClP MSSeml TCl Standard Lisl QC Program: STANDARD TEST SET
location: Ouenterra - North Canton

-----
Target List 2101 Detection Limits Check List 1660 Spike List 1661

Compound RL Units MOL Units Run Dale Amt Units LCL UCL RPO Amt Units LCL UCL RPD

Acenaphlhene 330 ug/kg 18 ug/kg 19980202 1700 ug/kg 53 101 24 1700 uglkg 47 145 28

Acenaphthylene 330 uglkg 16 ug/kg 19980123

Anthracene 330 uglkg 22 ug/kg 19980202

Benzo(a)anthracene 330 uglkg 34 uglkg 19980306

Benzo(b)f1uoranthene 330 ug/kg 36 ug/kg 19980306

Benzo(k)f1uoranlhene 330 uglkg 40 uglkg 19980306

Benzo(ghi)perylene 330 ug/kg 48 uglkg 19980306

Benzo(a)pyrene 330 ug/kg 41 uglkg 19980306

bis(2·Chloroethoxy)methane 330 ug/kg 21 ug/kg 19980202

bls(2-Chloroethyl) ether 330 ug/kg 33 uglkg 19980128

bis(Z-Ethylhexyl) phthalate 330 uglkg 37 ug/kg 19980122

4-Bromophenyl phenyl ether 330 ugll<g 23 u9/k9 t9980202

Butyl benzyl phthalate 330 ug/kg 34 ug/kg 19980306

Carbazole 330 ug/kg 24 ug/kg 19980122

4-Chloroaniline 330 ug/kg 39 uglkg 19980202

4-Chloro-3-methylphenol 330 ug/kg 26 u91k9 19980202 2500 uglkg 46 106 30 2500 ug/kg 22 147 37

2-Chloronaphthalene 330 ug/kg 13 ugll<g 19980202

2·Chlorophenol 330 ug/kg 29 ug/kg 19980128 2500 ug/kg 44 103 30 2500 ugll<g 23 134 29

4·Chlorophenyl phenyl ether 330 ug/kg 17 ug/kg 19980202

Chrysene 330 ugll<g 29 ug/kg 19980202

Dibenz(a,h)anthracene 330 uglkg 52 ug/kg 19980306

Dibenzofuran 330 ug/kg 25 uglkg 19980202

Ol-n-butyl phthalate 330 ug/kg 19 ugll<g 19980202

1,2-Dlchlorobenzene 330 ug/kg 24 ug/kg 19980128

1,3-Dichlorobenzene 330 uglkg 28 ug/kg 19980128 ".. {,

1,4-Dichlorobenzene 330 ugll<g 18 ug/kg 19980128 1700 uglkg 51 95 22 1700 ug/kg 20 ~124 32

3,3'-Dlchlorobenzidine 1600 uglkg 29 ug/kg 19970303

2,4-Dichlorophenol 330 ug/kg 26 ug/kg 19980202

Dlelhyl phthalate 330 ug/kg 20 ug/kg 19980128

2,4-Dimethylphenol 330 ug/kg 73 ug/kg 19980202

Dlmethy(phthalate 330 ug/kg 16 ug/kg 19980202

4,6·Dinilro-2-methylphenol 1600 ug/kg 26 ug/kg 19980202

2,4·Dinilrophenol 1600 ug/kg 71 ug/kg 19980311

2,4-Dinitrotoluene 330 ug/kg 31 ug/kg 19980202 1"100 ug/kg 54 129 37 1700 uglkg 39 139 22

2,6-Dinitrololuene 330 ug/kg 32 ug/kg 19980306

Dl-n-octyl phthalate 330 ug/kg 47 ugll<g 19980306

Page number 1 Printed at 1911:21:03AM



MatriX: ::;ULIU
Extraction: SOXHlET (NONE,Na2S04)

Method: BasefNeutrals and Acids (8270C)
Targel Analyte List Q: ClP MSSemi TCl Standard list QC Program: STANDARD TEST SET

location: Quanlerra - North Canton

Target list 2101 Detection Limits Check List 1660 Spike List 1661

Compound Rl Units MOL Units Run Date Ami Units LCL VCl RPD Amt Units LCL UCl RPD

Fluoranlhene 330 ug/kg 26 ugfkg 19980128

Fluorene 330 ug/kg 20 uglk9 19980202

Hexachlorobenzene 330 ug/kg 34 uglkg 19980202

Hexachlorobuladiene 330 uglkg 40 ugfkg 19980202

Hexachlorocyclopenladiene 1600 ugfkg 26 uglkg 19980122

Hexachloroethane 330 uglkg 22 uglkg 19980128

lndeno(1,2,3-cd)pyrene 330 ug/kg 41 ugfkg 19980306

Isophorone 330 ug/kg 14 ugfkg 19980202

2·Melhylnaphlhalene 330 ug/kg 16 ugfkg 19980128

Z·Methylphenol 330 ug/kg 31 ugfkg 19980128

4-Methylphenol 330 uglkg 31 ugfkg 19980202

Naphthalene 330 ugfkg 14 ugfkg 19980202

2-Nilroaniline 1600 uglkg 26 ugfkg 19980202

3·NitroanUlne 1600 ug/kg 31 ugfkg 19980122

4-Nitroaniline 1600 uglkg 53 ug/kg 19980122

Nitrobenzene 330 ug/kg 40 uglkg 19980202

2.Nitrophenol 330 uglkg 26 ug/kg 19980202

4·Nitrophenol 1600 ug/kg 120 uglkg 19980311 2500 ugfkg 16 192 88 2500 ug/kg 10 132 47

N-Nilrosodiphenylamine 330 ug/kg 28 ug/kg 19980128

N·Nilrosodl-n-propylamlne 330 ug/kg 29 ug/kg 19980202 1700 ugfkg 39 95 28 1700 ug/kg 10 230 55

Pentachlorophenol 330 ug/kg 27 ugfkg 19980122 2500 ug/kg 24 115 45 2500 uglkg 14 176 49

Phenanthrene 330 uglkg 19 ug/kg 19980202

Phenol 330 uglkg 25 ugfkg 19980202 2500 ugfkg 36 103 34 2500 uglkg 10 112 23

2,2'-Oxybis(1-Chloropropane) 330 ug/l<g 18 ug/kg 19900120

Pyrena 330 uglkg 32 ug/kg 19980202 1700 ugfkg 46 147 51 1700 ug/kg 52 115 25

1,2,4-Trlchlorobenzene 330 uglkg 17 uglkg 19980128 1700 ug/kg 51 101 25 1700 ugfkg 44 142 28
2,4,5-Trichlorophenol 330 ug/kg 25 ugfkg 19980202

2,4,6-Trichlorophenol 330 ugfkg 18 ug/kg 19980202

2-Ffuorobiphenyl 1660 ug/kg 30 115 0 1660 ugfkg 30 :115 0

2-Ffuorophenol 2500 ug/kg 25 121 0 2500 ug/kg 25 121 0

2.4,6-Tribromophenol 2500 ugfkg 19 122 0 2500 uglkg 19 122 0

Nitrobem':ene-d5 1660 uglkg 23 120 0 1660 ug/kg 23 120 0
Phenol-d5 1500 ug/kg 24 113 0 2500 ug/kg 24 113 0
Terphenyl-d14 1660 ug/kg 18 137 0 1660 ug/kg 18 137 0
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Extraction: SOXHLET (NONE,Na2S04)

Method: Pesticides (8081A)
Target Analyte List: NC; TCl Pesticide 8081A List QC Program: STANDARD TEST SET

location: Quanterra • North Canton

Target List 4116 Detection Limits Check List 912 Spike List 913

Compound RL Units MOL Units Run Date AmI Units LCL UCL RPD AmI Units LCl UCL RPD

Aldrin 1.7 uglkg 0.37 ug/kg 19980311 6.67 ug/kg 43 116 37 6.67 uglkg 31 123 42

alpha-SHe 1.7 uglkg 0.17 uglkg 19980311

beta-SHC 1.7 ugll<g 0.38 uglkg 19980311

delta-SHC 1.7 ugll<g 0.28 ug/kg 19980311

gamma-BHC (Lindane) 1.7 ug/kg 0.21 ug/kg 19980311

alpha·Chlordane 1.7 ug/kg 0.68 uglkg 19980311

gamma-Chlordane 1.7 ug/kg 0.32 uglkg 19980311

4,4'-DDO 1.7 uglkg 0.4 ug/kg 19980303

4,4'-ODE 1.7 ugll<g 0.55 ug/kg 19980311

4,4'·DDT 1.7 ug/kg 0.86 ug/kg 19980311 16.67 ug/kg 52 128 38 16.67 ug/kg 10 151 50
Dieldrin 1.7 ugll<g 0.5 ugll<g 19980303 16.67 ug/kg 62 107 23 16.67 ug/kg 32 145 43
Endosulfan I 1.7 uglkg 0.46 ug/kg 19980311

Endosulfan II 1.7 ugll<g 0.47 u91l<9 19980311

Endosulfan sulfate 1.7 uglkg 0.49 ugll<g 19980311
Endrin 1.7 uglkg 0,43 uglkg 19980303 16.67 ug/kg 64 127 31 16.67 u911<9 32 137 45
Endrin aldehyd& 1.7 uglkg 0.92 uglkg 19980311

Endrin ketone 1.7 u91l<9 0.65 uglkg 19980304
Heptachlor 1.7 ug/kg 0.23 uglkg 19980303 6.67 ug/kg 53 130 38 6.67 uglkg 24 168 73
Heplachlor epoxide 1.7 ugll<g 0.3 ug/kg 19980304

Methoxychlor 3.3 ug/kg 2.8 ug/kg 19980303

Toxaphene 67 ug/kg 10 ug/kg 19980416

Decachlorobiphenyl 6.67 ug/kg 10 138 0 6.67 ugtkg 10 138 0
Telrachloro-m-xylene 6.67 ug/kg 10 129 0 6.67 ug/kg 10 129 0

Page number 1 Printed a, 99 11 :21 :38 AM
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Matrix: SOLID
Extraction; PURGE AND TRAP - 5 ml purge

Method: Volatile Organics, GC/MS (8260B)
Target Analyte list: Q: CLP MSVOA TCl Standard List QC Program: STANDARD TEST SET

location: Quanterra - North Canton

Target LIst 2001 Detection Limits Check List 902 Spike LIst 903

Compound RL Units MOL Units Run Date Amt Units LCL UCL RPD Amt Units LeL UCL RPD

Acetone 20 ug/kg 2.3 ug/kg 19980324

Benzene 5 ug/kg 0.25 uglkg 19980130 20 ug/kg 85 120 13 50 uglkg 84 121 13

Bromodichloromethane 5 uglkg 0.21 ug/kg 19980130

Bromoform 5 ug/kg 0.27 ug/kg 19980130

Bromomethane 10 ug/kg 0.9 ug/kg 19980130
2·8ulanone 20 ug/kg 1 ug/kg 19980130

Carbon disulfide 5 ug/kg 0.35 ug/kg 19980130

Carbon tetrachloride 5 ug/kg 0.11 ug/kg 19980130

Chlorobenzene 5 ug/kg 0.22 ug/kg 10980130 20 ug/kg 88 119 22 50 ug/kg 76 122 22

Dibromochloromethane 5 ug/kg 0.21 ug/kg 19980130
Chloroethane 10 uglkg 0.45 ug/kg 19980130
Chloroform 5 ug/kg 0.25 uglkg 19980130

Chloromethane 10 uglkg 0.56 ug/kg 19980130

1,1·Dichloroelhane 5 uglkg 0.2 uglkg 19980130

1,2-Dichloroclhane 5 ug/kg 0.24 uglkg 19980130
1,1-Dichloroelhene 5 ug/kg 0.2 uglkg 19980130 20 uglkg 76 128 17 50 uglkg 75 131 17
1,2·Dichloroethene (total) 5 ug/kg 1.1 ug/kg 19980130

1,2-Dichloropropane 5 ug/kg 0.29 ug/kg 19980130
cls·1,3-Dlchloropropene 5 ug/kg 0.25 ug/kg 19980130

trans-1,3-Dichloropropene 5 uglkg 0.11 ug/kg '19980130

Ethylbenzene 5 ug/kg 0.27 uglkg 19980130

2-Hexanone 20 uglkg 0.7 uglkg 19980130

Methylene chloride 5 ug/kg 0.28 ug/kg 19980130
4-Methyl-2-penlanone 20 ug/kg 0.46 ug/kg 19980130

Styrene 5 ug/kg 0.24 ug/kg 19980130
1,1,2,2-Telrachloroethane 5 ug/kg 0.35 ug/kg 19980130

Tetrachloroethene 5 ug/kg 0.2 uglkg 19980130

Toluene 5 uglkg 0.25 uglkg 19980130 20 uglkg 86 118 23 50 uglkg 79 129 23
l,l,1-Trichloroethane 5 ug/kg 0.12 ug/kg 19980130

1,1,2·Trlchloroethane 5 ug/kg 0.2 uglkg 19980130
Trlchloroethene 5 ug/kg 0.23 ug/kg 19980130 20 ug/kg 86 116 17 50 ug/kg 78 121 17
Vinyl chloride 10 ug/kg 0.15 ug/kg 19980130
Xylenes (Iotal) 5 ug/kg 0.72 uglkg 19980130

Bromofluorobenzene 50 uglkg 60 137 0 50 ug/kg 60 137 0
1,2-Dichloroelhane-d4 50 uglkg '15 117 0 50 ug/kg 75 117 0
Toluene-d8 50 uglkg 86 122 0 50 uglkg 86 122 0
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Target Analyle List: Q; ClP MSVOA TCl Standard List

MatriX:
Extraction:

Method:
QC Program:

Location:

:;ULlU
PURGE AND TRAp· 5 mL purge
Volatile Organics, GC/MS (8260B)
STANDARD TEST SET
Quanterra - North Canton

Target LIst 2001

Compound

Dibromofluoromethane

RL
Detection Limits

Units MDL Units Run Date

Check List 902

Amt Units LCL UCL RPD

50 ug/kg 70 135 0

Spike Ust 903

Amt Units LCL UCL RPD

50 uglkg 70 135 0
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Matrix: SOLID
Extraction: METALS, TOTAL· 50115

Method: Inductively Coupled Plasma (60108)
Target Analyle List: Q: CLP ICP Metals TAL Standard list QC Program: STANDARD TEST SET

Location: Quanterra • North Canton

Target List 2600 Detection Limits Check List 906 Spike List 907

Compound RL Units MDL Units Run Dale Amt Units LCL UCL RPD Amt Units LCL UCL RPD

Aluminum 20 mg/kg 4.4 mg/kg 19980209 200 mg/kg 80 113 20 200 mglkg 80 120 20
Antimony 6 mg/kg 2.1 mglkg 19980209 50 mgfkg 80 104 15 50 mglkg 60 120 20
Barium 20 mg/kg 0.22 mglkg 19980209 200 mgfkg 80 109 15 200 mgfkg 80 120 20
Beryllium 0.5 mg/kg 0.067 mgfkg 19980209 5 mgfkg 80 105 14 5 mglkg 80 120 20
Cadmium 0.5 mgfkg 0.49 mglkg 19980209 5 mgfkg 80 112 16 5 mgfkg 80 120 20
Calcium 500 mglkg 14 mgfkg 19980206 5000 mg/kg 80 109 16 5000 mgfkg 80 120 20
Chromium 1 mglkg 0.54 myfkg 19980209 20 mg/kg 81 116 17 20 mglkg 80 120 20
Cobalt 5 mglkg 0.59 mgfkg 19980209 50 mgfkg 80 104 14 50 mgfkg 80 120 20
Copper 2.5 mgfkg 0.31 mg/kg 19980209 25 mgfkg 80 113 18 25 mg/kg 80 120 20
Iron 10 mglkg 4.9 mg/kg 19980206 100 mg/kg 80 120 20 100 mglkg 80 120 20
Magnesium 500 mgfkg 11 mg/kg 19980209 5000 mgfkg 80 109 17 5000 mg/kg 80 120 20
Manganese 1.5 mg/kg 0.082 mg/kg 19980224 50 mglkg 80 114 17 50 mgfkg 80 120 20
Nickel 4 mg/kg 1.1 mg/kg 19980209 50 mgfkg 80 112 16 50 mgfkg 80 120 20
Potassium 500 mg/kg 8 mg/kg 19980209 5000 mg/kg 80 103 12 5000 mgfkg 80 120 20
Silver 1 mg/kg 0.42 mglkg 19980209 5 mg/kg 81 120 20 5 mgfkg 80 120 20
Sodium 500 mglkg 14 mgikg 19980209 5000 mg/kg 80 107 14 5000 mglkg 80 120 20
Vanadium 5 mgfkg 0.57 mg/kg 19980209 50 mgfkg 80 111 17 50 mglkg 80 120 20
Zinc 2 mglkg 1.2 mg/kg 19980209 50 mg/kg 80 120 21 50 mgfkg 80 120 20
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-------
Matrix: SOLID

Extraction: METALS, TOTAL - Soils
Method: Inductively Coupled Plasma (6010B Trace)

Targel Analyte List: All Analytes QC Program: STANDARD TeST SET
Location: Quanlerra - North Canton

----~_ ...--_.-.--_.
Analyte List Detection Limits Check List 904 Spike List 905

Compound RL Units MOL Units Run Date Amt Units LCL UCL RPD Amt Units LCL UCL RPD

Antimony 1.0 mglkg 0.24 mglkg 19980224 50 mg/kg 80 120 20 50 mglkg 80 120 20
Arsenic 1.0 mglkg 0.24 mgfkg 19980206 200 mg/kg 80 120 20 200 mglkg 80 120 20
Cadmium 0.2 mgfkg 0.045 mg/kg 19980224 5 mg/kg 80 120 20 5 mglkg 80 120 20
Chromium 0.5 mgfkg 0.3 mglkg 19900224 20 mg/kg 80 120 20 20 mgfkg 80 120 20
Cobalt 5 mglkg 0.15 mg/kg 19980224 50 mg/kg 80 120 20 50 mglkg 80 120 20
Lead 0.3 mglkg 0.19 mgfkg 19980325 50 mg/kg 80 120 20 50 mglkg 80 120 20
Molybdenum 1.0 mglkg 0.31 mg/kg 19980224 100 mg/kg 80 120 20 100 mgfkg 80 120 20
Selenium 0.5 mglkg 0.49 mg/kg 19980325 200 mg/kg 80 120 20 200 mgfkg 80 120 20
Silver 0.5 mglkg 0:18 mglkg 19900325 5 mg/kg 80 120 20 5 mglkg 80 120 20
Thallium 1.0 mglkg 0.65 mglkg 19980224 200 mglkg 80 120 20 200 mglkg 80 120 20
Vanadium 5 mglkg 0.12 mglkg 19980206 50 mglkg 80 120 20 50 mglkg 80 120 20

..{.,
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Target Analyle list: All Analytes

Matrix:
Extraction:

Method:
QC Program:

Locallon:

. SOliD
METALS, TOTAL (Method Exclusive) - Solids
Mercury (7471A, Cold Vapor) • Solids
STANDARD TEST SET
Quanterra - North Canton_____••• • ....J

0.0047 mg/kg 19990120

Page number 1

Analyte List

Compound

Mercury

RL

0.1

Detection Limits

Units MOL

mg/kg

Units Run Date

Check List 1021

Amt Units LCL UCL RPD

.833333ng/kg 70 130 20

Spike List 1026

Ami Units LCL UCL RPD

0.1666 mglkg 70 130 20
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Matrix: SOLID
Extraclion: SONICATION - Low Level

Method: Nitroaromatics & Nitramines "Explosives" (8330)
Target Analyte List: KNX: HPLC 8330 STANDARD LIST QC Program: STANDARD TEST SET

Location: Quanterra - Knoxville

Target List 4832 Detection Limits Check List 8215 Spike List 6216

Compound RL Units MOL Units Run Date Amt Units LCL UCL RPD Amt Units lCl UCL RPD

4-Amino-2,6-dinilrotoluene 0.25 mg/kg 0.02 mglkg 19980217 3.0 mg/kg 81 123 15 3.0 mglkg 71 123 15

2-Amino-4,6-<linitrotoluene 0.25 mglkg 0.03 mglkg 19960217 3.0 mg/kg 60 121 16 3.0 mglkg 75 121 16

1,3-0initrobenzene 0.25 mg/kg 0.02 mglkg 19980217 3.0 mg/kg 82 117 15 3.0 mglkg 82 117 15

2,4-Dinilrotoluene 0.25 mg/kg 0.03 mglkg 19980217 3.0 mg/kg 81 120 15 3.0 mgn<g 81 120 15

2,6-0inllrotoluene 0.25 mg/kg 0.06 mg/kg 19980217 3.0 mg/kg 62 121 15 3.0 mglkg 78 125 15

HMX 0.50 mglkg 0.05 mg/kg 19980217 3.0 mg/kg 77 122 17 3.0 mglkg 72 122 17

Nitrobenzene 0.25 mg/kg 0.10 mg/kg 19980217 3.0 mg/kg 83 117 15 3.0 mg/kg 83 117 15
2-Nitrololuene 0.25 mg/kg 0.02 . mglkg 19980217 3.0 mglkg 81 117 15 3.0 mglkg 81 117 15
4-Nilrotoluene 0.25 mg/kg 0.02 mg/kg 19980217 3.0 mglkg 81 117 15 3.0 mg/kg 80 117 15
3-Nitrololuene 0.25 mg/kg 0.03 mg/kg 19980217 3.0 mglkg 80 118 15 3.0 mglkg 80 118 15
ROX 0.50 mg/kg 0.02 mg/kg 19980217 3.0 mglkg 83 121 16 3.0 mglkg 71 121 16
Telryl 0.65 mg/kg 0.03 mg/kg 19980217 3.0 mg/kg 51 120 20 3.0 mglkg 51 124 20
1.3,5-Trinitrobenzene 0.25 mglkg 0.02 mg/kg 19980217 3.0 mg/kg 81 120 15 3.0 mglkg 81 120 15
2.4,6-Trinltrololuene 0.25 mglkg 0.02 mg/kg 19980217 3.0 mglkg 74 126 15 3.0 mglkg 74 126 15
1-Chloro-3·nilrobenzene 1.77 mg/kg 76 124 0 1.77 mglkg 76 124 0
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Matrix: SOLID
Extraction: PURGE AND TRAP· 5 mL purge

Method: Volatile Organics (8021 B)
Target Analyle List: Q: SW846 Method 8021 Standard List QC Program: STANDARD TEST SET

Locallon: Quanterra • North Canton
._,'------_.

