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Tips

The analytical data objective for baseline risk assessments is that uncertainty is known and
acceptable, not that uncertainty be reduced to a particular level. (p. 3]

To maximize data useability for the risk assessment, the risk assessor must be involved from
the start of the Rl. {p. 7)

All data can be used in the baseline risk assessment as long as their uncertainties are clearly
described. (p. 11} : .

‘Uncertainty in the analytical data, compounded by uncertainty caused by the selection of the
transport models, can yield results that are meaningless or that cannot be interpreted. (p. 14)

Uncertainties in toxicological measures and exposure assessment are often assumed to be
greater than uncertainties in environmental anal ytical data; thus, they are assumed to have a
more significant effect on the uncertainty of the risk assessment. (p. 17}

Analytical data collected solely for other purposes may not be of optimal use to the risk
assessment. (p. 20) :

Effective planning improves the useability of environmental analytical data in the final risk
assessment. _
{p. 25) .

Use historical analytical data and a broad spectrum analysis to initially identify the chemicals
of potential concern or exposure areas. (p. 26}

To expedite the risk assessment, preliminary data should be provided to the risk assessor as
soon as they are available. (p. 35) _

To protect human health, place a higher priority on preventing false negatives in sampling
and analysis than on preventing false positives. (p. 41) .

Use preliminary data to identify chemicals of potential congern and to determine any need to
modify the sampling or analytical design. (p. 41)

Specific analysis for compounds identified during library search can be requested. (p. 41)

The closer the concentration of concern is to the detection limit, the greater the possibility of
false negatives and false positives. (p. 47) . '

The wide range of chemical concentrations in the environment may require multiple analyses
or dilutions to obtain useable data. Request results from all analyses. {(p. 47} '

Define the type of detection or quantitation limit for reporting purposes; request the sample
quantitation limit for risk assessment. {p. 47)

When contaminant levels in a medium vary widely, increase the number of samples or
stratify the medium to reduce variability. (p. 50)

Sampling variability typically contributes much more to total error than analytical variability.
{p. 50) : :
Field methods can produce legally defensible data if appropriate method QC s available and
if documentation is adeguate. (p. 57)

To minimize the potential for false negatives, obtain data from a broad spectrum analysis
from each medium and exposure pathway. (p. b8}

The CLP or other fixed laboratory sources are most appropriate for broad spectrum analysis
or for confirmatory analysis. {p. 58)

Solicit the advice of the chemist to ensure proper laboratory selection and to minimize
laboratory and/or methods performance problems that occur in sample analysis. {p. 58)

Use of the Sampling Design Sefection Worksheet will help the RPM or statistician determine
an appropriate sampling design. (p. 65)

* For further information, refer to the text. Page numbers are provided.
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- Tips
(cont'd}

While other designs may be appropriate in many cases, strati ﬁed random or systematic '
sampling designs are always acceptable. (p. 65} '

- If the natural variability of the chemicals of potential concern is !argé fe.g., greafer than 30'-%),

the major planning effort should be to coliect more environmental samples. (p. 72)

At least one broad spectrum analytical sample is required for risk assessment, and a
minimum of two or three are recommended for each medium in an exposure pathway. (p.

.73} : "

Collect and ana!yzé backgfound samples prior to the final determination of the sampling
design since the number of samples is significantly reduced if little background '
contamination is present. (p. 75} -

Systematic sampling supplemented by judgmental sampling is the bést strategy for-
identifying hot spots. (p. 75} :

- Focus planning efforts on maximizing the collection of useable data from "cr:'ticai samples. (p.