Target List 2313 DetecUon LimIts Check List 914 Spike List 915

Compound RL Units MDL Units Run Date Am! Units LCL UCl RPD Amt Units LCL UCL RPD

Benzene 1 ug/kg 0.27 ugll<g 19980303 69 132 20 62 150 33

Bromobenzcne 1 ugll<g 0.45 uglkg 19980303
Bromochloromethane 1 uglkg 0.17 uglkg 19980303

Bromodichloromethane 1 uglkg 0.23 uglkg 19980303
Bromoform 1 uglkg 0.35 uglkg 19980303

Bromomethane 1 ug/kg 0.16 uglkg 19980303

n·Bulylbenzene 1 uglkg 0.45 ug/kg 19980303

sec-Butylbenzene 1 uglkg 0.47 ug/kg 19980303

tert-Butylbenzene 1 ug/kg 0.47 ug/kg 19980303
Carbon tetrachloride 1 ug/kg 0.4 ug/kg 19980303
Chlorobenzene 1 ug/kg 0.65 uglkg 19970609 51 131 20 10 142 32
Chlorodibromomethane 1 uglkg 0.32 uglkg 19980303
Chloroethane 1 uglkg 0.15 uglkg 19980303

Chloroform 1 uglkg 0.26 ug/kg 19980303
Chloromethane 1 uglkg 0.15 ug/kg 19980303
2·Chlorotoluene 1 ug/kg 0.41 ug/kg 19980303
4-Chlorotoluene 1 ug/kg 0.52 ug/kg 19980303
1.2-Dlbrome>-3-chloropropane (DBep) 1 ug/kg 0
l,2-Dlbromoethane (fOB) 1 ug/kg 0.24 ug/kg 19980303

Dibromomelhane 1 uglkg 0.24 ug/kg 19980303

1.2-Dichlorobenzene 1 uglkg 0.69 ug/kg 19970609

1,3-Dichlorobenzene 1 ug/kg 0.78 ug/kg 19970609

l,4-Dichlorobenzene 1 ug/kg 0.76 ug/kg 19970609
Dlchlorodifluoromelhane 1 ug/kg 0.18 ug/kg 19980303
l,l-Dlchloroelhane 1 ugll<g 0.18 ug/kg 19980303 ,()
1.2-Dlchloroethane 1 uglkg 0.21 ug/kg 19980303 "
cls-l.2-Dichloroethene 1 ugikg 0.67 uglkg 19980303

trans-1,2-Dichloroethene 1 uglkg 0.21 ug/kg 19980303

1,1-Dlchloroethene 1 uglkg 0.82 ug/kg 19970609 29 140 20 10 203 38
1.2-Dichloropropane 1 uglkg 0.2 uglkg 19980303
1.3-Dichloropropane 1 uglkg 0.17 uglkg 19980303

2.2-Dichloropropane 1 uglkg 0.45 uglkg 19980303
cis-1,3-Dlchloropropene 1 uglkg 0.55 uglkg 19980303

trans-l,3-Dichloropropene 1 uglkg 0.54 ugJkg 19980303
1,1-Dichloropropene 1 ugikg 0.4 uglkg 19980303

Ethylbenzene 1 uglkg 0.46 ugJkg 19980303
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JExtraction: PURGE AND TRAP· 5 mL purge

Method: Volatile Organics (8021 B)
Target Analyte List: Q; SW846 Method 8021 Standard List QC Program: STANDARD TEST SET

Location: Quanlerra - North Canton
.......__ ..._. -_..--_.-._.

Target List 2313 Detection Limits Check List 914 Spike Ust 916

Compound RL Units MOL Units Run Date Amt Units lCL UCl RPD Amt Units LCL Uel RPD

Hexachlorobutadiene 1 ug/kg 0.48 ug/kg 19980303

Isopropylbenzene 1 ug/kg 0.56 ug/kg 19980303

p-Isopropylloluene 1 ug/kg 0.96 ug/kg 19980303

Methylene chloride 5 ug/kg 0.15 uglkg 19980303

Naphthalene 1 uglkg 0.25 u91k9 19980303

n·Propylbenzene 1 ug/kg 0.43 uglkg 19980303

Styrene 1 ug/kg 0
1,1,1,2·Tetrachloroethane 1 lJg/kg 0.18 uglkg 19980303

1,1,2,2-Telrachloroethane 1 ug/kg 0.88 ug/kg 19980303

Tetrachloroethene 1 ug/kg 0

Toluene 1 ug/kg 0.41 ug/kg 19980303 66 129 20 50 142 40

1,2,3-Trichlorobenzene 1 ug/kg 0.88 ug/kg 19980303

l,2,4-Trichlorobenzene 1 ug/kg 0.44 ug/kg 19980303

1,1,1·Trichloroelhane 1 ug/kg 0.22 ug/kg 19980303
1,1,2.Trichloroethane 1 ug/kg 0.31 ug/kg 19980303
Trlchloroethene 1 ug/k9 0.64 ug/kg 19970609 10 216 20 10 216 45
Trichlorofluoromethane 1 ug/kg 0.17 u91k9 19980303
1,2,3.Trichloropropane 1 ug/kg 0
1,2,4-Tr/methylbenzene 1 ug/kg 0.47 u91k9 19980303
1,3,5-Trimethylbenzene 1 uglkg 0
Vinyl chloride 1 uglkg 0.14 ug/kg 19980303
Xylenes (tolal) 1 uglkg 0
1,4-Dichlorobutane 50 150 0 50 150 0

Trifluorololuene 50 150 0 50 150 0

Page number 2 Printed 8, 99 11:19: 14 AM



44 139 28
10 138 0

10 129 0

44 139 28

ug/kg

ug/kg

ug/kg

uglkg333

333

6.67

6.67

SpIke List 1833
Amt Units LCL UCL RPD

SOLID
SOXHLET (Na2S04) w/ACID STRIP (PCB)
PCBs (8082)
STANDARD TEST SET
Quanterra - North Canton

59 129 35

10 138 0

10 129 0

60 133 37

Matrix:
Extraction:

Method:
QC Program:

Location:

Check List 1832

Amt Units LCL UCL RPD

333 uglkg

6.67 ug/kg

6.67 ug/kg

333 uglkg

Q: Aroclors Only Standard List

Detection LImits

RL Units MOL Units Run Date

33 uglkg 12 ug/kg 19980315

33 uglkg 29 ug/kg 19980507

33 uglkg 8 ug/kg 19980315

33 uglkg 18 ug/kg 19980315
33 ug/kg 3.9 ug/kg 19980319

33 ug/kg 7.3 ug/kg 19980507

33 ug/kg 7.3 ug/kg 19980507

·L-=·IA"'M._L_iS_t: _
Target List 2207

Compound

Aroclor 1016

Aroclor 1221

Aroelor 1232

Aroclor 1242

Aroclor 1248

Aroclor 1254

Aroclor 1260

Decachlorobiphenyl

Tetrachloro-m-xylene
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Target Analyte Lis!: All Analytes

Matrix:
Extraction:

Method:
QC Program:

Location:

SOLID
PURGE AND TRAP· 5 mL purge
Hydrocarbons, Volatile Petroleum (80158)
STANDARD TEST SET
Quanterra - North Canton

Analyte List

Compound

TPH (as Gasoline)

RL

100

Detection LimIts

Units MOL

uglkg

Units Run Date

o

Check List 1600

Amt Units LCL UCL RPD

30 120 49

Spike List 1601

Amt Units LCL UCL RPD

10 114 49
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Target Analyte List: All Analytes

···_-_·---·-...MC:"s--:t-:"rlx-:

Extraction:
Method:

QC Program:
Location:

SOLID
SONICATION - Special Low Level {>sample mass or <final
Hydrocarbons, Extractable Petroleum (60156)
STANDARD TEST SET
Quanterra • North Canton

-_._-_._---------_._-------------------------'

TPH (Extractables) 3

Total Petroleum Hydrocarbons - Extrac 3

Total Petroleum Hydrocarbons 3

TPH (as Diesel) 3

TPH (as Motor Oil) 3

TPH (as Hydraulic 011) 3

TPH (as Crude Oil) 3

TPH (as Fuel 011 #6) 3

TPH (as Mineral Spirits) 3

TPH (as Kerosene) 3

TPH (as Jet Fuel JP-4) 3

Page number 1

Analyt.e List

Compound RL

Detection limits

Units MOL

mglkg
mglkg
mglkg
mglkg
mg/kg

mg/kg

mg/kg
mg/kg

mg/kg
mglkg
mglkg

Units Run Date

o
o
o
o
o
o
o
o
o
o
o

Check List 1801

Amt Units LCL UCL RPD

38 120 49

Spike List 1802

Amt Units LCL UCL RPD

10 114 49
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Matrix: SOLib-
Extraction: SOXHlET (NONE,Na2S04)

Method: Hydrocarbons, Polynuclear Aromatic (HPLC - 8310)
Target Analyte Ust: Tampa; PAH (w/methyl naphthalenes) Standard List QC Program: STANDARD TEST SET

Location: Quanterra - North Canton
.~...__ .._------------~--

Target List 4002 Detection Limits Check List 1830 Spike List 1831

Compound RL Units MOL Units Run Date Ami Units LCL UCL RPD Amt Units LCL UCL RPD

Acenaphthene 100 ug/kg 50 ug/kg 19980720 333 ug/kg 15 105 45 333 ug/kg 10 124 50

Acenaphthylene 100 uglkg 36 ug/kg 19980720 333 uglkg 10 101 47 333 ug/kg 10 130 50

Anthracene 100 ug/kg 26 ug/kg 19980720 66.7 uglkg 37 130 47 66.7 uglkg 10 126 50

Benzo(a)anthracene 5.0 ug/kg 3.5 ug/kg 19980720 66.7 ug/kg 52 105 27 66.7 uglkg 12 135 50

Benzo(b)f1uoranthcno 5.0 ug/kg 2.6 ug/kg 19980720 66.7 uglkg 46 118 36 66.7 uglkg 10 150 50

Benzo(k)f1uoranlhene 1.7 ug/kg 0.96 ug/kg 19980720 66.7 uglkg 48 114 33 66.7 uglkg 10 159 50

Benzo(ghl)perylene 10.0 ug/kg 6.5 ug/kg 19900722 66.7 ug/kg 37 127 45 66.7 uglkg 10 116 50

Benzo(a)pyrene 5.0 ug/kg 2.1 ug/kg 19980720 66.7 uglkg 23 126 52 66.7 ug/kg 10 128 50

Chrysene 5.0 uglkg 3.1 uglkg 19980720 66.7 ug/kg 51 107 28 66.7 uglkg 10 199 50

Dibenz(a,h)anlhracene 5.0 uglkg 1.9 ug/kg 19980720 66.7 ug/kg 43 125 41 66.7 uglkg 10 110 50
Fluoranthene 10 uglkg 5.3 uglkg 19980720 66.7 uglkg 46 103 29 66.7 uglkg 14 123 50

Fluorene 100 uglkg 40 uglkg 19980720 66.7 uglkg 21 104 42 66.7 uglkg 10 142 50

Indeno(l,2,3-cd)pyrene 5.0 uglkg 4.2 ug/kg 19980722 66.7 uglkg 41 121 40 66.7 ug/kg 10 116 50

2-Methylnaphthalene 100 uglkg 38 ug/kg 19980720

1-Melhylnaphlhalene 100 ug/kg 37 ug/kg 19980720

Naphthalene 100 uglkg 40 ug/kg 19980720 333 ug/kg 10 99 48 333 ug/kg 10 122 50

Phenanthrene 100 uglkg 53 ug/kg 19980720 66.7 ug/kg 36 113 39 333 ug/kg 10 155 50
pyrene 5.0 ug/kg 4.8 uglkg 19980720 66.7 ug/kg 51 108 29 66.7 ug/kg 10 140 50
Benzo(e)pyrene 66.7 ug/kg 25 . 176 0 66.7 ug/kg 25 176 0

Terphenyl-d 14 66.7 uglkg 10 141 0 66.7 uglkg 10 141 0
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14 151 28

42 147 23

Printed at;

SpikeUst915

Amt Units LCL UCL RPD

55 161 25

35 127 20

61 134 20

Check list 914

Amt Units LCL UCL RPD

7:J, 134 20

-··---·--------;;M;-:"a:-"triC':'x·-.---;W......ATT"'"ER;:;----------

Extraction: PURGE AND TRAP - 5 mL purge
Method: Volatile Organics (8021 B)

QC Program: STANDARD TEST SET
Location: Quanterra • North Canton

Target Analyte list: Q: SW846 Method 8021 Standard List

Target List 2313 Detection limits

Compound RL Units MDL Units Run Date

Benzene 1 ug/L 0.013 ug/L 19980219

Bromobenzene 1 ug/l. 0.18 ug/I. 19980225

Bromochloromethane 1 ug/L 0.23 ug/L 19980225

Bromodichloromethane 1 ug/L 0.56 ug/L 19980218

Bromoform 1 ug/L 0.4 ug/L 19980218

Bromomethane 1 uglL 0.29 ug/L 19980225

n-Butylbenzene 1 ug/L 0

sec-Butylbenzene 1 ug/L 0

tert-8utylbenzene 1 ug/L 0

Carbon tetrachloride 1 ug/L 0.59 ug/L 19980218

Chlorobenzene 1 ugll 0.51 ug/L 19980218

Chlorodibromomethane 1 uglL 0.34 ug/L 19980218

Chloroelhane 1 ugll 0.5 ugll 19980218

Chloroform 1 uglL 0.37 ug/L 19980218

Chloromethane 1 ug/L 0.4 u9/l. 19980218

2·Chlorotoluene 1 ug/L 0.39 ug/L 19980218

4·Chlorotoluene 1 uglL 0.4 ugll 19980218

1.2-Dibromo-3-chloropropane (DBCP) 1 ug/L 0.6 uglL 19980218

1.2-Dibromoethane (EDB) 1 ugll 0.43 ug/L 19980218

Dibromomethane 1 ug/L 0.42 ug/L 19980218

1.2-Dichlorobenzene 1 ug/L 0.38 ug/L 19980218

l,3-Dlchlorobenzene 1 ug/L 0.26 ug/L 19960218

l,4-Dichlorobenzene 1 ug/L 0.45 ug/L 19980218

Dichlorodifluoromethane 1 ug/L 0.26 ug/L 1.9980218

1,1-Dichloroethane 1 ug/L 0.38 ug/L 19980218

1,2-Dich/oroelhane 1 ug/L 0.37 ug/L 19980218

cis-1,2-Dichloroethene 1 ug/L 0.78 ug/L 19980218

trans-1,2-Dichloroethene 1 ug/L 0.41 ug/L 19980218

l,l-Diehloroethene 1 ug/L 0.27 ug/L 19980218

1,2-Dlchloropropane 1 ug/L 0.52 ug/L 19980218

1.3-Dichloropropane 1 ug/L 0.18 ug/L 19980225

2,2·Dlchloropropane 1 ug/L 0.78 ug/L 19980218

cis-1,3-Dichloropropene 1 ug/L 0.6 ug/L 19980313

trans-1.3-Dich/oropropene 1 ug/L 0.32 ug/L 19980216

1,1-Dichloropropene 1 ug/L 0.59 ug/L 19980218

Ethylbenzene 1 ug/L . 0.026 ug/l 19980219
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Matrix: WATER
Extraction: PURGE AND TRAp· 5 mL purge

Method: Volatile Organics (8021B)
Target Analyte List: Q: SW846 Method 8021 Standard Usl QC Program: STANDARD TEST SET

Location: Quanterra • North Canton

Target List 2313 Detection Limits Check List 914 Spike List 915

Compound RL Units MOL Units Run Date Amt Units LCL UCl RPD Amt Units LCl Uel RPD

HexachlorobulDdiene 1 ug/L 0.25 ug/l 19980225
lsopropylbenzene 1 ug/l 0
p·lsopropyltoluene 1 ug/L 0
Methylene chloride 5 ug/l 0.36 ug/L 19980218
Naphthalene 1 ug/L 0.54 ug/L 19980219
n-Propylbenzene 1 ug/L 0
Styrene 1 ug/L 0
1,1,1,2·Tetrachloroethane 1 iJg/L .0.65 ug/L 19980218
1,1,2,2-Tetrachloroethane 1 ug/L 0.32 ug/L 19980225
Tetrachloroethene 1 ug/L 0.2 ug/L 19980225
Toluene 1 ug/L 0.024 ug/L 19980219 71 132 20 55 159 25
1,2,3·Trichlorobe nzene 1 ug/L 0.21 ug/L 19980218
1,2,4-Trichlorobenzene 1 ug/L 0.57 ug/L 19980218
1,1,1·Trichloroelhane 1 ug/L 0.37 ug/L 19980218
1,1,2·Trichloroethane 1 ug/L 0.4 ug/L 19980218
Trichloroethene 1 uglL 0.41 ug/L 19980218 58 '131 20 10 229 41
Trichlorofluoromethane 1 uglL 0.39 uglL 19980218
1,2,3-Trlchloropropane 1 ug/L 0.73 ug/L 19980218
1,2,4·Trimelhylbenzene 1 ug/L 0.0501 ug/L 19980219
1,3,5·Trimelhylbenzene 1 ug/L 0.04 ug/L 19980219
Vinyl chloride 1 ug/L 0.82 ug/L 19980218
Xylenes (tolal) 1 ug/L 0.3 ug/L 19990427
l,4·Dlchlorobulane 50 150 0 50 150 0
Trifluorolofuene 50 150 0 50 150 0
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Matrix: WATER

Extraction: L1Q/LlQ, CONT (AlBIN) - Acid->Basc
Method: Base/Neutrals and Acids (8270C)

Target Analyte List: Q: ClP MSSemi Tel Standard List QC Program: STANDARD TEST SET
Locallon: Quanlerra • North Canlon

--------
Target List 2101 Detection LImits Check List 1660 Spike List 1661

Compound RL Units MDL Units Run Date Amt Units LCL UCL RPD Amt Units LCL UCL RPD

Acenaphthene 10 ug/L 2.7 uglL 19980305 50 ug/L 47 145 26 50 ug/l 47 145 28

Aeenaphthylene 10 ug/L 2.8 ug/L 19980305

Anthracene 10 ug/l 2.7 ug/l 19980305
Benzo(a)anthraeene 10 ug/L 2.7 ug/l 19980305

Benzo(b)fiuoranlhene 10 uglL 2.7 uglL 19980305

Benzo(k)fluoranlhene 10 ugll 3.0 uglL 19980305
Benzo(ghi)perylene 10 ug/L 3.2 uglL 19980305

Benzo(a}pyrene 10 ug/l 2.7 ug/L 19980305
bis(2-Chloroelhoxy)methane 10 ug/L 2.6 ug/L 19980305

bls(Z-Chloroethyf) elher 10 ug/L 2.8 ug/L 19980305
bis(Z-Ethylhexyl) phthalale 10 ug/L 3.0 ug/L 19980305
4-Bromophenyl phenyl ether 10 ug/L 2.7 ug/L 19980305
Butyl benzyl phthalate 10 ug/L 2.3 ug/l 19980305
Carbazole 10 ug/L 2.8 ug/L 19980305
4-Chloroaniline 10 ug/L 3.8 ug/L 19980305
4-Chloro-3-methylphenol 10 ug/L 2.9 ug/l 19980305 75 ug/L 22 147 31 75 ug/L 22 147 37
2-Chloronaphlhalene 10 ug/L 2.5 ug/L 19980305
2-Chlorophenol 10 ug/l 3.0 ug/L 19980305 75 ug/L 23 134 47 75 ugIL 23 134 29
4-Chlorophenyl phenyl ether 10 ug/l 2.8 ug/L 19980305
Chrysene 10 ug/L 3.0 ug/L 19980305
Dlbenz(a,h)anthracene 10 ug/l 3.2 ug/L 19960305
Dibenzofuran 10 ug/L 2.9 ug/L 19980305

Di-n.butyl phthalate 10 ug/L 2.8 ug/L 19980305
1.2·Dichlorobenzene 10 ug/L 2.5 ug/L 19980305
1,3-Dlchlorobenzene 10 ug/l 2.6 ug/L 19980305
1.4-Dich/orobenzene 10 ugIL 2.6 ug/L 19980305 50 ug/L 20 124 25 50 ug/l. 20 '124 32
3,3'··Dichlorobenzidine 50 uglL 2.7 ug/L 19980305
2,4-Diehlorophenol 10 uglL 2.9 ug/L 19980305
Diethyf phthalate 10 ug/L 2.4 ug/L 19980305
2,4-Dimethylphenol 10 ug/L 2.8 uglL 19980305
Dimethylphlhalate 10 ug/L 2.6 ug/l. 19980305
4,6·Dinitro-2-methylphenol 50 uglL 3.4 ug/l 19980305
2,4·Dinitrophenol 50 ugll 3.3 ug/l 19980305
2,4-Dinitrotoluene 10 ug/L 3.1 ug/L 19980305 50 ug/L 60 134 37 50 ug/L 39 139 22
2,6-Dinllrotoluene 10 ug/L 2.7 ug/L 19980305
Dj-n-oetyl phthalate 10 ug/L 3.1 ug/L 19980305

Page number 1 Printed al', 99 11:25:24 AM



MalrlX: WAlt:.K

Extraction: L1Q/LlQ, CONT (AlBIN) - Acld->Base
Method: Base/Neutrals and Acids (6270C)

Target Analyte list: Q: ClP MSSeml TCl Standard List QC Program: STANDARD TEST SET
location: Quanterra - North Canton

Target List 2101 Detoction Limits Chock list 1660 Spike List 1661

Compound RL Units MOL Units Run Date Amt Units LCl UCl RPD Amt Units LCL UCL RPD

Fluoranthene 10 ug/I. 3.2 ug/l 19980305

Fluorene 10 ug/I. 2.7 ug/l 19980305

Hexachlorobenzene 10 ug/l 2.9 ug/l 19980305

Hexachlorobutadiene 10 ug/l 2.6 ug/l 19980203

Hexachlorocyclopentadiene 50 ug/l 1 ug/l. 19980304

Hexachloroethane 10 ug/L 2.4 ug/L 19980305

Indeno(1,2,3-cd)pyrene 10 ug/L 2.9 ug/l 19980305

Isophorone 10 ug/l 2.8 ug/l 19980305

2.Methylnaphthalene 10 ug/l 3 ug/l 19980305

2-Methylphenol 10 ug/l 2.9 ug/l 19980305

4·Methylphenol 10 ug/l 3.1 ug/l 19980305

Naphthalene 10 ug/l 2.7 ug/l 19980305

2-Nilroaniline 50 ug/l 3.3 ug/l 19980305

3-Nitroaniline 50 ug/l 3 ug/l 19980305

4-Nilroaniline 50 ug/l 2.8 ug/l 19980305

Nitrobenzene 10 ug/l 2.9 ug/l 19980305

2-Nilrophenol 10 ug/l 2.9 ug/l 19980305

4-Nilrophenol 50 ug/l 3.4 ug/l 19980305 75 ug/L 30 162 47 75 ug/l 10 132 47

N-Nilrosodiphenylamine 10 u9/1. 2.9 ug/L 19980305

N-Nllrosodi-n-propylamine 10 U9/L 2.7 ug/l 19980305 50 ug/L '10 230 33 50 ug/L 10 230 55

Pentachlorophenol 10 ug/L 3.3 ug/l 19980305 75 ug/L 14 176 47 75 ug/L 14 176 49

Phenanthrene 10 ug/l 2.9 ug/L 19980305

Phenol 10 ug/l. 2.7 ug/l 19980305 75 ug/L 10 112 49 75 ug/L 10 112 23
2,2'·Oxybls(1-Chloropropane) 10 uglL 3.2 ug/L 19980305

Pyrene 10 ug/L 2.8 ug/L 19980305 50 ug/L 68 131 45 50 ug/l. 52 115 25

1,2,4-Trichlorobenxene 10 uglL 2.5 uglL 19980305 50 ug/l 44 142 25 50 ug/L 44 142 28

2,4,5-Trichlorophenol 10 ug/l 3.1 ug/L 19980305

2,4,6-Trichlorophenol 10 uglL 2.9 ug/L 19980305

2-Fluorobiphenyl 50 ug/L 45 118 0 50 ug/l 45 118 0

2-Fluorophenol 75 ug/!. 21 100 0 75 ug/L 21 100 0

2,4,6·Tribromophenol 75 ug/l 16 129 0 75 ug/l. 16 129 0

Nilrobenzene-d5 50 ug/l 40 114 0 50 ug/L 40 114 0

Phenol-d5 75 ug/l 17 101 0 75 ug/L 17 101 0
Terphenyl-d14 50 U9/L 33 141 0 50 ug/l 33 141 0
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-"Matrix: WATER
Extraclion: PURGE AND TRAP - 5 mL purge

Method: Volatile Organics, GCIMS (8260B)
Target Analyte List: Q: CLP MSVQA TCl Standard List QC Program: STANDARD TEST SET

location: Quanterra - North Canton

Target List 2001 Detection Limits Check List 902 Spike List 903

Compound RL Units MOL Units Run Date Amt Units LCL UCL RPD Amt Units LCL UCL RPD

Acetone 20 ug/l 5.9 ug/l 19980213

Benzene 5 ug/L 0.45 ug/L 19980213 20 ug/L 83 110 13 50 ug/L 78 117 17

Bromodichloromethane 5 ug/L 0.39 ug/L 19980213

Bromoform 5 ug/l 0.35 ug/L 19980213

Bromomethane 10 ug/L 1.1 ug/L. 19980128

2-Bulanone 20 ug/l 7.6 ug/l 19980213

Carbon disulfide 5 ugll 0.4 ugfL 19980213

Carbon telrachlorlde 5 uglL 0.41 ug/L 19980213

Chlorobenzene 5 uglL 0.43 U9/L 19980213 20 ug/L 85 115 15 60 ug/L 81 115 18

Dibromochloromethane 5 uglL 0.36 ug/l 19980213

Chloroethane 10 ug/L 0.67 ug/L 19980213

Chloroform 5 ug/L 0.51 ug/l 19980213

Chloromethane 10 ug/L 1.1 ug/l 19980213

1,1-Dichloroelhane 5 ug/L 0.62 ug/l 19980213

1,2-Dichloroethane 5 ug/L 0.43 ugll 19980213

1,1-Dichloroelhene 5 uglL 0.53 uglL 19980213 20 ug/l 70 122 26 50 ug/L 75 113 20

1,2-Dichloroelhene (total) 5 ugll 0.87 ug/l 19980213

1,2-Dichloropropane 5 ugll 0.32 ug/L 19980213

cls·1.3·Dlchloropropene 5 uglL 0.35 ug/L 19980213

trans-1,3-Dichloropropene 5 ug/L 0.64 ug/L 19980213

Ethylbenzene 5 ug/L 0.41 ug/L 19980213

2-Hexanone 20 ug/L 8.6 ug/l 19980213

Methylene chloride 5 ug/L 0.4 ug/L 19980213

4-Methyl-2-pentanone 20 uglL 1.4 ug/L 19980213

Styrene 5 uglL 0.43 ugfL 19980213

1,1,2.2-Tetrachloroethane 5 ug/L 0.57 ug/L 19980213

Tetrachloroethene 5 ug/L 0.47 ug/L 19980213

Toluene 5 ug/L 0.45 ug/l. 19980213 . 20 ug/L 86 119 16 50 ug/L 78 126 24

1,1,1-Trichloroethane 5 ug/L 0.63 ug/L 19980213

1,1,2-Trichloroethane 5 ug/l 0.41 ug/L 19980213

Trichloroethane 5 ug/l 0.54 ug/L 19980213 20 ugfL 82 112 15 50 ug/L 71 110 22

Vinyl chloride 10 ug/l 0.58 ug/L 19980213

Xylenes (total) 5 ug/L 1.4 ug/L 19980213

Bromonuorobenzene 50 ug/L 86 115 0 50 ug/L 86 115 0

l,2-Dlchloroethane-d4 50 ug/L 80 120 0 50 ug/L 80 120 0
Toluene-d8 50 ug/L 88 110 0 50 ugll 88 110 0
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Target Analyte list: Q: ClP MSVOA Tel Standard list

Extraction:
Method:

QC Program:
Location:

PURGE AND TRAp· 5 mL purge
Volatile Organics, GC/MS (8260B)
STANDARD TEST SET
Quanlerra • North Canton

Target List 2001

Compound

Dibromofluoromelhane

RL

Detection Limits

Units MOL Units Run Dato

Check list 902

Amt Units LCL UCL RPD

50 ug/L 86 118 0

Spike List 903

Amt Units LCl UCL RPD
50 ug/L 86 118 0

Page number 2 Printed 8l , 19 10:48:50 AM
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Matrix: WATER
Extraction: L1Q/LlQ, CONT (PAH,P/P,TPH)· Nominal

Method: Pesticides (8081A)
Target Analyle List: NC: TCL Pesticide 8081A List QC Program: STANDARD TEST SET

Location: Quanterra· North Canton
--...--------------

Target List 4115 Detection Limits Check List 912 SpIke List 913

Compound Rl Units MDl Units Run Date Amt Units lCL UCL RPD AmI Units LCL UCL RPD

Aldrin 0.05 ug/L 0.00450 ug/L 19980130 0.2 ug/L 60 117 29 0.2 ug/L 54 120 40

a/pha-SHC 0.05 ug/L 0.007 ug/L 19980218

beta·8liC 0.05 ug/L 0.011 ug/L 19980221

della-SHC 0.05 ug/L 0.00820 ug/L 19980221

gamma-SHC (Lindane) 0.05 ug/L 0.0069 ug/L 19980218

alpha-Chlordane 0.05 ug/L 0.016 ug/L 19980221

9ilmma-Chlordane 0.05 ug/L 0.0045 ug/L 19980130

4,4'-DDD 0.05 ug/L 0.0096 ug/L 19980218

4,4'-DDE 0.05 ug/l 0.008 ug/l 19980303

4,4'-DDT 0.05 ug/L 0.005 ug/L 19980218 0.5 ug/L 55 128 36 0.5 ug/L 48 154 47

Dieldrin 0.05 ug/L 0.0075 ug/l 19980218 0.5 ug/L 63 122 25 0.5 ug/l 54 143 32

Endosulfan I 0.05 ug/L 0.0072 ug/l 19980218

Endosulfan /I 0.05 ug/l 0.0078 ug/L 19980303

Endosulfan sulfate 0,05 ug/L 0.011 ug/l 19980221

Endr;n 0.05 ug/l 0.013 ug/L 19980218 0.5 ug/L 48 129 41 0,5 ug/l 64 142 39
Endrin aldehyde 0.05 ug/L. 0.0097 ug/l 19980221

Endnn ketone 0.05 ug/l 0.02 ug/l 19980221

Heptachlor 0.05 ug/L 0,0025 ug/l 19980218 0.2 ug/L 56 125 34 0.2 ug/l 56 158 36

Heptachlor epoxide 0.05 ug/l 0.0092 ug/l 19980221

Methoxychlor 0.1 ug/l 0.049 ug/L 19980218

Toxaphene 2 ug/l 0.33 ug/L 19980221

Decach/oroblphenyl 0.2 ug/l 10 116 0 0.2 ug/l 10 116 0

Telrachloro-m-xylene 0.2 ug/l 10 130 0 0.2 ug/L 10 130 0

.<'
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Target Analyte List: Q: Aroclors Only Standard List

Matrix:
Extraction:

Method:
QC Program:

Location:

WATER
L1Q/LlQ, CaNT w/ACID STRIP (PCB) • Nominal
PCBs (8082)
STANDARD TEST SET
Quanterra • North Canton

Detection Limits

Units MOL Units Run Date

Check List 1832

Amt Units LCL UCL RPD

Spike List 1833

Amt Units LCL UCL RPD

ug/L 42 136 29

ug/L 10 116 0

ug/L 10 130 0

ugil 42 136 29

10

0.2

0.2

10

65 111 23

10 116 0

10 130 0

66 111 2310 ug/L

10 ug/L

0.2 ug/l.

0,2 ug/L

19980319

19960319

19980202

19980319

19980319

19980319

19980516

ug/L
ug/L

ug/L

ug/L

ug/L

ug/L

ug/l

0.41

0.47

0.12

0.47

0.37

0.21

0.36

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

ug/L

RL

Target List 2207

Compound

Aroclor 1016
Aroclor 1221

Aroclor 1232

Aroclor 1242

Aroclor 1248

Aroclor 1254

Aroclor 1260

Decachlorobiphenyl
Tetrachloro-m-xylene
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Target Analyte List; All Analyles

Matrix:
Extraction:

Method:
QC Program:

Location:

WATER
L1Q/LlQ, CONT (PAH,P/P,TPH) - Nominal
Hydrocarbons, Extractable Petroleum (8015B)

STANDARD TEST SET
Quanterra • North Canton

TPH (Exlractables) 100

Total Petroleum Hydrocarbons - Extrac 100

Total Petroleum Hydrocarbons 100

TPH (as Diesel) 100

TPH (as Motor Oil) 300

TPH (as Hydraulic Oil) 100

TPH (as Crude Oil) 100

TPH (as Fuel Oil #6) 100

TPH (as Mineral Spirits) 100

TPH (as Kerosene) 100

TPH (as Jet Fuel JP-4) 100

Analyte list

Compound RL
Detection Limits

Units MOL

ug/L

ug/L

ug/L

ug/L

uglL

ug/L

ug/L

ug/L

uglL

uglL

ug/L

Units Run Dato

o
o
o
o
o
o
o
o
o
a
a

Check List 1801

Ami Units LeL UCL RPD

17 110 77

Spike List 1802

Amt Units LCL UCL RPD

10 116 77

Page number 1 Printtld at: 99 11 :31 :20 AM
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Target Analyle List: All Analytes

Mahk
Extmctlc>n:

Method:
QC Program:

location:

WATER
PURGE AND TRAp· 5 ml purge
Hydrocarbons, Volatile Petroleum (80156)

STANDARD TE.ST SET
Quanterra • North Canton

Analyte List

Compound

TPH (as Gasoline)

RL

100

Detection Limits

Units MOL

ugll

Units Run Date

o

Check List 1600

Ami Units LCL UCL RPO

70 130 77

Spike List 1601

Amt Units LCL UCL RPD

10 116 77 .