The ability to combine data from different sampling episodes or different sampling
procedures is a very important consideration in selecting a sampling design but should be
done with caution. (p. 78)

Ensure that critical requirements and priorities are specified on the Method Selection _
Worksheet so that the most appropriate methods can be considered. (p, 83)

Use routine methods wherever possible since method development is time-consuming and
may result in problems with laboratory implementation. (p. 83) o
Analyte-specific methods that provide better quantitation can be considered for use once
chemicals of potential concern have been identified by broad spectrum analysis. (p. 84)

All results should be reported for samples analyzed at more than one dilution. (p. 85)

-Field analysis can be used to decrease cost and turnaround time providing data from a broad

spectrum analysis are available. (p. 89) _
Focus corrective action on maximizing the useability of data from critical samples.. {(p. 97)

Use preliminary data as a basis for identifying sampling or analysis deficiencies and taking
corrective action. (p. 100/ : ' '

Problems in data useability due to sampling can affect all chemicals involved in the risk
assessment; problems due to analysis may only affect specific chemicals. (p. 100)

Qualified data can usually be used for quantitative risk assessments. (p. 105)

Anticipate the need to combine data from different sampling events and/or differeht- .
analytical methods. (p. 107) _

Determine the distribution of the data before applying statistical measures. {p. 109) '

Determine the statistical measures of performance most applicable to site conditions before
assessing data useability. (p. 110} : '

Use data qualified as U or J for risk assessment purposes. (p. 113)

The major concern with false negatives is that the decision based on the risk asséssment may
not be protective of human health. (p. 117)

False negatives can occur if sampling is not representative, if detection limits are above
concentrations of concern, or if spike recoveries are very low. {p. 117)

False positives can occur when blanks are contaminated or sp ike recoveries are very high. (p.
118)

Statistical analysis may determine if site concentrations are significantly above background
concentrations when the differences are not obvious. (p. 120} _ :

The primary planning objective is that uncertainty levels are acceptable, known and
quantitatable, not that uncertainty be eliminated. (p. 121) : -
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PREFACE

The U.S. Environmental Protection Agency (EPA) has
established a Data Useability Workgroup to develop
national guidance for determining data useability
requirements needed for environmental data collection
on hazardous waste sites under the Comprehensive
Environmental Response, Compensation, and Liability
Act of 1980 (CERCILA) as amended by the Superfund
Amendments and Reauthorization Actof 1986 (SARA).
Datauseability is the process of assuring or determining
thatthe quality of data generatedmeets the intended use.
This guidance has been designed by the Rigk Assessment
Subgroup of the Data Useability Workgroup to provide
data users with a nationally consistent basis for making
decisions about the minimum quality and quantity of
environmental analytical data that are sufficient to
support Superfund risk assessment decisions, regardless
of which parties conduct the investigation. This
document is the first part (Part A) of the fwo-part
Guidance for Data Useability in Risk Assessment. Part
B of this guidance addresses radioanalytical issues.

Risk Assessment Guidance for Superfund (RAGS),
Volume I+ Human Health Evaluation Manual, Part A
(EPA 1989a) serves as a general guidance document for
the risk assessment process. Building upon RAGS, an
“inferim final” version of Guidance for Data Useability
in Risk Assessment was issued by the Risk Assessment

Subgroup of the Data Useability Workgroup in October

1990. The gnidance was issued as “interim final” in
order to obtain and incorporate comunents and ¢riticisms
from data users who tested it in real-world situations.

The authors acknowledge the significanthelp of all who
have provided comments and criticisms. The results
indicate thatmany peoplereact favorably tothe gnidance
and find it useful in planning a risk assessment or in
evaluating assessments already underway. Issues were
identified where guidance in the interim final needed to
be supplemented or discussed i more detail. These
issmes include providing a more detailed discussion of
sampling strategies, incorporating groundwater factors,
addressing soil depth for exposure, and obtaining
background data. Issues concerning data reposting
formats, validation and use of non-CLP data, and
tentatively identified compounds were also identified.
The final version of the gnidance provides greater detail
in the discussion of these and other issues.