Page number 1 Printed D. .19 11 :31:44 AM
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Matrix: WATER
Extraction: L1Q/LlQ, SEP FUNNEL (PAH,P/P,TPH,Dioxin)· Nominal

Method: Hydrocarbons, Polynuclear Aromatic (HPLC· 8310)
Target Analyte List: Tampa: PAH (w/methyl naphlhalene$) Standard List QC Program: STANDARD TEST SET

Location: Quanterra • North Canton

Target List 4002 Detection Limits Check List 1830 Spike List 1831

Compound RL Units MOL Units Run Date AmI Units LCL UCL RPD Amt Units LCL UCL RPD

Acenaphthene '2.-ffl- ugll 0.85 ug/l 19980604 10 ug/L 10 101 48 10 ug/L 10 124 50

Acenaphthylene "Z.-Ml- ug/L 0.64 ug/L 19980604 10 ug/L 10 99 49 10 ug/L 10 139 50

Anthracene I -2- ugll 1.2 ug/L 19980604 2 ug/L 18 126 59 2 ug/L 10 126 50

Benzo(a)anthracene .,.3 -G:-4Q ugll 0.096 ug/L 19980604 2 ug/l 44 116 36 2 ug/L 12 135 50

Benzo(b)f1uoranthene .1$ .o..w- ugll 0.098 uglL 19980604 2 ug/L 39 125 43 2 ug/L 10 150 50

Benzo(k)f1uoranthene .r7~ ug/L 0.047 ug/L '19980604 2 ug/L 38 124 43 2 ug/L 10 159 50

Benzo(ghi)perylene .z. ~ uglL 0.1 ug/L 19980604 2 ug/L 23 116 54 2 ug/L 10 116 50

Benzo(a}pyrene O. z.. .e:t"' ugll 0.091 ug/L 19980604 2 ug/L 22 128 64 2 ug/L 10 128 50

Chrysene • Z. ..Q,+ uglL 0.094 ug/L 19980604 2 ug/L 38 118 40 2 ug/L 10 199 50

Dibenz(a,h)anthracene .1.. ~ ug/L 0.096 ug/L 19980604 2 ug/L 22 110 54 2 ug/L 10 110 50

Fluoranthene • ~ '11T ug/L 0.098 ug/L 19980604 2 ug/L 43 102 29 2 ug/L 14 123 50

Fluorene I A- ugll 0.68 ug/L 19980604 2 ug/L 13 100 43 2 ug/L 10 142 50

Indeno(1,2,3-cd}pyrene • 'Z. ,.0.4- uglL 0.093 ug/L 19980604 2 ug/L 36 116 44 2 ug/L 10 116 50

2-Methylnaphthalene 2 uglL 0.85 ug/L 19980604

1-Melhylnaphthalene 2 uglL 0.71 ugil 19980604

Naphthalene 2 uglL 1.2 ug/L 19980604 10 ug/L 10 90 46 10 ug/L 10 122 50

Phenanthrene 1 uglL 0.68 ug/L 19980604 2 ug/L 28 113 43 2 ug/L 10 155 50

pyrene .5 Q:4- ug/L 0.086 ug/L 19980604 2 ugfL 38 118 40 2 ug/L 10 140 50

Benzo(e}pyrene 2 ug/L 39 ,182 0 2 ug/L. 39 182 0

Terphenyl-d14 2 ug/L 33 120 0 2 ug/L 33 120 0
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M't,i,'·-WATER ]
Extracti()n: EXTRACTION, SOLID PHASE

Method: Nilroaromatics & Nllramlnes "Explosives" (8330)
Target Analyte List: KNX: HPLC 8330 STANDARD LIST QC Program: STANDARD TEST SET

Location: Quanterra - Knoxville

Target List 4832 Detection Limits Check List 8215 Spike LIst 8216

Compound RL Units MOL Units Run Date Amt Units leL UCl RPD Amt Units LCl UCL RPD

4-Amino-2,6-dinitrololuene 0.2 uglL 0.04 ug/l 19980128 3.0 ug/L 66 115 27 3.0 ug/L 37 146 27

2-Amino-4,6-dinitrololuene 0.2 uglL 0.04 ug/l 19980128 3.0 ug/L 67 115 29 3.0 ug/L 44 153 29

l,3-Dinitrobenzene 0.2 ug/l 0.03 ug/l 19980128 3.0 ug/l 75 121 27 3.0 ug/l 56 155 27

2,4-Dinitrotoluene 0.2 ug/l 0.03 ug/l 19980128 3.0 ug/L '13 118 30 3.0 ug/L 56 147 30

2,6-Dinilrololuene 0.2 ug/L 0.03 ug/L 19980128 3.0 ug/L 71 123 31 3.0 ug/L 52 149 31

HMX 0.5 ug/L 0.06 ug/l 19980128 3.0 ug/l 70 '125 28 3.0 ug/L 57 131 28

Nitrobenzene 0.2 uglL 0.04 ug/L 19960128 3.0 ug/L 62 115 26 3.0 ug/L 35 150 28

2-Nilrotoluene 0.2 ug/L 0.05 ug/l 19980128 3.0 ugll 52 115 30 30 uglL 30 148 30

4-Nitrololuene 0.2 uglL 0.07 uglL 19980128 3.0 ug/L 57 115 33 3.0 uglL 31 155 33

3-Nilrotoluene 0.2 uglL 0.05 ug/L 19980128 3.0 ug/l 57 115 35 3.0 ug/L 30 156 35
RDX 0.5 ug/L 0.04 ug/L 19980128 3.0 ug/l 78 125 24 3.0 uglL 56 163 24
Tetryl 0.2 uglL 0.03 ug/L 19980128 3.0 ug/L 72 125 27 3.0 ug/l 48 133 27

1,3,5-Trinilrobenzene 0.2 ug/L 0.03 ug/L 19980128 3.0 ug/L 76 120 30 3.0 ug/L 50 159 30

2,4,6-Trinitrotoluene 0.2 ug/l 0.06 ug/L 1998012(} 3.0 ug/L 73 122 21 3.0 ug/L 55 137 27
1-Chloro-3-nllrobenzene 1.77 ug/L 32 127 0 1.77 ug/l 32 127 0

Pilge number 1 Printed at J9 11 :28:02 AM



Targel Analyta List: All Analytes

Malrix:'-~-'SOLID :J
Extraction: None specified.

Method: Carbon, Tolal Organic "TOC" (WALKLEY) • Solids .
QC Program: STANDARD TEST SET

Location: Quanterra • North Canton

Analyte List

Compound Rl

Check List 1215 Spike LIst 1216

Amt Units lCl Uel RPD Amt Units LCL UCL RPD

Tolal Organic Carbon 100

Detection Limits

Units MOL

mglkg

Units Run Date

o 3750 mg/kg 69 130 20 611500 mglkg 75 125 20

Page number 1 Printed at '; )911:35:19 AM
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Target Analyle List: All Analytes

Matrix:
Extraction:

Method:
QC Program:

Location:

WATER
None specified.
Carbon, Total Organic "TOC" (415.1)
8TANDARD TEST SET
Quanterra - North Canton

Detection limits

Units MOL

Check List 1216

Ami Units LCL UCL RPD

Spike List 1216

Ami Units LCL UCL RPD

Analyte list

Compound

Total Organic Carbon

RL

1.0 mg/L 0.47

Units

mg/L

Run Date

19980228 10 mg/L 90 110 20 25 mg/L 90 110 20

Page number 1 Printed at )9 11 :36:03 AM
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Matrix: WATER

Extraction: METALS, TOTAL RECOVERABLE
Method: Inductively Coupled Plasma (6010B Trace)

Target Analy1e List: All Analytes QC Program: STANDARD TEST SET
Location: Quanterra· North Canton
._------_.._~._-

Analyte List Detection Limits Check list 904 Spike LIst 905

Compound RL Units MOL Units Run Dalo Amt Units LCL UCL RPD Amt Units LCL UCL RPD

Antimony 0.01 mg/L 3.4 ug/L 19980204 0.5 mg/L 80 120 20 0.5 mg/L 80 120 20
Arsenic 0.01 mg/L 3 ug/L 19980204 2 mg/L 80 120 20 2 mg/L 80 120 20
Cadmium 0.002 mg/L 0.62 ug/L 19980224 0.05 mg/L 80 '120 20 0.05 mg/L 80 120 20
Chromium 0.005 mg/L 3.4 ug/L 19980225 0.2 mg/L 80 120 20 0.2 mg/L 80 120 20
Cobalt 0.007 mg/L 1.4 ug/L 19980224 0.5 mg/L 60 120 20 0.5 mg/L 80 120 20
lead 0.003 mg/L 2.1 ug/l 19980224 0.5 mg/L 80 120 20 0.5 mg/L 80 120 20
Molybdenum 0.01 mg/L 2.7 ug/L 19980204 1 mg/L 80 120 20 1 mg/L 80 120 20
Selenium 0.005 mg/!. 3.9 ug/L 19980204 2 mg/L 80 120 20 2 mglL 80 120 20

Silver 0.005 mg/L 0.59 ug/L 19980204 0.05 mg/L 80 120 20 0.05 mg/L 80 120 20
Thallium 0010 mglL 9.7 ug/1. 19980225 2 mg/L 80 120 20 2 mg/L 80 120 20
Vanadium 0.007 mgIL 1 ug/L 19960225 0.5 mg/L 80 120 20 0.5 mg/L 80 120 20
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Matrix: WATER
Extraction: METALS. TOTAL RECOVERABLE

Method: Inductively Coupled Plasma (60106)
Target Analyle List: Q: CLP ICP Metals TAL Standard List QC Program: STANDARD TEST SET

Location: Quanterra • North Canton

Target List 2600 Detection Limits Check List 906 Spike List 907

Compound RL Units MOL Units Run Date Amt Units LCL UCL RPD Amt Units LCL UCL RPD

Aluminum 0.2 mg/L 54 ug/L 19980204 2.0 mg/L 87 115 14 2.0 mglL 80 120 20

Antimony 0.06 mg/L 25 ug/L 19980204 0.50 mg/L 87 108 11 0.50 mg/L 80 120 20
Barium 0.20 mg/L 3.4 ug/L 19980204 2.0 mg/L 87 110 12 2.0 mg/L 80 120 20

Beryllium 0,005 mg/L 0.67 ug/L 19980204 0.050 mg/L 85 110 12 0.050 mg/L 80 120 20

Cadmium 0.005 my/L 3.5 uglL 19980204 0.050 mg/L 89 115 13 0.050 mg/L 80 120 20

Calcium 5.0 mg/l. 150 ug/L 19980204 50 mg/L 86 109 12 50 mg/L 80 120 20

Chromium 0.01 mg/L 7 ug/L 19980204 0.20 mg/L 86 112 13 0.20 mglL 80 120 20
Cobalt 0.05 mg/L 17 ug/L 19980204 0.50 mg/L 83 107 12 0.50 mglL 80 120 20
Copper 0.025 mg/L 3.1 ug/L 19980204 0.25 mg/L 84 112 14 0.25 mglL 80 120 20
Iron 0.1 mg/L 50 ug/L 19980325 1.0 mg/L 80 120 20 1.0 mg/L 80 120 20
Magnesium 5.0 mg/L 52 ug/L 19980204 50 mg/L 88 112 12 50 mg/L 80 120 20
Manganese 0.015 mg/L 3.1 ug/1. 19980204 0.50 mg/L 88 117 11\ 0.50 mg/L 80 120 20
Nickel 0.04 mg/L 15 ug/L 19980204 0.50 mg/L 85 116 15 0.50 mg/L 80 120 20
Potassium 5 mg/L 120 ug/L 19980204 50 mg/L 87 106 9 50 mglL 80 120 20
Silver 0.01 mg/L 3 uglL 19980204 0.05 mg/L 93 120 14 0.05 mg/L 80 120 20
Sodium 5 mg/L 340 ug/L 19980204 50 mg/L 88 107 9 50 mg/L 80 120 20
Vanadium 0.05 mg/L 6.5 uglL 19980204 0.50 mg/L 86 111 12 0.50 mg/L 80 120 20
Zinc 0.02 mg/L 11 ug/L 19980204 0.50 mg/L 83 120 24 0.50 mg/L 80 120 20
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28 October 1998
MEMORANDUM FOR Record

SUBJECT: Method Reporting Limit

1. This memorandum summarizes the various detection limits and outlines a procedure
for establishing the reporting limit for projects.

2. MDL: Method Detection Limits are measured by multiplying the student t with the
standard deviation (SD) of seven replicates i.e. the MDL is the minimum
concentration of a substance that can be measured/detected above zero at 99%
confidence in a given matrix. MDLs are determined according to 40 CFR, Part 136,
Appendix B or any other statistical methods. MDL check sample must be performed
and be detected at two times the MDL.

3. MQL: Method Quantitation Limits are established at 3-10 times the MDL levels. The
MQLs that were established at such high levels due to the inherited error (± 100%)
associated with the results calculated at the MDL. The error associated with the MQL
should be comparable to the CCV acceptance limits (± 15%), the statistical error is
notably reduced from that of the MDL. Consequently the MDL must be set at the
lowest concentration standard used for the initial calibration curve. Also, the lowest
standard or low-level calibration verification standard must be at least three times the
MDL. Based on these criteria, analytes detected below the MQL must be flagged
with "T' for estimated quantities.

4. MRL: Method Reporting Limits are threshold values above which results are reported
as positive quantities, and below which results are reported as non-detect «) and
flagged with "U", or as estimated and flagged with "J". MRL must not be
established at levels below the MDL check sample level. MRL value is dependent
upon project specifics as discussed in item 6.

5. Relation ofMRLs to Action Levels (Als): establishing MRL must be based upon data
user, data needs, maximum size of the errors that the user is willing to accept, and the
capability of the instrument/method. MRL varies according to project goals, and as a
general rule the USACE recommends the MRLs be established at approximately
one-half the project action level. Therefore, MRL may be established within a
range from 2MDL to one-half of the action level. The MRL must have a point on the
calibration curve.

6. As an example for explosive analyses, MRL must be established between the MQL
(3MDL) and the AL. Accordingly, nitroaromatic compounds detected below the

e,' ~,~,.,. .._-....



l\1R.L must be reported as non-detect «), and levels identified below the l\1RL must
not be reported.

7. Compilation of items 2-6 are illustrated on the graph below:

Calibration Curve

1

9

8

7

6
Response

5

4

3

2

1

0

AL

MRLRange
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Concentrations

• Response is expressed as multiples ofMDL

8, For further discussion, please contact the undersigned at 502-582-6946.

s~~~
SAMIR A MANSY, Ph.D.
Quality Assurance manager





Comment Responses

Document: Quality Assurance Project Plan (QAPP) , Limited Site Inspection for
the Pentolite Area Waste Lagoons.

Name: Ronald E. Nabors, Ohio EPA

1. General Comment: The Ohio EPA, DERR, would prefer to receive the Quality
Assurance Project Plan under separate cover and have it referenced in all site
investigation Work Plann submittals.

Respponse: We apologize for not obtaining an OEPA, DERR preferred formaat to develop

projects in Illinois, Michigan and Ohio. The QAPP and associated FSP and DQO
attaclunents were assembled for the Former Plum Brook Ordnance Works using the EPA
Region 5 model QAPP, the fonnat we typically use. We apologize for this
inconvenience. If our office executes future phases of work for this Formerly Used
Defense Site, we will incorporate the OEPA, DERR preferred fonnat in preparing
documents.

2. General Comment: The flow of the document is very confusing as it jumps back and
forth between the entire Plum Brook Ordnance Works (pBOW) history of the
Pentolite Area Waste Lagoons (PAWL). Please create a Plwn Brook Ordnance Works
general history section and focus the remainder of the document on the Pentolite Area
Waste Lagoons site investigation.

Response: The document will be edited accordingly.

3. Section 1.2.1 General, Page 1: Please indicate the approximate distance from the
Pentolite Area Waste Lagoons to the nearest residence.

Response: The approximate distance between the nearest residence and the Pentoloite
Area Waste Lagoons is JI. of a mile. This information will be added to section 1.2.1 of the
document.

4. Section 1.2.3 PAWL, Site Specific, page 2: Please note what landmarks border the
PAWL, not the entire PBOW facility.

Response: The fonner PAWL area is bordered to the north by the PBRF, to the south by
Pentolite Road and by access roads to the east and west. This information will be added
to Section 1.2.4.

5. Section 1.2.3 PAWL, Site Specific, Page 2: Please change the name of this section to
"Site Specific Operational History."

Response: The rcpon will be edited accordingly.



6. Section 1.2.3 PAWL, Site Specific, Page 3; Add a figure that shows the construction
design of the waste lagoons discusssedd in the second paragraph.

Response; Figures will be added to the Fiigures section, and will be referenced in fonner

7. Section 1.6.3 Rationale of Selected Sampling Locations, page 9: This section states
that the rationale used to select sampling depths will be discussed in the Fielld·
sampling Plan and the Data Quality Objective sections. Thee rationale for sample
locations is not clearly defined in either of these sections. Please give justification for
each of the sampling locations and depths chosen.

Response: The rationale for the sampling locations and depth as spelled out in the QAPP,
DQOs and FSP was to sample the most likely subsurface material with the potential for
contamination. That is, the soils within and below the former lagoon locations. This is
stated in section 4.0 of the FSP, Section 3.7 of the DQOs and 1.4 of the QAPP. Specific
features of the lagoons, such as inlet and outlet locations and vitreous sewer pipes, were
not targeted for this limited Sl. Specific features of the lagoons can be targeted for the
future sampling events.
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1.0 PROJECT DESCRIPTION

1.1. Introduction

Located near Sandusky Ohio, the former Plum Brook Ordnance Works (pBOW) was
operated from 1941 to 1945 by an army contractor as a manufacturing plant for
trinitrotoluene (TNT), dinitrotoluene (DNT), and pentolite. Contamination previously
detected at the sile by studies has been related to those activities and is being addressed by
the Department of Defense (DOD) underthe frame of the Defense Enviromnental
Restoration Program (DERP), Formerly Used Defense Sites (FOOS).

A limited Site Investigation (SI) of the Pentolite Area Waste Lagoons (PAWL), one of the
former PBOW sites, will be conducted under this project. The purpose of the SI is to
evaluate the potential for contamination of the sites that may be traced to Army activities.

This project is one of several limited 51 projects simultaneously undertaken by the U.S.
Army Corps of Engineers to be executed by the Louisville District (CELRL) under the
direction of the Huntington District (CELRH).

1.2 History and Usage

1.2.1 PBOW Facility

Based on the Archives Search Report (USACE, 1993), the facility was established
in 1941 and referred to as Plum Brook Ordnance Works (PBOW). The installation
was established for the purpose of manufacturing trinitrotoluene (TNT),
dinitrololuene (DND, pentolite, and nitric and sulfuric acids. Built by E.B. Badger
and Sons Company, the facility was operated Wlder contract by the Trojan Powder
Company. Production of explosives ceased two weeks after VMJ Day, having
manufactured in excess of one billion pounds of explosives during the four-year
operating period.

By September 1945, the entire Ordnance Inspection Department was abolished.
Decontamination of TNT. acid, pentolite and DNT manufacturing lines was
completed during the last quaner of 1945. On 17 December 1945, the physical
custody of the plant was transferred from Trojan to the Ordnance Department. The
U.S. Army Corps of Engineers assumed resJX>nsibility for maintenance and
custodial duties until September 1946 when the property was transferred to the
War Assets Administration (predecessor to the Government Services
Administration (GSA)), after it was certified by the U.S. Army to be
decontaminated. National Aeronautical and Space Administration (NASA)

. . i"-.-.
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acquired the PBOW in 1963 and is presently using the site, now referred to as
Plum Brook Station (PBS).

The PBS site currently lies in an area that is primarily rural and agricultural with a
low population density. The NASA Glenn Research Center occupies a majority of
the fonner ordnance works. The Department of the Army maintains a reserve
center on the westernmost portion of the facility. The remainder of the former
installation is in private ownership with the vast majority being cultivated.. A tract
on the northern bolUldary is owned by the Perkins Board of Education and is
utilized as a bus maintenance facility

1.2.2 Site Specific

Based on the PBS Preliminary Assessment (PA) (Science Applications
International Corporation Report (SAlC), 1991), the first stage of the pentolite
manufacturing process involved the nitration of pentaerythritol (PE) by adding
nitric acid and water. Pentaerythritol tetranitrate (pETN) was an end product of
this process, along with wastewater containing 5% nitric acid. Then, the PETN
was treated with water, acetone, and ammonium bicarbonate to dissolve and
neutralize the free acid present. Mixing equal parts of PElN and TNT produced
pentolite. This step also involved the addition of acetone and water. The
stoichiomelric relationship of the pentalite manufacturing process is as follows:

• PE + HNO, + H20 -? PETN + wastewater (nitric acid as 5%)

• PETN + acetone + ammonia bicarbonate + H20 7 preliminary filtered.

neutralized PETN + wastewater

• (TNT + acetone) + (pETN + H20) 7 pentolite + wastewater

The wastewater from the pentolite manufacturing process potentially contained
explosives, metals and acetone. Wastewater from each stage of the manufacturing
process was conveyed to two settling basins or the PAWL via vitreous sewer pipes.
A wastewater ditch (15 inch channel pipe) encircled the entire perimeter of the
lagoons. Wastewater from the first two pentolite lines, along with wastewater from
the acetone recovery house, entered. the lagoon at the west inlet to the wastewater
ditch. Wastewater from the third pentolite line entered the lagoon at the east inlet
to the wastewater ditch. Once inside the ditch, the flow of the wastewater was
north to south. Three inverts, located at the north and south ends of the lagoons.
fed the wastewater into two timber rising wells filled with limestone. These
limestone beds were apparently filters and extended 35 ft into the lagoons. It
appears that the remainder of the basins further settled the wastewater lUltil it
eventuall:y" passed over the outlet weir and was pumped to a secondary treatment
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facility. Specific wastewater details, treatment processes, and sludge disposal
methods are not known.

The PAWL were constructed of pre-cast concrete blocks (15 ft. by 9 ft. by 4 in.
thick) with asphalt expansion joints, and each lagoon measured approximately 112
ft. by 137 ft. Four to six inches of No. 4 gravel had underlain the PAWL.

Based on the Site Inspection Report (Morrison Knudsen, 1994), the Pentolite Area
was decommissioned in 1945 when ordnance manufacturing ended, and all of the
buildings in the area were supposed to be removed or burned in place according to
the decontamination procedures. Decontamination of pentolite manufacturing
lines was halted during the last quarter of 1945; an estimated 65 % of the necessary
decontamination of PBOW was completed by December 1945. The "Shut Down
and Decontamination Procedures for PBOW, Sandusky, OH," (Dykema and Lee
1944) states that the stand by and storage procedure for the pentolite settling basin
would have consisted of the following:

1. Drain and flush limestone bed and basin proper with a high-pressure hose.
2. Remove limestone while it is completely wet and flush basin thoroughly after

removal.
3. Inspect basin thoroughly for evidence of accumulated explosives.

Based on the Records Reviews Report (Dames & Moore, 1997), there is no
infonnation regarding decontamination of surrounding soils in the Pentolite Area.
Furthermore, the decontamination procedures do not mention the removal of the
concrete slabs of the PAWL. An aerial photograph from 1956 shows that the
lagoons were still intact. However, this aerial photo indicates that the vitreous
sewer pipes leading to the lagoons were removed. From the decontamination
procedures, it is assumed that these lines were flushed with water and then cleaned
with acetone.

According to SAlC, the PAWL remained essentially intact until 5 July 1956 when
approximately 500 acres (including the Pentolite Area and PAWL) was leased by
the NASA from the Department of the Army to construct and operate the Plum
Brook Reactor Facility. The reactor was planned to be a scientific investigation
reactor where the effects of radiation on various materials could be measured. The
entire Pentolite Area was filled and graded to facilitate construction of the PBRF.
According to Dames and Moore, a memo by Everett and Campbell in 1958 states
that the Pentolite Area of approximately 117.3 acres was decontaminated,
demolished, and cleared for use as the Lewis Laboratory Reactor Facility. A 1959
historic topographic quadrangle reveals the PBRF with no evidence of the PAWL.

No previous investigations have been perfonned at the waste lagoons. However,
an Uifdet'ground Storage Tank Corrective Actions Remediallnvestigation,
Feasibility Study, Phase I Report (Ebasco Environmental, 1991) was perfonmed in
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the vicinity of the lagoons. Six monitoring wells were installed, and grOlmdwater
and soil samples were collected. Four VOCs were detected in the soil samples.

1.3 Location

The PBOW is located neat Sandusky within Erie County, Ohio (Figure I). The waste
lagoons were located within the northern portion of PBOW, specifically, within the
Pentolite Area, north of Pentolite Road and south oftbe present Plum Brook Reactor
Facility (pBRF). The Layout of the PAWL is given on the Boring Locatinn Plan (Figure
2).

1.4 Climate

The climate for Erie County is continental with cold and cloudy winters and warm and
hwnid summers. The county's first and last freezing temperatures are typically in October
and April, respectively. Average annual precipitation for Sandusky from 1961 to 1990
was 34.05 inches. Within that time period February had the lowest mean monthly rainfall
average with 1.65 inches, whereas July had a high of 3.70 inches. The weather changes
every few days as cold fronts move through the region. Wind is from the southwest 55
percent of the time (Morrison Knudsen 1994, Datnes & Moore 1997).

1.5 Topography

According to historic plans obtained from the previously referenced PA performed by
sAle in 1991, the surface elevation of the waste lagoons was originally 626.15 feet above
mean sea level (msl). The perimeter of the waste lagoon angled at a slope of about 2: I to a
bottom elevation of 620.5 ms!. The surface of the area that presently occupies the fonner
PAWL is relatively flat at an elevation of about 630 feet above (msl). Based on review of
historic topographic quadrangles (USGS, 1959, 1969 and 1979), the surface elevation in
the former PBOW has not changed significantly since 1959.

1.6 Geology

1.6.1 PBOW anstallation wide)

Based on the Site Wide Ground Study (IT Corporation, 1997-1998), three
formations, all oftbe Devonian Age, underlie the fonner PBOW site. The
Delaware Limestone is the lowermost formation. It is characterized as a hard,
dense, finely crystalline limestone and dolomite. Dissolution of this unit has been
described which has produced solution channels along bedding planes and joints,
and even producing caverns in some areas. The unit is typically buff colored and
usuallY4$Cribed as fossiliferous. In the vicinity ofPBOW, benzene, toluene,
ethyl benzene, and xylene (BTEX) and hydrogen sulfide are common in area
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quarries. Overlying the Delaware Limestone is the Olentangy Fonnation. Two
members of the Olentangy Fonnation have been characterized at the PBOW site,
the Plumbrook Shale and the overlying Prout Limestone. The Plum Brook Shale is
interpreted to consist of approximately 35 feet of bluish-gray, soft, fossiliferous
shale containing thin layers of dark, hard, fossiliferous limestone. The Prout
Limestone has been interpreted to be a unit approximately 15 feet thick which
outcrops occasionally in a 1,000 to 2,000 foot-wide, northeast striking band across
the middle portion of the PBOW. It has been described as a dark-gray to blue, very
hard, silicious, fossiliferous limestone or dolomitic mudstone. The uppermost
formation at the PBOW site is the Ohio Shale. Only one member of the Ohio
Shale is present in the PBOW area- the Huron Shale. nus unit has been described
as black, thinly bedded, with pyrite and abundant carbonaceous maner with some
large pyrite/carbonate concretions up to 6 feet in diameter.

The bedrock overburden in Erie County is predominantly glacial till, glacial
outwash or glacial lacustrine (lake) deposits. In the vicinity ofPBOW, the soil has
been interpreted to be lacustrine. In many areas, the overburden also consists of
highly weathered bedrock. The thickness of the overburden ranges from
approximately 5 feet or less for most ofPBOW to greater than 25 feet. The
overburden is thickest on the northern portion of the site.

1.6.2 PAWL (Site Specific)

A subsurface boring record (Dames and Moore, 1997), located about ~ mile east
of the PAWL site, indicated a subsurface profile consisting of an upper layer of
brown fine sand extending from the ground surface to a depth of approximately 6 ft
bgs. Based on the review of historical grading plans, this upper layer may be fill
material associated with the constrUction of the PBRF. nus fill may be over the
PAWL site based on the historic grading plans reviewed. The presence of this fill
is further indicated by review of the United States Department of Agriculture
(USDA) Soil Conservation Service, Soil Survey of Erie county dated 1971. This
upper layer is generally underlain by a layer consisting of silty clay and clayey silt
soils extending to limestone bedrock. Shale fragments were encountered in the
overburden soils from 14 feet to 24 feet bgs. Limestone bedrock was encountered
at a depth of about 24 ft bgs.

1.7 Hydrogeology

1.7.1 PBOW ffnstallation Wide)

Based on the Site Wide Groundwater Study (IT Corporation 1997-1998), potable
groundwater is encountered in the bedrock units Wlderlying the PBOW site.
Generally this groundwater flows northward toward Lake Erie. Based on published
hydrogeologic information (Groundwater Resources of Erie County, 1986), the
PBOW sue includes 3 distinct hydrogeologic regimes. Groundwater yields from
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these regimes range from limited, to the northeast and south, to more than 500
gallons per minute (gpm), to the northwest.

1.7.2 PAWL (Site Specific)

It is anticipated that groundwater in the overburden soils beneath the PAWL site
would be perched or trapped water. Perched water occurs in irregular,
discontinuous granular zones within the soil overburden. Perched water sources
contain widely varying quantities of water depending on recent precipitation and
other site-specific factors. Based on the soil types expected, overburden
groundwater quantities should be minimal.

Based on the aforementioned hydrogeologic information, the PAWL site is in a
hydrogeologic regime that reports yields of 15 gpm, or less from wells drilled into
the limestone. Hydrogen sulfide may be present in varying amotmts.

2.0 PROJECT ORGANIZATION AND RESPONSIBILITIES

2.1 General

This work is being pursued by the United States Army COrPs of Engineers (USACE) as
part of the Defense Environmental Restoration Program (DERP)/ Formally Used Defense
Sites (FUDS). The primary responsibility for the project lies with the Huntington District
(CELRH) that acts as the administrator of the funds and performs the overall management
functions. CELRH has tasked the Louisville District (CELRL) to execute the design,
fieldwork and technical reporting. Several individuals, listed below will coordinate efforts
to carry on the project.

2.2 Team Members

Industrial Hygieniest:
Project Engineer:
Safety QC:
Risk Assessor:
Hydrogeologist:
QA Chemist:
Independent Technical Review:
Project Manager:
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3.0 SCOPE AND OBJECTIVES

The.purpose of this limited SI is to evaluate the potential for contamination of the site due
to past Army activities. Historical information was utilized to identify environmental
media and locations most likely to be affected. Field sampling and chemical laboratory
analysis will be performed to evaluate the suspect media. Results of the laboratory
analysis will be compared to risk based, media specific screening criteria. USEPA Region
9 Preliminary Remediation Goals (PRGs) will be used for the screening criteria.
Comparison to background values is beyond the scope cfthis project.

The Field investigation for this SI will include:

• A visual survey to assess and docwnent site conditions
• Surface and subsurface soil sampling

Target parameters include VOCs, TAL Metals, and Explosives. These parameters will be
identified based on analytical results using United States Environmental Protection
Agency (USEPA) SW-846 methodology. This data will be used to evaluate the potential
for contamination at the site by comparing results to the aforementioned screening criteria.
(Region 9 PRGs).

Additional data will be gathered to help assess the physical characteristics of the site and
potential migration characteristics of identified mission related contaminants. This
includes pH, total organic carbon (TOC) and soil grain size distribution and/or soil
plasticity.

4.0 SAMPLING DESIGN AND RATIONALE

Formal Data Quality Objectives (DQOs) for this SI were evaluated and documented in an
associated docwnent dated May 1999. Based on historical operations at the PAWL, the
COC that were potentially released to the environment include explosives, acetone. and
metals. Therefore. samples will be analyzed for explosives, TAL metals, and VOCs. In
addition, Total Organic Carbon (TOC) analysis, pH, and sieve and/or plasticity testing will
be perfonned on selected samples in order to assess the soil characteristics at the site.

Based on historical construction drawings, the elevation at the bottom corners of the waste
lagoons was about 620.5 ft msl. The elevation of the top of the lagoons was about 626 ft
msl. The ground surface in this area is presently at about 630 ft ms1.- .
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The bonom of the waste lagoons consisted of a 4 inch thick concrete pad with 4 to 6
inches of gravel subbase. It is believed that the PAWL were removed during construction
of the PBRF; however, there is a potential that the PAWL are still intact and fill material
was simply placed over the lagoons during construction of the PBRF. Also, affected soils
may have been redistributed to any elevation, including the ground surface, dwing these
grading operations.

Based on the nature of the cae and expected grading operations associated with the
decommissioning of the waste lagoons and construction of the PBRF, affected media, if
present, would most likely be encoWltered within or just below the fill placed to achieve
present grades.

The site will be sampled by advancing 5 to 7 borings in the vicinity of the former PAWL
at the approximate locations indicated on the Boring Location Plan. Borings will be
advanced to depths ranging from 10 to IS feet bgs. Continuous soil samples will be
collected with a direct-push hydraulic sampler. Each soil sample obtained will be field
screened for voe and lNT and field classified in accordance with the Unified Soil
Classification System. Samples selected for chemicallaborawI)' analysis will be based on
field observations and screening results. Sampling procedures are detailed in Section 5.4
herein.

5.0 FIELD ACTIVITIES AND SAMPLING PROCEDURES

5.1 Visual Inspections

A visual inspection of the site wiU be performed before actual sampling takes place. The
inspection will consist of a thorough walkover of the site to familiarize the working team
with the site and locate visual signs of contamination and potential migration pathways.
Modifications to the sampling design may result from this action.

5.2 Sample Documentation

Logbooks with sequentially numbered pages will be kept at the site during all field
activities and will be assigned to each sample team. These logs will be updated
continuously. Information to be recorded in the logs includes, but is not limited to the
following:

• Project Identification.

• General work activity, work dates, and general time of occurrence.
".

• Unusual events.
8
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• Communication with facility representative.

• Visitors on site.

• Sample number and time of day for each sample collected for analysis.

• Record of telephone calls infonning laboratory of sample shipment.

• Variances from project plans and procedures.

• Accomplishment of tailgate safety meetings.

• Photographs taken (including location, spatial orientation, and a brief
description nfthe photograph subject).

5.3 Photographs

Color photographs will be taken of sampling areas to record significant field observations
or to record site conditions in the case of visual inspections. Pictures will be logged in the
field logbook to identify each picture taken. Prints will be identified with the project
number, date and time taken, and a brief description of the subject, location, and
orientation of the photograph.

5.4 Soil Sampling Procedures

The soils will be investigated by advancing approximately five soil borings within the
fonner waste lagoon area. The borings will be advanced using a direct-push hydraulic
sampler. Continuous soil samples will be obtained in 2 to 4-foot intervals until the boring
tennination depth is achieved or refusal is encotmtered. Boring tennination depths will
vary from 5 to 15 feet depending on observations at the time of the borings. Based on
previous borings in the vicinity, bedrock refusal will be encountered at approximately 25
feet bgs. Approximate boring locations are given 00 the Boring Location Plan (Figure 2).

Field headspace and TIlT screening will be performed on a portion of each sample
interval. Headspace screening will be performed using a Photoionization Detector (PID).
Field TNT screening will be perfonned using an EnSys Test Kit. Field screening for
radionuclides will also be perfonned. Due to the fonner operation of the reactor facility by
NASA near the site, field health physics measurements shall be provided from the duration
of drilling activities. Field screening descriptions are attached to this document.

Selected subsurt3.ee soil samples will be sent, Wlder chain of custody protocol, to an off
site laboratory for chemical analysis. Chemical analysis of each laboratory sample will
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include VOCs, TAL Metals, and Explosives. Testing for pH, TOCs, and Sieve/plasticity
analysis will also be perfonned for every change of soil strata. Samples selected for
chemical analysis will be based on the interval most likely to be contaminated from the
organoleptic indications and/or field screening results. Laboratory geotechnical analysis
will include Atterberg limits and/or Sieve analysis depending on the physical
characteristics of the soil. Selection of geotechnical samples will be determined in the
field in order to validate field uses classifications.

5.5 Surface Water and Sediment Sampling

No surface water or sediment samples will be collected for this 81.

5.6 Field Quality Control Sampling

The following field quality control samples will be collected to monitor sampling
precision, cross contamination, and decontamination procedures:

• Duplicates - Duplicate samples will be collected at the same time as the
original sample and in the same analytical sequence. One field duplicate
will be collected for every 10 primary samples. Duplicare samples will be
used to monitor sampling precision in the field. Duplicate analysis will be
performed for VQC, Metal, and Explosive analyses.

• Rinsate - Rinsate samples will be collected by rinsing sampling equipment
with deionized water after decontamination has been performed. The
water being used to rinse the equipment will be collected in the appropriate
sample container. One rinsate will be collected for every 20 investigative
samples. These samples will monitor field-sampling procedures for
decontamination completeness. Metal analyses will be performed on
rinsates.

• Temperature Blanks - These samples will be prepared by submitting a
bottle prefilled by the analytical laboratory. Coordinatiott bas been
accomplished with the receiving laboratory to ensure that adequate
temperature blanks will be provided to the field samplers. These samples
will be clearly identified as a temperature blank. This sample will be
added in every cooler prepared for shipment to the analytical laboratory to
monitor temperature of the samples while in transit from the field to the
laboratory.

5.7 Deconta!"ination
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Decontamination procedures are implemented to prevent cross contamination, to control
potential migration of chemical constituents, and to prevent worker exposure to chemicals
or pathogens that may contaminate clothing or protective gear. A decontamination system
will be established to wash and rinse all personal protective and sampling equipment.
Several gallons of clean, distilled water will be maintained on site along with plastic
buckets, brushes, soap, etc., to decontaminate during the sample collection process.

Personal safety and health considerations are presented in the Site-specific Health and
Safety plan that was submitted along with this Field Sampling Plan. In addition, all hand
tools and equipment will require decontamination prior to removal from the work area.
Any materials generated during the site investigation activities (i.e. investigative derived
wastes) as a result of decontamination procedures will be labeled and stored until final
disposal arrangements, consistent with applicable environmental requirements, are made
(see Section 7.0 lDW).

Only minor decontamination of site personnel is recommended, incorporating gross
decontamination of the sales of work boots and any personal protective equipment used
while on site. All discarded materials shall be handled in such a manner as to preclude
spreading of contamination, creating a sanitary hazard, or littering the site. In addition,
site workers must wash their hands (and face optional, if exposure warrants) with soap and
water before eating, drinking, and before leaving the investigative area.

Decontamination procedures involved in this site investigation will generally involve the
subsequent cleaning of any sampling equipment associated with soil collection. Generally
accepted measures for ensured data quality and reliability will be employed, specifically
involving rinsing of sampling tools and equipment with distilled water and soap (Alconox
or other non~phosphatedetergent), with a final rinse of deionized water.

This will be accomplished by moving the equipment to a "contained area" and washing
down all suspected equipment with brush scrubbing and the soap solution. Hand tools,
trowels, scoops, bowls, bailers, etc. used for sample collection of soils shall similarly be
decontaminated between samples and before leaving the site for the day.

Decontamination of the Direct Push Rig will first require personnel to dress in suitable
safety equipment to reduce personal exposure as required by the Site-Specific Safety and
Health Plan.

The Rig itself will require decontamination on various levels. The first level of
decontamination is removal ofdrill cuttings andlor caked on soil. This will be scraped
with a flat-bladed scraper at the sampling site. The second level of decontamination is
spraying the rig with an Alconox solution and vigorously brushing the area to be cleaned.

Following decontamination, drilling equipment will be placed back on the clean drill rig.
[f the equipment is not used immediately, it should be stored in a designated clean area.
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Rinsates and decontamination fluids will require containerization in containers approved
for liquids, labeled and properly stored, while awaiting approval for disposal. Based on
the anticipated levels of contamination on most sites, it is believed that disposal approvals
will pennit disposal of decontamination fluids through the local sanitary sewer.

Materials used for decontamination will be compatible and safe for the purpose intended
and for site workers. Consistent with the Hazardous Communication Standard, 29 CFR
1910.1200, any chemical materials brought on site will be accompanied by a Materials
Safety Data Sheet (MSDS) and kept with the field team.

6.0 FIELD SAMPLE IDENTIFICATION AND CUSTODY
PROCEDURES

Proper sample collection and analysis requires the maintenance of chain-of-custody (CoC)
procedures. CoC procedures include tracking and documentation during sample
collection, shipment, and laboratory processing. A sample is considered to be in an
individual's custody if it is:

• In the physical possession or view of the individual party.

• Secured to prevent tampering.

• Placed in a restricted area by the responsible party.

The sampling team leader is responsible for the custody oftbe collected samples in the
field until they are properly packaged, documented, and released to the courier for
shipment to the laboratory. The laboratory is responsible for sample custody thereafter.
Custody will be documented by using the CoC record initiated for each day that samples
are collected. This record will accompany the samples from the site to the laboratory and
will be returned to key project personnel with the final analytical report. All personnel
with sample custody responsibilities are required to sign, date, and note the time on the
CaC record when relinquishing and receiving samples from their immediate custody. Any
discrepancies will be noted at this time. All samples will be shipped via overnight courier
to the analytical laboratory. Bills of lading will be used as custody docwnentation during
this time and will be retained as part of the permanent sample custody documentation.
Sample documentation and custody for field and laboratory activities are detailed in the
following sections.