This guidance provides direction for planning and
assessing analytical data collection activities for the
baseline human health risk assessment, conducted as
part of the remedial investigation (RI) process.
Although the guidance addresses the baseline risk
assessment within the R, it is appropriate for use in
the new Superfund Accelerated Cleanup Model
(SACM) where data needs for risk assessment are
considered at the onset of site evaluation. Site-

xi

specific conditions may often reguire sampling or
analysis beyond the basic recommendations given in
this guidance. The guidance does not directly address

‘the wse of ecological data for purposes other than

baseline risk assessments for human health, although
some considerations have been inciuded when datamay
be used for both ecological and human bealth evaluation,

This guidance complements guidance providedinRAGS
(EPA 1989a), Guidance for Conducting Remedial
Investigations and Feasibility Studies Under CERCLA
(EPA 1988a), and Data Quality Objectivesfor Remedial
Response Activities: DevelopmentProcess (EPA 1987a).
RAGS provides the framework for making data quality
assessments in baseling risk assessments, and this
guidance supplements and strengthens important
technical details of the framework by providing direction
on minimum requirements for environmental analytical
data used in baseline risk assessments. As such, it
complements and builds upon Agency guidance for the
development and use of data quality objectives in all

. data collection activities.

This guidance is addressed primarily to the remeial
project managers (RPMs) who have the principal
responsibility for leading the data collection and

~ assessment activities that support the human health risk

assessmentand, secondarily, torisk assessors who must
effectively communicate their data needs to the RPMs
and use the data provided to them. Chemists, quality
assurance specialists, statisticians, hydrogeologists and
other technical experts involved in the RI process can
use this guidance to optimize the useability of data
collected in the RI for use in baseline risk assessments.

Comiments on the guidance should be sent to:

Toxics Integration Branch

Office of Emergency and Remedial Response
401 M Street, SW (0O8-230)

Washington, DC 20460

Phone: 202-260-9486
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Chapter 1
Introduction and Background

This guidance was developed by the U.S. Environmental
Protection Agency (EPA) for remedial projectmanagers
(RPMs), risk assessors, and contractors, It is published
in two parts; this document is Part A. Part B solely
addresses useability issues in radioanalytical sampling
and analysis for risk assessment, Both parts of this
guidance are designed to assist RPMs in maximizing
the useability of environmental analytical data collected
in the remedial investigation (RI) process for baseline
human health risk assessments. Since RPMs, with
assistance from technical experts, oversee the preparation
of workplans and sampling and analysis plans for RI
data collection, it is important for them to understand
the types, quality and quantity of data needed by risk
assessors, and the impact that their data collection
decisions have on the level of certainty of baseline risk
assessments for human health, This guidance provides
detailed approaches and basic recommendations for
both obtaining and interpreting data for risk assessment
that specifically address:

» How todesign RIsampling and anatytical activities
that meet the data quantity and data quality needs
of risk assessors,

» Procedures for assessing the quality of the data
obtained in the RI,

+ Options for combining environmental analytical
data of varying levels of quality from different
sources and incorporating them into the risk
assessment,

+ Procedures for determining the level of certainty
in the risk assessment based on the uncertainty in
the environmental analytical data, and

« Guidelines on the timing and execution of the
various activities in order to most efficiently
produce deliverables,

Although the guidance addresses the baseline risk
assessment within the R1, it is appropriate for use in the
new Superfund Accelerated Cleanup Model (SACM)
where data needs for risk assessment are considered at
the onset of site evaluation.

Risk assessors should be an integral part of the RI
planning process toensure that adequate environmental
analytical dataof acceptablequality and quantity for the
risk assessment are collected during the RI. This
guidance assists risk assessors in communicating their
environmental analytical dataneeds to the RPMs. Risk
assessors should work closely with the RPMs toidentify

and recommend sampling designs and analytical
methods that will maximize the quality of the baseline
risk assessment for human health within the site-related
and budgetary constraints of the RI, and will produce
consistent risk assessments useful o risk managers.

This guidance provides a number of worksheets and
exhibits that can be used as bases for the organization of
sampling or analytical planning or assessment processes.
However, implementation of guidance will be site-
specific, and site personnel should develop and modify
these guidance materials to best suit the conditions at

their site.