6.1 Sample Containers, Preservation and Holding Times

.~..-...... ..
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The laboratory will supply sample containers. Containers will be selected to ensure
compatibility with the sample matrix, chemical constituents to be analyzed, and to
minimize breakage during transportation. Sample bottle size required, preservatives, and
holding times are listed in the table on the following page. Sample containers, blank
labels, preservatives, and packing materials will be supplied by the laboratory. Sample
labels will be attached to containers and filled out at the time of sampling. The following
infonnation will be recorded on each label:

• sample identification nwnber
• collectors initials
• date and time of collection
• preservatives added
• sample type
• depth

Summary Table of Sample Containers, Preservation Methods,
and Holding Times for Soils Samples

Parameter Analytical Quantity Type Presen'ation Holding
Method Methods Times

VOC's 8260B 5-15 4-ounce, wide- Cool,4'C Analysis:
mouth, amber 14 days
glass, Teflon®-
lined cap,

TAL (600017000 5-15 4-ounce, wide- None 6 months
Metals ) series mouth, amber mercury -

glass, Teflon®- 28 days
lined cap,

Explosives 8330 5-15 4-ounce, wide- Cool,4'C Extraction
mouth, amber 7 Days
glass, Teflon®- Analysis
lined cap, 40 Days

TOC 9060 5-15 4-ounce, wide- Cool,4'C Analysis
mouth, amber 28 Days
glass, Teflon®-
lined can,

pH 9045C 5-15 None Analysis
I day

Sieve ASTMD Varies· 16-0unce, wide- None None
Analysis 421/ASTM mouth, glass

D 2217
Atterberg 'ASTMD Varies· 4-ounce, wide- None None
Limits 4318 mouth, e:lass

t3
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• Quantity is dependent on the soil types and number of soil types encountered
during the field investigation.

6.2 Sample Identification

Each sample for analysis will be assigned a unique identification number.

6.3 Sample Packaging

The following procedures will be perfonned during sample packaging:

• Number of samples will be verified with field logbook documentation.

• Sample labels will be checked for accuracy and legibility.

• All samples will be wrapped in bubble pack, and placed in a sealed zip
locked bag.

• All coolers will have a temp blank so that the temperature can be
monitored.

• Samples will be packaged. in a thermally insulated. rigid cooler.

• Packing material will be placed in the coolers to prevent breakage.

• Ice will be placed in the cooler for samples requiring 4°C ± 2° preservation.

• Each cooler will have its own Chain of Custody (CoC) fonn reflecting the
samples inside.

• The CoC fonn will be placed in a sealed zip-lock bag, and taped to the
inside lid ofthe cooler.

• The cooler will be closed and sealed with duct tape around both ends, and
around the lid.

• Custody seals will be placed in two separate locations on the cooler across
the lid and main body of the cooler and signed by the field team leader.

t4
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• An addressed courier bill will be placed on the cooler so that shipment of
the cooler can take place.

6.4 Custody Transfer and Shipment Procedures

All samples will be accompanied by a CoC fonn. When the possession of samples is
transferred, the individual relinquishing the samples and the individual receiving the
samples will sign, date, and note the time of transfer on the CoC document. This record
will represent the official documentation for all transfers of sample custody until samples
arrive at Quanterra Laboratories, North Canton, Ohio. Samples will be shipped for
overnight service by the courier. This will allow for the least amOWlt ohime from
sampling and analysis, and will ensure that all holding times are met. Notification of
sample shipment to the laboratory will be perfonned by the Field team leader.

Quanterra Laboratory
4101 Shuffel Drive NW
North Canton, OH 44720

Phone
Fax

(330) 497-9396
(330) 497-0772

7.0 DISPOSITION OF FIELD INVESTIGATION DERIVED WASTE
(lOW)

Investigation derived waste will be minimal for this field activity. All personal protective
equipment (PPE) (e.g., Tyvek~, nitrile or latex gloves) will be placed in a plastic garbage
bag and taken to a dumpster for disposal. All decontamination water will be collected and
stored in an appropriate storage container. then emptied into a nearby sewer at the end of
the field day. Care will be exercised to insure that the sewer is a collection sewer for the
local wastewater treatment plant. Written pennission has been granted by the City of
Sandusky, Department of Utility Services. The volume of rinsate water is expected to be
limited to amounts that can be moved by hand. lOW will be identified and properly
handled while it is being accumulated or stored on site.

row shall be contained and handled in compliance with the following requirements:

Turnings from hand auger work will be neatly abandoned at the boring locations where
sampling occurs.

Soil from direct push sampling will be neatly abandoned at the boring where sampling
occurs.

Waste generation will be minimized whenever possible and feasible..... .." ...... .
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Voids created in tbe upper portion of boles from direct push activity will be filled with
granular bentonite.

Any IDW generated that does not meet the above mentioned criteria will be stored at the
site of generation or consolidated at a central storage location supplied by NASA-PBS,
pending analytical results.

Stored lOW. pending analytical results, will be characterized for appropriate disposal at a
licensed disposal facility within 45 days of initiating field activities.

8.0 SCHEDULE

8.1 Start Date

The earliest date for which field activities will begin is 7 June 1999

8.2 Pre-mobilization

The following activities will be completed before field activities begin:

• Site Access - Access has been obtained from NASA by the U.S Anny
Corps of Engineers to enter Plum Brook Station.

• Security - Access to Plum Brook Station is controlled by the main gate and
security office located on Taylor Road. The security procedures for
gaining access are vehicle and personnel registration, The Security office
will issue vehicle and personnel badges. Only U.S. citizens with picrure
J.D. can obtain access to the station. All personnel allowed access to
Plum Brook Station are required to view a short IO-minute safety and
informational video. The security office will also dispense hand radios to
all personnel perfonning fieldwork for safety as well as security reasons.

• Staging and Support Area - NASA has provided the USACE with a
staging area within NASA's shipping and receiving building, Building
9209. located south of Maintenance Road in the garage Imaintenance area.
This area will be used as a staging area for small sampling supplies and
sample shipment.

• Site Visit - A site visit \oVili take place prior to any sampling event. This
~~~e visit will allow USACE personnel to visually assess sites, and will
facilitate optimization of the sampling design and rationale.
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8.3 Mobilization

Mobilization includes efforts required by USACE personnel to prepare for lhe sampling
portion of the site investigation. All sampling team members will review the Field
Sampling Plan and Quality Assurance Project Plan prepared for the site investigation. All
sampling equipment and materials will be inspected for proper decontamination and good
working condition. All provisions will be made by USACE to ensure that field supplies
are available and appropriate for sampling team members. These supplies include
logbooks, sample containers, labels, chain of custody fonns, shipping supplies, coolers,
and packing materials.

8.4 Demobilization

At the completion of sampling activities, USACE personnel will demobilize.
Arrangements have been made for the disposal of investigation-derived waste (IDW).
USACE personnel will prepare waste manifest if necessary. All sampling equipment and
materials will be removed by USACE personnel from the site as well as the staging area
provided by NASA. USACE personnel will maintain a clean and safe work environment
at the investigative site as well as the staging areas provided by NASA. All efforts will be
made to leave investigative areas in the same condition as they were found.

17
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Attachment 1

Figures

Figure 1:

Figure 2:
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Attachment 2

Field Screening Procedures at Pentolite Area
Waste Lagoons

1. Field Headspace Screening

2. Field TNT Screening

3. Field Radionuclide Screening
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Field Headspace Screening

2.1 Equipment List

The following list of equipment will be needed [0 headspace analysis of soil samples:

• clean glass sample containers
• Paper towels
• Aluminum foil
• Organic vapor analyzer equipped with a photoionization detector (PID)
• Field book
• Waterproof and permanent marking pens

2.2 Field Screening Procedures

A poniOD of each soil sample collected for headspace analysis will be placed in the
appropriate glass container. The container should be filled approximately one-half full.
The mouth of the container will be covered with aluminum foil, tightly capped, and the
sample matrix will be allowed to equilibrate with the headspace for 15 minutes. Care must
be taken in the selection of soils with respect to consistency and sample placement in the
container in order to achieve comparability and consistency. All headspace material will
be handled as IDW.

The sample headspace in the container shall be analyzed with a phoroionization analyzer
by removing the lid and inserting the instrument probe through the foil liner. Care must e
taken in the selection of appropriate foil, placement of the foil on the container, and
removal of the lid so as not to compromise the integrity of the seal. If the seal has been
compromised. this will be recorded appropriately or a new sample taken if possible.

2.3 Photoionization Detector (PID)

The selection of a PID as the appropriate organic vapor analyzer shall be based on
contaminants of concern and/or ambient conditions at the respective site. It is anticipated
that a PID detector will be used for all the work.

2.4 Calibration

The instrument(s) selected for use in accordance with data quality objectives and site
requirements shall be calibrated according to the manufacturer recommendations and
specifications. f·.
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2.5 Documentation

All procedures and field conditions will be recorded on the boring log in the field logbook.
The record shall include a description of the material being screened and site conditions
such as equilibration time and temperature.

Pcmoliu: Arc Waste UgooD$, Plum Bmok~ Works
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Field TNT Screening

Field TNT screening will be performed using an EnSys Test Kit in accordance with the
procedures outlined in the following users manual. Field screening for TNT is necessary
to insure that a soil with significant explosive contamination is not sent to the laboratory
without notice of the significant potential for explosive contamination. Moreover field
screening is necessary for the personnel safety of the investigators. TNT is capable of
detonating from pressure. The edges of a drill rig or a direct push probe can cxen high
pressures as the tool is advanced through the soil such that detonation is a possibility. The
field screening procedure is also addressed the Site Specific Health and Safety Plan .
(SSHSP) for this project. The field screening uses an immunoassay procedure. The
protocol for the procedure suggests that approximately 25 minutes is necessary to perform
the test.

,.
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TNT EnS
SOIL TE
SYSTEM
RAPID FIELD SCREEN

User's Guide
IMPORTANT NonCE

STRATEGIC DIAGNOSTICS INC.

®
S
T

Tne range of this test is be:'\veen 1 ;md 30 ppm
TNTImB/D~"T.The relar..ve st;lnchrd deviation is 8<%
The least deteet:lble concen:::-;J.tion is 0.7 ppm (TNIl.

This test systeIr. should be ~ci. c:n.1y under the

supervision of .. tec:..~c:1lJy q~liiie:: individual who is

ca.p~b!e of unde~tan6ng~ny pote.."lr.;l! health and
envi.ro:"'_":"Ienu! r-=.sks of this produr:t;u iden:i6.ed. in the

produ.::: lite:atu:e. The c:o~porte!'l.t:SC'lust only be used
fo:, ri".e a:-.alysis of sod SOlIr.ples for the ?C'e5ence of "1"'?'t-r'.
Af':er L:.Se, the lei::. ::".csr be disposed of i..'""l ;)c:cor~c:e
-iLo" appl.ic:lblc feee:,al Ol,l'''\d lec::.! regulations.

JlJ DIfi l::....,.1

Pase 1 uf 11
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PHASE 1 TEST PREPARATION

READ ALL INSli=\UCT10NS EE::ORS FROCE:::lING win; rriE LEST

ITEMS INCLUDED IN TeST KIT
".J,zcw- _

=I~_

:.:l::sr-t..........I:lW _

.Jl1"11'T_'__

".Jla-.__ .;I3I ~
.J1D___ .:l2ll _
:JI·~ (_

ITEMS NOT INCLUDED IN TEST KIT

-.J:r: .._.u.c:a-. J __.,Jp___ ".J~Il~.IlIlll1.

".J an __ :J D'c'_

':: Yo_

., .....
READ BEFORE PROCE:DING
• For some rn.:.::-"ices. ili: c....-vi:-:.g t.he sci! sa::'l.ples r:-.ay result in bette: T!'.I'T

re=overy or :nOn! 1eproouc.b1e C!..U4l.
• A su.ghtl ..· !.7',Od.iiiee protocol should be L:.Sed if t~12 pr_"":"l.a!V a.naIvte of

cOr".::ern ;s D~_ Plea.s.e refer to the modi:1Ciloon outLined en page 6.
• It is recc!:"'-."':".ended t.~t il cont"::)l be r-..:n each ci:1y. See page 8 for

i........scu::::ior.5.
•

•

SDl's E..n5vs~T:\IT SQil T~st Svste::'l is desi~ed for L:.Se WiL"l ei.t.~er of
Hach r:"'.odeis DRJ2000 or :-~e ~ewer DR/zoio soeet:'oohotOr."Ieters.
?:otoc:oLs for C!.2 or bot.~ i:"'.s=urnents ;,ue oroviC:!ed :.......·t.lo.,is User's G~ide.
~:"\5c:e the ::-.st::":..t..'!'Ier,t prorocol foltowec. is apprcpri.Jote far t..'"l.e
i!".sr:~e:"l.t t:eing: usee.
T:'le Ea.:...~. DR/2000 is cesig:"led to tur:l off .Jofter ~ few t:UnU!e5 of
i..-.aC:virv. P:ess the "READ/E.""i lc,R- key ev~ry few ~.i.."i.u:es to prevent
DR/2000 fro=t t".:...-:1i.""\g or.. 1£ DR/1000 hJ.r:"'".s oft. use Rd"e:ence cuvette
to rezero. !':ewer OR/lOCO ~oc.els <inC:: the DR/2010 have an overide
"~r.star".ton" fearu:e that allows the rnae-"U."'le to :,"...:..1. ind.efinitely. Refer
to :he L-.s u ...:.::1ent OoerJ.eon: Spect:oonotorneter 5erup sec:on of the
P.A.C-:i DR/20CO 0:- bR/2010 use.:·s inanlJ,&1s.

If you are using the TNT t~t in conjunction with the RDX test it is
important to saVl!:: Yol.lr sample extT:ilcts. They will be used in the RDX
lest. RCl:'\e:=:.b~r lO c::.ap the extra~~ tightlv after use, An RDX kit
"",ithout eX:r.lc:ion sc't-UE=S c::.an be purc:hised specifically for this
pt.:.rpose.

.'7"'. Poo-.7
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PHASE 1 TEST PREPARATION

~EAD ALL INSTKucnONS BEFORE PROCEEDING WITH THE "rEST

CLEAN CUVETIES

la Fill Z H:J.c:.h m:uc.hed C\J'Vettes with
J.p?r:Jxi..."':'l.il[ely 5 m.L "...ate:'.

Ib up eac.lt with cuvette Stepper plug
and. holdin~ plug i.., placc:>holk
vigorously tor 3 seccnds..

Ie E=npty L."'lto waste conta.i.ner.
Id Fill cuvettes wit..'l ;J.pprcx.im:uely 5 ml

acetone.
Ie ColO each with cuvette stopper plug

and. holCi.'g plug i.., place. shaJu,
vlgorously tot' J seco:lds.

It 'E::tpty into waste c:ont:::U..ner.
19 Repeat ;lcetone wash (steps Id - 1I).
Ih Wi?,! outsic!e of C'.lvette with pa.per

towe!.s. Take care to especi.ally dean the
side lak:ie!ed ..~ mL- .uu:i the side

" opposi;e.

--

P~ge J of 12
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PHASE 1 TEST PREPARATION

READ ALL INS,;;'UC,:ONS E,,"ORE "ROC""DING WIT";"iHE TEST

REAO BEFORE PROCEECl'NG
• Designate,). "Rdc:"cncc" .'l.nc. "SJ.m?i~"..::uver:e,

SPECTROPHOTOMETER PREPARATION
2.a.l Tu.~ on. r:L:lc..., OR/20DO. Tne i.."1St'T'"..:.I:'le:'tt ..... ill read

"SEU-it:ST- followed bv ··~ethod?... Sele<:t
Me:hod. -0- ,:md press the ··R.E.AD/E!\,rTL.~"key.
we

2.a.2. Turn. or: ~Iote H::lc..iot DRI2010. The inst~entwill
read "5df-T~tV.x.x", I:..'"ten. "E.·'ue:" Prof;I'::J.m it...
Press t.~e IShiftl xe\' (do no: hole) :m::fthcn the
IABS/5] key. Notc: ~lec: Progr:.m :: "('J" m::lY
also be used to select .:I.bsorl::::J.ru:e moc.e on th.e
DRJ2Cl0.

2b Rot4lte the wavelength di.:U u.n:il the Sm..:l,l! display
shows: 340!i!r..

2c Fill bot..~ c.;vettes with acetone to the 25 mL line.
2d Ir.sen "Reierence" C".:vette inco cell holder on H.iJ.ch

:: DR/2OCO or DR/1010 wit-I:. side rr..ark.ed. "::.5 :nL"
or: t.I,e righ:.

2el Close li£;~t shield of the DRJ2aOO and press
"Cl...EA,~./ZE..:tO" \.:::.ey to establish the reference.
The disciav will read "WAIT" and then "0.000
Abs.-,

lll:
2e2 Close t.,....e light shield of the DR12010 il:1d press t.lote

{ZERO\ ic.ey, The d.isplay \"'ill read "Z~roir:g..." then
"0.000 Abs .....

2£ Remove the "Referen:::e" cuvette .;lor:. place the
-Sat:1Fle" cuvette in t..~e cell holder.

2g1 0" tr.e DRJ2000. press the ·'READ/e-."TER- key
and. record the abs.orbance on the .......orksn~: :IS
.. ACs:ackg:-ound-'
lll:

2g.2 On L;"'l:! DRJ2Ql0. Fress the (R.E.A.D] key anc :'e'Cord
t.."e acscr::a:;.ce on t..~e wodc.sh~ras
.. Abs~<:I.ckg:-:)unc.",

2.h U rt::aCi..."lg-LS greater tha... 0.002 1..'1. r:-;aptu.de
(+ 0:' -), ::.lean cuvet':es and redo sreps 2J.. 2g.

2i E..=i.p~' ~ce:.one froI::". "Sam:Jle" cuvette into wa.ste
con:':l.:::'c:,.

P~ge 4 of I:::.
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PHASE 2 SAMPLE EXTRACTION /I, PREPARATION

READ ALL INST~UCnONS 5EFORE ?ROCEEDING WlT"ri THE TESi

READ BEFORE PROCEEDING
Sar."'.Fle should be mixed to ~nsure a homo;e:leous s~mple.

WEIGH SAMPLE
3a Plo1ce 3:-. unused weigh. boat on pan

balance.
:3b Press ON/MEMORY burton un pan

b.u.nce. [3;llanc:e will bee-?:md c:!.isplay
0.0.

3c Weigh out 10+/· 0.1 grams of soil.
3d U bala.:\ce tu..-ns off prior to completinb

.....eighing. use ~"T\Pry weig!"l boat to
retare. then continu.e.

EXTRACT TNT

--
..-

C~ )---
43. Measure 50 m L .J.cetone in the SOC'lL

g:'01duated c:onial hlbe.
4b Pour o1cerone into an ex~ction jar.
4c Using wo:x:l.en spatula. transfer 10

:: g:4t:"LS eX soil from weigl". boat ir.to
-exttac::ion jar.

44 Recap e:'Cttilc:ion jar t:i;.~tly and shake
vigorously for three mJ.nutes.

4e .~ow to settle for fi .... e t:rlL"\ures.
Repeat steps 3a .4e for eac.-. sample to
be testec.

o

o

TIT
I

:a~- -
.... "Pl. p,.".,

P.a~ 5 oC 12
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PHASE 3 SAMPLE ANALYSIS

READ ALL INSIr'UCTIONS EE;:OR:: PROCEeDING WTn-i THE TE5i

READ SAMPLE

.:'

·?XC ~,7

601 rliJ.ce t:-.e ··S.J.mc!e'· ~uve:u~ in Lb.e ce!l
holde:o. .

6b Press the '·R,E-I\.D I E..?\J I cR- key and
record. the i1bsor::ance or. the .
worXsheet <15 - AbsiTUcUJ".

&e: Ret:1ove t..r,.e "Sar:".cle" C'.,Jve:te from the
cell holder. .

6d Add 1 d:op of D~veloperSolution.
Eoe Cap the "Sa:nple'· cuve:te and sh.ake

vigorously t'or.3 seconds.

DNT Analya.a Nota:
For J.rulVSLS or s.unoies contair".ing
Di\ll'. .1.n·d/or where DNT
conce:lC':l:ion is of concern, sarn:ples
ml.:st be allowed to develoo for 10
mir.ures before readi:tg sam-ole
abso:-ba..nc:e. This will not effect colo:
development for other rUti'aaromatic:s.

6f Rem.ove t..1-te C"..:.ver:e sto?~er and place
the -Sa.r:lple" cuve:te in tne cell holder.

6g Press the "READ/E?,i~'''ER-key and
record. the absa==a:-:ce on t..~e

wcricshe-e::ls .. Abssam=leH.

6h Clt!an C"~vet~e bet"Ween 'sat='1clies using
procec~e LI1 steps la - lh..

Pa~ 6 Y( I!

SCI ~T'N'TS. T_ ....... r:,-
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PHASE 4 INTERPRETATION

READ AlL INST;<UCTION5 SEcORE ?ROCE61ING WITH THE TEST

INTERPRETATION OF RESULTS
7~ Multiply the H Abs......... va-Iue

for eac:..~ sample b~·';'. E.."'1ter
t!'l.ese v~lues on t.,;"e
workshee:.

7b Subt:':l.ct t..+"is value from the
.. Abs_ H values ior each
sample and :l!coci on the
worKSheet.

7c Divide the adjusted. sample
va.lue by 0.0323 and record on
the wo-dc'sheer. nus value is
the TNT 'oncent:':1tion or the
sample i:'l parts per million.

Note;:. For ~ample
ccncen=01t!.ons greater than
3Opp::l t.~ sample extract
should be diluted. with.
acetone and reanalyzed.
Remember to multipiy the
result by the Clluc.on facter in
order to determine the correct
concent::'ation.

p~~ 7uf 1~

TNT{ppm) = Abssample - (Abs;l'1lca)%4)

0.=3
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CONTROL (QAlQC) CHECK
READ ALL lNSTr:\UCilONS 8E:=Oi=lE PROCEEDING WITH THE TCST

• The TNT control is optional. but it is recommended

that It t:e run daily.

---

......

....

,.'"-

-- nrr_.-;

--= .
=3

.

0-=.-
--=

0--• .-- ..
l:iax_..

1
9F....-

T

ANALYZE THE CONTROL .

r--;;;~;=----," 7 Pla.ce !:!.;l or 30 CC svri.."'ge in·ext'r.l~.ion jar
a.m:. draw UD 2S mL

8 Att41c:.."t sYringe filter and c:!isoe-~ in=;,
-Samcie"' c:u"'~. .

9 ..e...c.d i d.:op of developer solution.
10 Sap tr-..e cuvette and shake vigoro1.LSly for

oJ sec:onC.s.
11 Re::"love t."'te cuvct':e stopper ~nd place in

the ,eH holder. . •
12 Press -R.E.AD/El,rrr:.R- kev and re=rd

the absorbance on the worksheet as
- Abs,.",_".
Absoro;anc:e must be between 0.307 ..
O..3i3 for the test to be in controL
If test is not in cont:':Jl. clea.n "'Sa.='l.ole"
C".J.vene. and the:l. redo steps 7-12 Using
~e re::"!..1ini."'\g llC!,uid. f:-om :he ex~c::ion

Jar.
13 (f test lS L."'\ c:mtrol c.!.ea.n "Sa.m:Jle" cuvette

before ?roceedlng wit."l. S4l:'\pres.

PREPARE CONTROL
1 Measu.re SO r:tL .:J.ce~ne in the 50mL

grJ.duated conica! tube.
:2 POll: mto ex~a::.on jar.
3 Open TNT (onr=ol :unpule bv su?ping

amowe cracker over t01:l. o1nd then
breaking tip :l.t scored ried:..

1\ Transfer entire conterus of~ coneol
a.z:rt?ule into ext:01mon j.1r t.:.S.i:"Lg bulb
?lpet':C.

5 C.1p_ ext:':lc:tion jilr OI.:"\d shake vigorously
for ~ s.econc:.s.

P.2ge e of 12
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QUALITY CONTROL
READ J..LL INS~UCTIONS BEFORE. ?ROC::=~!NG WITH THE T::ST

System Oescription

E:;IC1 SOl EnSy:oll) TNT Scu TeSl sv:u~ c:nt;uns
e'1"!C1ol9n rT".3tenal ta gerfcrm twenry C:mClctc lesu.
The TNT Soil TestIS c:!lvtdea Into fCloIr =":3.:oes. Tne
,nstNc:::::ans and notes snould ~e re"'.e-ee bdon!l
pnx:'Itedlng \oItItn the lest.

Hotline Assistance

If YOIJ need ~s=na!or.,." m1ssu'9 nee.e:s.sary Tesc
Systl!lm ma~el'ults. call tell ft'!le: 1 -800-S4L-8881.

Validation Information
Proouc ::!alms are based on valldauon SIUC:lles ~med
out unoer c::ntf'C.lled c::ncltIOrtS. Oata nas ceen c:oUectad
In acc::m:.ancl!l wolfn ~ltd SgUSUc:J1 memocs and tr'le
pl'OdUC has undergone quahry Qrlu"Cl tes.tS ot ea~
lftanufac:untd lOt.

St"atee;IC: OiagnO'$tic= I"t:, eo~ not ;ual"3ntl!le that the
raslJlfs Wltn tn.e TNi Soli Test System 'WIll 3tw8yto agree
.....ch ins:r..lment-bas8d anatyac.1 la.t::lol'1!ltct"y l'T\etI'Ic:lIds All
anatytiC1l mBtl'lcds. tloU"l field and laboratory. need to be
sUbJet: 1.Q tJ'le al:lpn)pnate qUalIty c:ntn:ll ;:n::lC::udut1!lS.

How It Works

COt'ltrcts. Samoies, ;:Inc:! c:=lcr<."I..rll;e resQents are
i1e=e<t to C::.Jvenes. The c::lncenfr.ltlol'l :! TNT in an
un~no....n ~"';lI••~ C1etetTnlnel1::Y ~tlng now mlolC:
coler IS aevelopea.

auality Centrol

SUncar:::l ~~:::autlons fol'" m3lntalnlng qt.ta:lity control:

• 00 nct use nragems or C)mCQnents from ane Test
System ......tn ,..a981"1tS or c:::Ino:;lonent3;frcm anoe-ter
Test System,

• Oe net use lne Test SyslArm _her its ftla'aatlon date.

• The SilmCle must be analyZed Immediately after
adem; tr.1I!l De~loDer Seh,men.

• Resuits I":"'.ay nOf be valid if CR/2COO resdin.; fer
Contral 1$ Cy.1Slde of tne range of 0.307 • 0.373.

Stcrage and Handling Precautions

• Wear C~lec::Ne glOVe3 and eye """'8t.

• Slcrt!' lri:lt at r:x:IlTl IQml:letature an::! out atd~ sunlign
(lese (tl,an 80~.

• If acetcne c:m'Ies tl"ltO c:)nlact wlt1, eyes. wast't
tnon:lugnty _.Itt C:Old ....cer ana seek mmeata18
mediC21 anentlcn.

• Operate lest at temcerouUre5 greater than ,. C!40· F
MId !ess lnan :39· C/1CO· F.

• After use. aisccse 01 kIt c:::m=cnertts in ac:::::=rdance
_(I'l aO::IlC3cJe fec:eroll ana local rw;t.1atlons .

••
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OU-SITE QUAUlT CDHTROlJOUAUlY ASSURANCE •
RECOMMEHDADDHS

SOl EnSvsE> TEST SYSl£M

Please read Ih.lalla.la. Delare graCeedla. wllh lIeld lesual.

SAMPLING
The result ot your scr-.nin9 test Is only aa ...alid. as the sampt. t.h.;a.t was anal'y%ad... Samp,'a. should

t:- rlC:."oc;:lenizad thClnllughly to ensur1I L~:U. th• ., a c;:Ir.lms yo..r remo". to,. fi.ld taaring is r.clI'._,u,.atlYe of

tn. sample iU a whole. AU ome" apQlicaca. 5.a.mple handling pr-oc:.edur-s Sl'lould b. tcllo...-d. .as ••u.

PRlaR TO nSnNG SIIlPLES

c.a,..fully fallow tne inStr\lcnof"\3 in U\. Us.er"s Guide induced with .....ry test k1t. This b theltrf
.I.ment in obtl.i.ning .ec:ur:lte results. In adc1i'tlcn. stc,. your um.as.ec1 t-st kg at roo'" temJMrature and do

not us- tn~ I)aSt tneir expiration c::ne (s.. lat.t on ••ch test kill.

INTEIlIIU nSf oc
One cancrol Is provIded writ! ...ch Kll te pmw1de 'ntamal test system quaUty c:entrol. Test runs

rwsuldn9 in a nWftaer tMa.1 falls gutslde ot the spec:ified r.ange shol.lld be repeaLed 10 el"\Sunr valid

conctusions.

aJJac
n. 'n.lldtfy e:tf fLJild t&5t results 'Gan be suhs.cantLzUy en~:Z"C:.d by emgloytng :z. mod••t., but ett..._.

QAlCC p~. SOl nr=mmends th:al yo", st!'1JeuD"a your QAlQC ptan -.1U't the ••m.nts d.railed Deie-. The..
ha..... tte.n de••loped ba~d on tho t:.oIt,a ql"L;lUty princiC''-:s ..tabUs.h.d by me U.S. Environmena.1 Frctedlan

Ageru~:y.

A.. ~mple Oacum.ntation
1. L=c:allan. d~~t:'l

2. lime aM c::atl!J c::f e::llecon and field analysis
B. R.ld an.:lll'ySis cocum.ntation - !=rovlC~e raw C2t2. c:ali!:lrawm. any c.a1c:.lla!IQ:':'S. and fir:al results af

field anaiySls fer all sam;;les SC1!'ef\eQ lindUdtr'lg ac: s.amc::les)
C. ".thad Cillior.aUan - !!'lIS IS. af'l Inte,ral p.;Irt at SQllests; a TNT c=n~t analysis Sl'Icu.ld be

::erl~edaall.,. (see IMe InstruCIlans lI'l trle User's Guide)
O. "'thac! blank -field Zn31yzJ1 fn!$tI aeet::ne
E. Stt-pecific matl"'hc background fi.'d anatysis • died and riel= an:;alyZ.e un=t'ltamu\ate~

s.am;:18 tl'tlm Sltlll matrur. Ie doQ.lmeMt rnatn% effect
F. Cupllcaw sa:mpte field anaJoysis - fleJd analyze duplicate sample 10 dOC:':l":'ler"lt met."\oc

reoeatat:ility: .1t leas: OI"lC of _cry 20 s.a1T'lQ1~ SnQl.lld b. analyZed m QUelicale
G. Carrflrmatlan at tleld an..~ia - pn::l..,=e c:::InfirmatlCM of tl"l. c::~ntltatiot'lat the anal'f!e V\3

an E?~:lpr::vedmetl"lcC dlt!'~f'lr from tl'le field metncd on.ol.t least 10"/. of the samoles; p:~vide
~jr. cr :=JStctty and doC"~mcntaoonSUl:'! as ;as c-.~mato;rams.m~ s.oe~. l!I~

H. Performanclt .......Iu;atien ~mp.l.. 1i.ld sn4lly.i. {optional. b-.tt strongly r.comm_"dllld} - (1IIIl1c.
VUlIyU perfgrmanC8 c ...aJ\,;~t1Of'l samOle daily 10 C1=c.uTlent meU'lOC/op.erato" g,erformanr:.s

I. ~trix :pike field an~.ysts (optlOf'lzt) ~ lield 8NIyz= matrix splice to dCCl.:ment mat.-3: el":'eet
on analyte ~e~l.ln!rnel"tt

FUR,'iHER QUESTIONS7

sors 7ed'lf'lic::JJ SlJcocrt .,e!"So"''',=! 8t"8 a""'-'8~ prepare::l to di.s=.:= you:" c:t.l<llity t'leecs te net;: you meet

YOlJr d2t2 cuality c':pt::::'Ies. C.;ll 1-{BCO) ~ae.1.
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1

2

• Clean cuvenes

- Zero the spectrophotometer at 540 nm

- Add 10 9 soil and 50 ml acetone to extraction jar :

- Shake 3 minutes. let set1le

- Draw up 25 mL extract. filter into cuvette

3

4

• Read Abs .....,. record

• Add 1 drop developer solution. shake

• Read Abs sampl•• record

• Multiply Abs ;~'"' by 4

• Subtract from Abs sampt•

• Divide by 0.0323

-TNT(ppm) = Abs sa""". - (Abs..,iajX4)
0.0323

l'0', ,. r
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,., D
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TNT SOIL TEST KIT WORKSHEET
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Field Radionuclide Screening

Field screening for radionuclides will be performed. Due to the former operation of the
reactor facility by NASA ncar the site. field health physics measurement shall be provided
for the duration of the drilling activities. A report completed by SAle indicates some
degree of radiological materials present in drainage ditches in the Pemolite lagoon area.
(SAle. 1998) The publication EM 385-1-1 of3 Sep 96 provides in Pan 06.E.OI
procedures for working with radioactive materials. A portable direct reading instrument
will be used for monitoring soil samples and labeling samples to alert the analytical
laboratory to the potential of radiological material. In addition the health physics activity
includes aiding the team in minimizing exposure to the existing ditch area, sensing the
body covering of the employees on site and any row generated by the operation. Each
subswface soil sample shall be observed as it is recovered., and scanned for radiological
material. If radiological material is indicated, funher sampling shall be halted and
consideration given to alteration of procedures. Screening will insure minimized personnel
exposure and proper labeling and interim handling of the containerized samples and any
IDW created by the S1 activities. The radionuclide hazard is described in the Site Specific
Safety and Health Plan.

NASA has an existing program for minimizing radiological contamination from operations
in the PBRF area All tools and materials and personnel brought into the PBRF area must
be field screened by NASA before exit of the PBRF area is allowed. This will be the final
decontamination check for each event where the field team leaves the PAWL area.

Penlolite A.f'Q W:lSte l..Jcoons. Plum Brook OrcUJ;,,1l<% Works
ficIci S=lp1ini P1.1n ....tcduncnt
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1.0 DATA QUALITY OBJECTIVES PROCESS

The purpose of this docwnent is to provide the rationale for developing Data Quality
Objectives (DQOs) for the Site Investigation (SI) of the Pentolite Area Waste Lagoons
(PAWL) located at the fonner Plum Brook Ordnance Works (PBOW), Ohio FUDS Site.
The fonner Plum Brook Ordnance Works (PBOW) was operated from 1941 to 1945 by
the Trojan Powder Company under contract to the Anny Ordnance Department. The
facility manufactured trinitrotoluene (TNT), dinitrotoluene (DNT), and pentolite. The
PAWL were settling basins for the waste water from the pentolite manufacturing process.
Investigation of the PBOW is being addressed by the DOD under the Defense
Environmental Restoration Program (DERP), Fonnerly Used Defense Sites (FUDS)
program. This project is being undertaken by the US Army Corps of Engineers Louisville
District (CELRL) under the direction of the US Anny Corps of Engineers Huntington
District (CELRH)

The DQG process is a strategic planning approach based on the Scientific Method that is
used to prepare for a data collection activity. It provides a systematic procedure for
defining the criteria that a data collection design should satisfy, including when to collect
samples, sample collection locations, the tolerable level of decision errors for the study,
and how many samples should be collected.

The DQO process consists of the following seven distinct steps (USEPA. 1994):

• Step 1: State the Problem - Concisely describe the problem to be studied.
Review prior studies and existing information to gain a sufficient
understanding to define the problem.

• Step 2: Identify the Decision - Identify what questions the study will attempt
to resolve. and what actions may result.

• Step 3: Identify the Inputs to the Decision - Identify the information that
needs to be obtained and the measurements that need to be taken to resolve the
decision statement.

• Step 4: Define the Study Boundaries - Specify the time periods and spatial
area to which decisions will apply. Determine when and where the data should
be collected.

• Step 5: Develop a Decision Rule - Define the statistical parameters of
interest. specify the action level, and integrate the previous DQD outputs into
a single statement that describes the logical basis for choosing among
alternative actions.

Pentolite Area Waste Lagoons, Plum Brook Ordnance Works
Dala Quality Objectives
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• Step 6: Specify Tolerable Limits on Decision Error - Define the decision
maker's tolerable decision error rates based on a consideration of the
consequences of making an incorrect decision.

• Step 7: Optimize the Design - Evaluate infonnation from the previous steps
and generate alternative data collection designs. Choose the most resource
effective design that meets all DQOs.

The DQO process is iterative by design; the outputs of one step may influence other steps
in the process and improve the investigation as knowledge of the site increases.

2.0 BACKGROUND

2.1 Installation and Site History

Based on the Archives Search Report (USACE, 1993), the original PBS site was
established in 1941 and referred to as Plum Brook Ordnance Works (pBOW). The
installation was established for the purpose of manufacturing trinitrotoluene (TNT),
dinitrotoluene (DND, pentolite, and nitric and sulfuric acids. Built by E.B. Badger and
Sons Company, the facility was operated under contract by the Trojan Powder Company.
Production of explosives ceased two weeks after V-J Day, having manufactured in excess
of one billion pounds of explosives during the four~year operating period.

By September 1945, the entire Ordnance Inspection Department was abolished.
Decontamination of TNT, acid, pentolite and DNT manufacturing lines was completed
during the last quarter of 1945. On 17 December 1945, the physical custody of the plant