Although ecological data useability is not addressed
specifically in this guidance, the chemical data obtained
from site characterization are useable for certain elements
of the ecological assessment. In an ecolegical
assessment, the chemicals of potential concernand their
priorities may be different than those of the human
health risk assessment. For example, iron is rarely of
concem in homan health risk assessments, but high
levels of iron may pose a threat to aquatic species. Eco-
guidance documents relevant torisk assessment include
Risk Assessment Guidance for Superfund, Volume II:
Environmental Evaluotion Manual (EPA. 1989b), ECO
Update (EPA 1991a) and Ecological Assessment of
Hazardous Waste Sites: A Field and Laboratory
Reference (EPA 1989c).

1.1 CRITICAL DATA QUALITY ISSUES
IN RISK ASSESSMENT

Five basic environmental data quality issues are
frequently encountered in risk assessments. This
guidance provides procedures, minimum requirements,
and other information to resolve or minimize the effect
of these issues on the assessment of uncertainty in the
risk assessment. The issucs affect both the planning for
and the assessment of analytical data for use in RI risk
assessments. The following sections describe these
issues and their impact on data useability, and highlight
the resolutions of these issucs.

Acronyms

CLP Contract Laboratory Program

EPA 1J.S. Environmental Protection Agency
QAPP  quality assurance project plan

RAGS  Risk Assessment Guidance for Superfund
RI remedial investigation

RPM remedial project manager

SACM  Superfund Accelerated Cieanup Model




1.1.1 Data Sources

Data users must select sampling and analytical
procedures and providers appropriate to the data needs
of each risk assessment. Practical tradeoffs among
detection limits, response time, documentation,
analytical costs, and level of uncertainty should he
considered prior toselecting sampling designs, analytical
methods, and service providers.

The Contract Laboratory Program (CLP) has been the
principal source of analytical data for investigations at
hazardous waste sites. The CLP requires adherence to
specific data acceptance criteria which results in data of
known analytical quality produced in a standardized
package. Another principal source of analytical data is
the EPA Regional laboratory, which often produces
data similar in quality to that of the CLP. Other
analytical sources, such as field analysis or fixed
Iaboratories (EPA, state, or private), can also produce
dataof acceptable quality. Accordingly, RPMsand risk
assessors should seek the source of data that best meets
the data quality needs of the risk assessment. Section
4.2 provides guidance for selecting analytical sources.

Field analytical data have been used primarily to aid in
making decisions during sampling. However, recent
advances intechnology, when accompanied by sufficient
and appropriate quality control measures, allow field

analytical data to be used in risk assessments with more

frequency and more confidence than in the past. By
using field analyses, RPMs can increase the mmmber of
samples to better characterize the site and significantly
decrease sample turnaround time (to provide real-time
decision-making in the field} as long as acceptable data
quality is maintained. Guidance for assessing the
useability and applicability of ficld analytical datain the
“risk assessment process is also provided in Section 4.2,

For any source of monitoring data, RPMs must ensure
that data quality objectives, analytical methods, quality

. controlrequirements and criteria, level of documentation,

and degree and assignment of responsibilities for quality
assurance oversightare clearly documentedin the quality
assurance project plan (QAFjP). In addition, the RPM
is responsible for the enforcement of these parameters.
For non-Superfund-lead analyses, the potentially
responsible party, state, or federal agency determines
and documents these parameters, The QAP)P is then
submitted to the RPM forreview. In all cases involving
risk assessment, the RPM shouldalways seek the source
of data that best meets the data quality needs of the risk
assessor. The data source chosen must generate data of
known quality.

1.1.2 Detection Limits

Selecting the analytical method to meet the required
detection limits is findamental to the useability of
analytical data in risk assessments. In addition, the type
of detection Hmit, such as method. detection. limit or
sample guantitation limit, used in making data quality
decisions aifects the certainty of the risk assessment.
Guidance for making these decisions is provided in
Section4.2. Preliminary remediation goals, as defined
in Risk Assessment Guidance for Superfund (RAGS)
Volume I: Human Health Evaluation Manual, Part B
{EPA 1991b), provide criteria to be considered in
evaluating the adequacy of detection limits.