was transferred from Trojan to the Ordnance Department. The U.S. Army Corps of
Engineers asswned responsibility for maintenance and custodial duties until September
1946 when the property was transferred to the War Assets Administration (predecessor to
the Government Services Administration (GSA)), after it was certified by the U.S. Army
to be decontaminated. NASA acquired the PBOW in 1963 and is presently using the site,
now referred to as PBS.

The PBS site currently lies in an area that is primarily rural and agricultural with a low
population density. The NASA Lewis Research Center occupies a majority of the fonner
ordnance works. The Department of the Anny maintains a reserve center on the
westenunost portion of the facility. The remainder ofthe former installation is in private
ownership with the vast majority being cultivated. A tract on the northern boundary is
owned by the Perkins Board of Education and is utilized as a bus maintenance facility.

2
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The focus of this site investigation will be the fonner PAWL. Based on the PBS
Preliminary Assessment (PA) (Science Applications International Corporation (SAlC),
1991), the first stage of the pentolite manufacturing process involved the nitration of
pentaerythritol (PE) by adding nitric acid and water. Pentaerythritol tetranitrate (PElN)
was an end product oftrus process, along with wastewater containing 5% nitric acid.
Then, the PErN was treated with water, acetone, and ammonia bicarbonate to dissolve
and neutralize the free acid present. Mixing equal parts of PETN and TNT produced
pentolite. This step also involved the addition ofacetone and water. The stoichiometric
relationship of the pentolite manufacturing process is as follows:

• PE + HNO] + H20 7 PETN + wastewater (nitric acid as 5%)

• PETN + acetone + ammonia bicarbonate + H20 7 preliminary filtered
neutralized PETN + wastewater

• (lNT + acetone) + (PElN + H20) -7 pentolite + wastewater

The wastewater from the pentolite manufacturing process potentially contained
explosives, metals and acetone. Wastewater from each stage of the manufacturing
process was conveyed to two settling basins referred to as the PAWL via vitreous sewer
pipes. A wastewater ditch (15 inch channel pipe) encircled the entire perimeter of the
lagoons. Wastewater from the first two pentolite lines, along with wastewater from the
acetone recovery house, entered the lagoon at the west inlet to the wastewater ditch.
Wastewater from the third pentolite line entered the lagoon at the east inlet to the
wastewater ditch. Once inside the ditch, the flow of the wastewater was north to south.
Three inverts,located at the north and south ends of the lagoons, fed the wastewater into
two timber rising wells filled with limestone. These limestone beds were apparently
filters and extended 35 feet into the lagoons. It appears that the remainder of the basins
further settled the wastewater until it eventually passed over the outlet weir and was
pumped to a secondary treatment facility. Specific wastewater details, treatment
processes, and sludge disposal methods are not known.

The PAWL were constructed of pre-cast concrete blocks (15 ft. by 9 ft. by 4 in. thick)
with asphalt expansion joints, and each lagoon measured approximately 112 ft. by 137 ft.
Four to six inches of No. 4 gravel had Wlderlain the PAWL.

Based on the Site Inspection Report (Morrison Knudsen, 1994), the Pentolite Area was
decommissioned in 1945 when ordnance manufacturing ended, and all of the buildings in
the area were supposed to be removed or burned in place according to the
decontamination procedures. Decontamination of pentolite manufacturing Lines was
halted during the last quarter of 1945, and it was estimated that 65 % ofthe necessary
decontamination of PBOW was completed by December 1945. The "Shut Down and
Decontantination Procedures for PBOW, Sandusky, OH," (Dykema and Lee 1944) states

'"
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that the stand by and storage procedure for the pentolite settling basin shall consist of the
following:

Drain and flush limestone bed and basin proper with a high-pressure hose.
Remove limestone while it is completely wet and flush basin thoroughly after removal.
Inspect basin thoroughly for evidence of accwnulated explosives.

Based on the Records Reviews Report (Dames & Moore, 1997), there is no information
regarding decontamination of surrounding soils in the Pentolite Area. Furthermore, the
decontamination procedures do not mention the removal of the concrete slabs of the
PAWL. An aerial photograph from 1956 shows that the lagoons were still intact.
However, this aerial photo indicates that the vitreous sewer pipes leading to the lagoons
were removed. From the decontamination procedures, it is assumed that these lines were
flushed with water and then thoroughly cleaned with acetone.

According to SAIC, the PAWL remained essentially intact until 5 July 1956 when
approximately 500 acres (including the Pento1ite Area and PAWL) were leased by the
NACA from the Department of the Army. The Plum Brook Reactor Facility (pBRF) was
constructed on this site, and consequently, the PAWL were likely removed. The entire
Pentolite Area was filled and graded to facilitate construction ofthe PBRF. According to
Dames and Moore, a memo by Everett and Campbell in 1958 states that the "Pentolite
Area of approximately 117.3 acres was decontaminated, demolished, and cleared for use
as the Lewis Laboratory Reactor Facility". A 1959 historic topographic quadrangle
reveals the PBRF with no evidence of the PAWL.

No previous investigations have been performed at the waste lagoons. However, an
Underground Storage Tank Corrective Actions Remedial Investigation, Feasibility Study,
Phase I Report ( Ebasco Environmental, 1991) was performed in the vicinity of the
lagoons. Six monitoring wells were installed, and groundwater and soil samples were
collected. Four VOCs were detected in the soil samples.

2.2 PAWL Topography

According to historic plans obtained from the previously referenced SAle report, the
surface elevation of the waste lagoons was originally at 626.15 feet above mean sea level
(msl). The perimeter of the waste lagoon angled at a slope of about 2: I to a bottom
elevation of 620.5 mst. The surface of the area that presently occupies the former PAWL
is relatively flat and at about 630 feet above (ms1). Based on review of historic
topographic quadrangles (USGS, 1959, 1969 and 1979), the surface elevation in the
fonner PBOW has not changed significantly since 1959.

4
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2.3 Geology

Based on the Site Wide Ground Study (IT Corporation, 1997-1998), three fonnations, all
of the Devonian Age, underlie the former PBOW site. The Delaware Limestone is the
lowermost [annatian. It is characterized as a hard, dense, finely crystalline limestone and
dolomite. Dissolution of this unit has been described which has produced solution
channels along bedding planes and joints, and even producing caverns in some areas.
The unit is typically buff colored and usually described as fossiliferous. In the vicinity of
PBOW, benzene, toluene, ethyl benzene, and xylene (BTEX) and hydrogen sulfide are
common in area quarries. Overlying the Delaware Limestone is the Olentangy
Formation. Two members of the Olentangy Formation have been characterized at the
PBOW site, the Plwnbrook Shale and the overlying Prout Limestone. The Plum Brook
Shale is interpreted to consist of approximately 35 feet of bluish-gray, soft, fossiliferous
shale containing thin layers of dark, hard, fossiliferous limestone. The Prout Limestone
has been interpreted to be a unit approximately 15 feet thick which outcrops occasionally
in a 1,000 to 2,000 foot-wide, northeast striking band across the middle portion of the
PBOW. It has been described as a dark-gray to blue, very hard, silicious, fossiliferous
limestone or dolomitic mudstone. The uppermost formation at the PBOW site is the
Ohio Shale. Only one member of the Ohio Shale is present in the PBOW area- the Huron
Shale. This unit has been described as black, thinly bedded, with pyrite and abundant
carbonaceous matter with some large pyrite/carbonate concretions up to 6 feet in
diameter.

The bedrock overburden in Erie County is predominantly glacial till, glacial outwash or
glacial lacustrine (lake) deposits. In the vicinity ofPBOW, the soil has been interpreted
to be lacustrine. In many areas, the overburden also consists of highly weathered
bedrock. The thickness of the overburden ranges from approximately 5 feet or less for
most ofPBOW to greater than 25 feet. The overburden is thickest on the northern
portion of the site.

A subsurface boring record (Dames and Moore, 1997), located about If. mile east of the
PAWL site, revealed a subsurface profile consisting of an upper layer of brown fine sand
extending from the ground surface to a depth of approximately 6 ft bgs. Based on the
review of historical grading plans, this upper layer may be fill material associated with
the construction of the PBRF. This fill may be over the PAWL site based on the historic
grading plans reviewed. The presence of this fill is further indicated by review of the
United States Department of Agriculture (USDA) Soil Conservation Service, Soil Survey
of Erie county dated 1971. This upper layer is generally underlain by a layer consisting
of silty clay and clayey silt soils extending to limestone bedrock. Shale fragments were
encountered in the overburden soils from 14 feet to 24 feet bgs. Limestone bedrock was
encountered at a depth of about 24 feet bgs.
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2.4 Hydrogeology

Based on the Site Wide GtOundwater Study (IT Corporation 1997-1998), potable
groundwater is encountered in the bedrock units underlying the PBOW site. Generally
this groundwater flows northward toward Lake Erie. Based on published hydrogeologic
information (Gtoundwater Resources of Erie County, 1986), the PBOW site includes 3
distinct hydrogeologic regimes. Groundwater yields from these regimes range from
limited, to the northeast and south, to more than 500 gallons per minute (gpm), to the
northwest.

It is anticipated that groundwater in the overburden soils beneath the PAWL site would
be perched or trapped water. Perched water occurs in irregular, discontinuous granular
zones within the soil overburden. Perched water sources contain widely varying
quantities of water depending on recent precipitation and other site-specific factors.
Based on the soil types expected, overburden groundwater quantities should be minimal.

Based on the aforementioned hydrogeologic information. the PAWL site is in a
hydrogeologic regime that reports yields of 15 gpm. or less from wells drilled into the
limestone. Hydrogen sulfide may be present in varying amounts.

3.0 Data Quality Objectives Process

3.1 Step 1- State the Problem: The purpose of this step is to defme the problem so
that the focus of the study will be unambiguous. Concisely describe the problem to be
studied and review prior studies and existing information to gain a sufficient
understanding to define the problem.

3.1.1 Identification of Planning Team Members:

Project Manager:
Project Engineer:
Industrial Hygienist:
Safety QC
Risk Assessor:
QA Chemist:
Independent Technical Review:

o.

Pentolite Area Waste Lagoons, Pll,lm Brook Ordnance Works
Ow: Quality Objectives

Rick Meadows, CELRH-DL-M
Chris Karem, CELRL-ED-EB
Shelton Poole, CELRL-ED-EB
Shirley Dunn, CELRL-SO
David Brancato, CELRL-ED-EE
Samir Mansy, CELRL-ED-EB
Doug Meadors, CELRL-ED-EE
Martin Wahking, CELRL-ED-EB
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3.1.2 Description of Problem: Potential contamination at the PAWL was
identified in a project sununary sheet, as an exhibit to an Inventory Project Report
(INPR) prepared by Huntington District, which requested a Limited Site
Investigation. The purpose of the Limited SI was to identify any contamination
related to the previous Anny activities. Soil samples have not been collected in
this area.

3.1.3 Potential Transport Mechanisms: Potential transport mechanisms in
the PAWL include:

• Surface runoff to Hemming Ditch.
• Leaching through the soil colwrm to the subswface soil and groundwater.

3.1.4 Resources and Relevant Deadlines for the Site Investigation:
The funding resources for Site Investigations are provided Wlder the DERP-FUDS
DOD program. This limited SI must be completed by the end ofFY 99 in order
to closeout the records for this project in the financial system. The Louisville
District Environmental Engineering Branch is slated to provide the necessary
labor to complete the investigation. This is slated to be a limited SI since it is the
initial investigative work for the PAWL.

3.2 Step 2: Identify the Decision - The pwpose of this step is to define the decision
statement that the study will attempt to resolve.

3.2.1 Principal Study Question - Do constituents of concern exist in the
environmental media at the PAWL at levels that would exceed those fOWld in
USEPA Region IX PROs?

3.2.2 Alternative Actions that could result from Resolution of the
Principle StUdy Question:

• SI report recommendation: Coordinate with federal and state regulatory
authorities to proceed toward a no further action (NFA) decision document.

• SI report recommendation: Additional site investigation or interim measures.

3.2.3 Decision Statement - The primary decision for the site investigation is
to determine whether the coes present at the PAWL are at levels that exceed
media specific screening criteria (Region IX PRGs) and thus would require
further action.
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3.3 Step 3: Identify Inputs to the Decision - The pwpose of this step is to identify
the informational inputs that will be required to resolve the decision statement and
determine which inputs require environmental measurements.

3.3.1 Information Required to Resolve Decision Statement:

• Historical records, interviews, aerial photographs, visual inspections and
previous environmental investigations will be utilized to make an informed
decision about the expected type ofcoes. 1b.is information in conjunction
with site topography, geology, site hydrology and hydrogeology will help
determine locations where contaminated media will be discovered.

• Transport mechanisms and chemical properties ofeOCs to evaluate migration
pathways.

• Analytical samples and results from the corresponding environmental media
within the PAWL to compare to PRGs.

3.3.2 Sources for Information - DERP-FUDS and EPA guidance are the
principle tools leading this investigation. CELRH has an extensive administrative
record (AR) for the fonner PBOW. A review of excepts from this AR and other
sources including historic aerial photographs, historical topographic quadrangles,
published geologic information and data base searches revealed useful
information about the site. Information regarding the chemical properties and
characteristics of COCs can be obtained from the NIOSH Chemical Guide
(NIOSH 1998). The "References" section of the Quality Assurance Project Plan
(QAPP) dated June 1999 for this project contains a complete listing of the
reviewed information.

3.3.3 Information Needed to Establish the Action Level and Confirm
that Appropriate Measurement Methods Exist to Provide the
Necessary Data - The action levels for the contaminants of concern (COCs)
will be the USEPA Region IX screening criteria for the protection of human
health. USEPA SW-846 analytieal methods were selected for sample analysis to
provide Method Detection Limits that are sufficiently low enough to allow
comparison with applicable screening criteria. The performance-based methods
have inherited quantitative and qualitative QA objectives, internal method
requirements, and specific QC limits. These methods along with strict USEPA
QAlQC guidance and protocols will provide data that will meet data quality
objectives.

3.4 Step 4 - Define Site Investigation Boundaries - This step describes the
spatial and temporal boundaries of the site investigation to which decisions will apply.
Characteristics of the population to be sampled are defined, and practical considerations
for the site investigation are evaluated in this section. Based on the initial results of the
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site investigation, additional data may be required to further defme the investigation
boundaries.

3.4.1 Characteristics that Define the Population of Interest - The CDC
associated with the wastewater at the lagoons that may have been released into the
environment include explosives, metals and acetone. Because the CDC may exist
in different soil strata, more than one stratum should be characterized by
sampling. Samples should he collected from the surface soil to characterize the
population of CDC that may have been redistributed by construction activities at
the Plum Brook Reactor Facility (pBRF). Samples should also he collected
within the location of the fonner lagoons at and below the elevation of the bottom
of the former lagoons to evaluate constituents that may have been left in place or
migrated downward through the soil colunm.

3.4.2 Spatial Boundary of the Decision Statement - The site
investigation will focus on the PAWL, identified in historical drawings, aerial
photos, and site visits. The approximate size of the PAWL is 1.3 acres. The
Horizontal extent of the investigation is shown on the Boring Location Plan (see
Field Sampling Plan (FSP». The vertical extent of contamination is to bedrock,
which is anticipated to he about 25 feet bgs.

3.4.3 Temporal Boundary ofDecision Statement - The analytical data
obtained from this site investigation will be used as valid indicators ofCDCs
throughout an exposure time frame of 50 years. The sampling for this
investigation should take place in the time frame of early spring through swrnner.
Ifperfonned in this time frame, optimum weather conditions for fieldwork should
occur.

3.4.4 Scale ofDecision Making - The scale of decision making will be
based on the concentrations of the possible contaminants identified in the surface
water, surface soil, and subsurface soil samples compared to the values for the
Region IX PRGs.

3.4.5 Practical Constraints on Data Collection - Practical constraints on
data collection for this site investigation could be scheduling problems, access
problems, personal injury during fieldwork, illness, dangerous weather, andlor
budget constraints.

3.5 Step 5: Develop a Decision Rule - Defme the statistical parameters of interest,
specify the action level, and integrate the previous DQD outputs into a single statement
that describes the logical basis for choosing among alternative actions.
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3.5.1 Specify the Parameter that Characterizes the Population of
Interest- The concentration levels aCthe coes found will be compared to the
levels aithe specific screening criteria. Any findings surpassing the criteria levels
will become the area of focus for further investigation.

3.5.2 Specify the Action Level for the Site Investigation - The analytical
sample results will be compared to the proper screening standard set forth by
Region IX PRGs. The levels of screening are consezvative so that the proper
protection is met for both human health and the environment

3.5.3 Decision Rule - If concentration levels of the COCs are higher than that
of the criteria levels. then a reconunendation for further investigation and or
remediation will be implemented. lithe concentration levels are below the
criteria, then an approach for a No Further Action (NOFA) will be developed.
During the review process data gaps may be uncovered. Such data gaps may
require additional media sampling and analytical chemistry effort to proceed to
NOFA.

This is a limited SI, which only uses a very small number of samples. Such
samples are taken from the most likely locations of contamination. Therefore,
each sample result will be compared to screening criteria.

3.6 Step 6: Specify Tolerable Limits on Decision Error- Define the decision
maker's tolerable decision error rates based on a consideration of the consequence of
making an incorrect decision.

3.6.1 Determine the Possible Range of the Parameter of Interest
Previous samples have not been taken at the former PAWL site. Therefore, the
minimum value used for the parameter of interest is the concentration at the
detection limit for each COCo The maximum values are those that exceed the
appropriate screening criteria.

3.6.2 Identify the Decision Errors and Choose the Null Hypothesis - A
non-statistical sampling plan will be used to position the location of each sample
along with the number of samples. nus process is being implemented because
this is a limited 51. The sampling will be beth purposeful and biased to locations
that are most likely contaminated. Four steps are used to define where each
decision error occurs relative to an action level and establish the decision errors
associated with the sampling design.

Definition of Decision Error As in any statistical test, there are two kinds
of error that can occur in implementing the decision rule: the null
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hypothesis may be rejected when true (Type I error, with probability u), or
the fail to reject decision may be made when false (Type n error, with
probability Pl. The number of samples needed to make the decision is
driven by the error rate that can be tolerated, as well as by other
considerations such as spatial variability ofCOCs distributions. Because
this is a limited SI, probability errors will not be considered herein.

The Null Hypothesis (baseline condition) and the Alternative Hypothesis
The baseline conditions or null hypothesis for the PAWL is "coes
detected in the soil or surface water are at concentrations that warrant
additional investigation activities", The alternate hypothesis is "coes
detected in the soil or groundwater are at concentrations that do not
demand additional investigation activities". In tenns of this investigation,
the default assumption (null hypothesis) is that the concentrations of
coes at the site are significant enough to require further investigation.

Potential Consequence of Each Decision Error - In the event that the test
results do not exceed the criteria levels when actual site levels do exceed
criteria levels (Type I error), then possible endangerment of human health
and the environment could occur. If this takes place then the Army Corps
of Engineers and its sister agencies responsible for protection of human
health and the environment would not be meeting their stated mission. If
the COCs are detected at a concentration level that exceeds the criteria
levels when actual site conditions do not, then the Army will have
unnecessary expenses associated with additional investigation activities.

Which Decision Error Has More Severe Consequences Near the Action
Level- For the purpose of protecting human health and the environment,
the Type I error has more severe consequences in terms of the stated null
hypothesis. The Type I decision error has a more severe consequence near
the action level since the risk ofjeopardizing human health is likely to
outweigh the consequences associated with additional investigation
expenditures and schedule delays. In using the data collected, careful
review will be made to insure that the Type I error is not likely to occur. If
the review warrants. additional investigation will be reconunended.

3.7 Step 7: Optimization of the Sampling Design - The purpose of this step is to
identify a resource-effective data collection design for generating data that are expected
to satisfy DQOs. This 51 will be based on surface and subsurface soil samples collected
within and below the potential source area (that is, the fonner lagoons, themselves). As

A.
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more information is obtained, the sampling design may be optimized to accomplish the
goals of this investigation.

No existing chemical data is available for the PAWL. Therefore, the sampling design is
based on hypothetical expectations of what may be detected at the site. Alternative
sampling plans could require additional samples and funds; however, the scope ofthis Sl
is limited in nature.

A review of historical information and reports indicated that a layer of 3 to 10 feet offill
material may exist over the fonner lagoons. Therefore. mechanical drilling equipment
will be utilized to obtain subsurface soil samples.

The soils will be investigated by advancing 5 to 7 borings within the former waste
lagoons. The borings will be advanced using a direct-push hydraulic sampler.
Continuous soil samples will be obtained in 2 to 4-foot intervals until the boring
termination depth is achieved or refusal is encountered. Boring tennination depths will
vary from 5 to 25 feet depending on observations at the time of the borings. We do not
know if the lagoon's walls and bottoms were removed during decommissioning
activities; therefore, it is possible they are still in place and may he impenetrable to our
drilling equipment. Based on previous borings in the vicinity, bedrock refusal will be
encountered at about 25 feet bgs. Proposed boring locations are given on the Boring
Location Plan (see Field Sampling Plan (FSP)).

Field headspace screening will be performed on a portion of each sample interval based
on visual indications. Headspace screening will be perfonned using a Photoionization
Detector (Pill). Field TNT screening will be performed on a representative portion of
each sample interval. Screening for TNT will be perfonned using an EnSys Test Kit in
accordance with the procedures outlined in the FSP. Each sample collected will be
classified in accordance with the Unified Soil Classification System (USCS) using field
index tests.

Selected soil samples will be sent, under chain of custody protocol, to an off site
laboratory for chemical analysis. Chemical analysis of each laboratory sample will
include VOCs, TAL metals, and Explosives. Testing for pH, TOC and Sieve/plasticity
<inalysis will be performed for every change of soil strata. Samples selected for chemical
analysis will be based on the interval most likely to be contaminated from the
organoleptic indications andlor field screening results. Selection of samples for
sieVe/plasticity testing will be determined in the field in order to validate field uses
classifications.
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