1.1.3 Qualified Data

Laboratories, and individuals conducting independent
data review, affix coded qualifiers to data when quality
control requirements or other evaluation criteria are not
met. Data reviewers assess these and many other
ctiteria to determine the useability of data, Qualified
data must be used appropriately in risk assessments,
Data are almost always uscable in the risk assessment
process, as long as the uncertainty in the data and its
impacton the risk assessment are thoroughly explained.
Section 5.6 describes procedures for incorporating
qualified data and data of varying analytical quality into
the risk assessment. e

1.1.4 Background Samples

In conducting arisk assessment, itis critical to distinguish
site contamination from background levels due to
anthropogenic or naturally occurring contamination in
order to determine the presence or absence of
contamination and to compare with background risk.

-Analytical data reported near method detection limits

and sample results qualified during data review
complicate the use of background sample data to
determine site contamination. Planning for the collection

~of a sufficient number of background samples from

representative locations increases the certainty in
decisions about the significance of site contamination.
Section 4.1 discusses how statistical analysis and
professional judgment can be combined to design a
sampling program for collecting adequate background
data. .

1.1.5 Consistency in Data Collection

Data collection activities may vary among parties
conducting RIs. Consistency in all Superfund activities
is increasingly crucial. -All- parties collecting



environmental analytical data for baseline risk
assessments for human health should use guidance

provided in Risk Assessment Guidance for Supetfund

(RAGS) Volume I: Human Health Evaluation Manual,

Part A (EPA 1989a) and this guidance to ensure that

baselinerisk assessments for human heglth are conducted

consistently and are protective of the public bealth,

1.2 FRAMEWORK AND ORGANIZA-
TION OF THE GUIDANCE

This guidance is organized following the usual sequence
nsed to determine the useability of environmental
analytical data for baseline human health risk
assessments. Exhibit 1 illustrates the conceptual
framework for the guidance. Six criteria are used to
evaluate data useability for baseline risk assessments
for human health:

» Data sonrces,
+ Documentation,

. Availableanalyticalservicesintennéofana]yﬁcal
methods and detection limits,

« Data quality indicators,
» Data review, and
* Reports to risk assessor.

These criteria address the five major data quality issues
described in Section 1.1 and other issues that impact

_ datauseability in the risk assessment. The data useability

criteria are applied in RI planning to guide the design of
sampling plans and select analytical methods for the
data collection effort. The criteria are employed again
to assess the nseability of the analytical data collected
during the RI, and of data from other studies and
sources, such 28 site inspections. This guidance also
describes how to determine the uncertainties in the risk
assessment based on the level of uncertainty of the
environmental analytical data, determined using the
data useability criteria, '

" wr The analytical data objective for baseline
risk assessments is that the uncertainty is
known and acceptable, not that the
uncertainty be reduced to a particular level,

EXHIBIT 1. DATA USEABILITY CRITERIA TO PLAN SAMPLING,
ANALYSIS AND ASSESSMENT EFFORTS
IN BASELINE RISK ASSESSMENT

DEFINING PLANNING ~ASSESSING DETERMINING
SAMPLING - " ' '
DATA USEABILITY CONSIDERATIONS DATA USEABILITY
CRITERIA (3.1} ' o CRITERIA (5.0) .
: * Preliminary Sampling : '
. - -
+ Data Sources lssues (3.2) = Reporis.to Risk
. ; . Assessor '
+  Documentation Strategies for LEVELS
' ES}:;':QII-I':'? gPIan s (4.1) = Documentation : OF
+ Analytical Methods ping ’ . CERTAINTY
.. and Detection Limits » Data Sources FOR
_ _ o S BASELINE
* Data Quality : + Analytical Methods - RISK '
Indicators ANALYTICAL . and-Detection Limits ASSESSMENT -
- CONSIDERATIONS . (6.1)
+ Data Review . i * Data Review
+ Preliminary Anaiytical .
+ Reporis to Risk lssues (3.2) -« Data Quality
Assassor . Indicators
* Strategy for Selecting
Analytical Methods
{4.2)
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Exhibit 2 summarizes the purpose of each chapter of
this guidance and highlights how the chapters can best
assist RPMs andrisk assessors, Worksheets, assessment
tables, and other aids are used extensively throughont
the guidance. These are tools that can be used “as is,”
or they can be modified for use or used as the basis for
site-specific worksheets or summaries. Chapter contents
are summarized below,

= Chapter 2—The Risk Assessment Process; This
chapter explains the purpose and objectives of a
baseline human health risk assessment and
describes the four basic elements of a risk
assessment: data collection and evaluation,
exposure assessment, toxicity assessment, and
risk characterization, The chapter discusses the
uncertainties associated with the risk assessment
process and emphasizes the impact of analytical
data quality on each element. The roles and
responsibilities of the RPM, the risk assessor, and
others involved in planning and conducting data
collection activities to support the risk assessment
are described,

* Chapter 3—Useab1hty Criteria for Bascline Risk
Assessments; Six criteria are defined in this
chapter for interpreting the importance of sample
collection, analytical techniques, and data review
procedures to the useability of analyticat data in
risk assessments. The sampling and analytical
issues that need to be addressed in using these
criteria are discussed. The chapter stresses the
need to consider and plan for risk assessment data
requirements in the early design stages of the R1.

* Chapter 4—Steps for Planning for the Acquisition
of Useable Environmental Data in Baseline Risk
Assessmenis: This chapter provides explicit
guidance for designing sampling plans and
selecting analytical methods based on the data
quality requirements of baseline risk assessments.
Worksheets for sampling design selection, soil
depth sampling, and method selection are provided
as part of the step-by-step guidance for making
data collection decisions for individual sites.

+ Chapter 5—Assessment of Environmental Data
for Useability in Baseline Risk Assessments: This

chapter explains how to assess the useability of
site-specific data for risk assessments after data
collection according to the six criteria defined in
Chapter 3. For cach assessment criterion, the
chapter defines minimumn data requirements and
explains how to determine actual performance
compared o performance objectives and execute
appropriate corrective actions for dafa critical to
the risk assessment. The chapier also describes
options available torisk assessors for incorporating
analytical data from different sources and varying

 Ievels of quality into the baseline risk assessment.

Chapter 6—Application of Data to Risk
Assessments: This chapter details procedures for
determining the overall level of uncertainty
associated with the risk assessment. The discussion
addresses characterization of contaminant
concentrations within exposureareas, determining
the presence or absence of chemicals of potential
concern, and distingnishing site' contamination
from background levels,

Appendices—The appendices provide analytical
and sampling technical reference materials,
including descriptions of generic organic and
inorganic data review packages; listings of
common industrial pollytants; analytical methods
and detection or quantitation limits (see Section
3.24 for definitions); common laboratory
contaminants; calculation formulas for statistical
evaluation; information on analytical data
qualifiers; a summary of Contract Laboratory
Program methods with corresponding Target
Compound List compounds and Target Analyte
List anaytes; and an example of a conceptnal site
model,

Index—The index provides cross-references
throughout the guidance. Thisisimportant because
Chapters 3, 4, and 5 present planning and
assessment 1ssues as complementary dischssions
that can be viewed independently.

Tips—Tips, marked with a #, are incorporated
into the text of the chapters. These tips draw
attention to key issues in the text but are not
intended to summarize the discussion in the chapter.



EXHIBIT 2. ORGANIZATION OF THE GUIDANCE

Chapter 1
introduction and Background

* Prasents critical data useability issues, :
* Specifies audience to be primarily RPMs and risk assassors.
* Dafines scope and specifies organization of the guidance.

Chapter 2
The Risk Assessment Process

element,

» Defines the uncertainties in the risk assassment procass.

» Dascribes the roles of the risk assessor, APM and others involved with the risk assessment
planning and assessment process. :

* Explains the alements of a risk assessment and the impact of analytical data quality on each

Chapler 3

Ussability Criteria for Baseline Risk Assessments

« Defines six critoria jor assessing data useability: data sources, documentation, analytical
methods/detaction limits, data quality indicators, data review, and reports to the risk assessor.

» Applies criteria to sampling and analyfical issues.

Chapter 4
Steps for Planning for the Acquisition of Useable Environmental Data in Baseline Risk
Assessments

* Provides guidelines for designing sampling plans and selecting analytical methods.
* Provides worksheets to suppott sampling design selection, soil depth sampling,
and analytical method selection.

Chapter 5 :
Assessment of Environmental Data for Useability in Baseline Risk Assessments

= Dascribas minimum requirements for useable data.

+ Explains how to determine actual parformance compared to objectives.

« Recommends corective agtions for critical data not meeting objectives,

« Describes options for combining data from different sources and of varying quality into the risk
assessment.

Chapter 6
Application of Data to Risk Assessments

* Provides procadures to determina the uncertainty of the analytical date.

= Explains how to distinguish site from background levels of contamination and determine the
. | presence (absence} of chemicals of potential concem.

» Discusses how to characterize contaminant concantrations within exposure areas.

Appendices

« Provide technical refarenca materials for sampling and analysis. -
« Dasciibe data review packages and meanings of selected data qualifers.







Chapter 2
The Risk Assessment Process

This chapter is an overview of the data collection and
evaluation issues thataffect the quality and useability of
baseline human health risk assessments. Ecological
risk assessment is not discussed in this guidance. The
discussion focuses on how the quality of environmental
analytical data influences the level of certainty of the
risk assessment and stresses the importance of
understanding data limitations in characterizing risks 1o
human health,

The chapterhas two sections. Section2.1is an overview
of baseline human health risk assessment and the
significance of uncertainty in each stage of the risk
assessment process. Section 2.2 summarizes the roles
and responsibilities of key participants in the risk
assessment process.

2.1 OVERVIEW OF BASELINE
HUMAN HEALTH RISK
ASSESSMENT AND THE
EVALUATION OF UNCERTAINTY

The approach to the baseline human health risk
assessment process used for exposure to chemicals of
potential concern is well established. The National
Research Council (NRC) prepared a comprehensive
overview of this process (NRC 1983), which hasbecome
the foundation for subsequent EPA guidance (EPA
1986a, EPA 1989a, EPA 1989b). RAGS, Part A (EPA
1989a), discusses in detail the human health baseline
risk assessment process which is used in the Superfund
program.

The risk assessment process has four components:
+ Data collection and evaluation,
« Exposure assessment,
« Toxicity assessment, and
» Risk characterization.

Exhibit 3 lists information sought in each component of
the baseline risk assessment.

Uncertainty analysis is often viewed as the last step in
the risk characterization process. However, asdiscussed
in detail in RAGS, Part A, uncertainty analysis is a
fundamental element of each component of risk
assessment, and the results for each component require
an explicit statementof the degree of uncertainty, These
results are the bases for estimating the degree of

uncertainty in the risk assessment as a whole. This
chapter reviews the issues that determine the level of
uncertainty in each component of risk assessment.

w To maximize data useability for the risk
assessment, the risk assessor must be
involved from the start of the Rl

The importance of obtaining analytical data that fulfill
the needs of risk assessment cannot be overstated, The
risk assessor must be involved from the start of the risk
assessment process to help establish the scope of the
investigation and the design of the sampling and analysis
program,

Allanalytical datacollected for baselinerisk assessment
must be evaluated for their useability. The procedures
for evalnating the adequacy of the data are documented,
along with the resulting estimates of the levels of
certainty. Limitations in the analytical data are not the
only source of uncertainty in risk assessment. Exhibit
4 identifies some typical sources of uncertainty, inherent
ineach component of the risk assessment, which restrict
the depth and breadth of the evaluation, This guidance
deals only with the uncertainty inherent indatacollection
and evaluation. Consult RAGS, Part A, for a more
complete discussion of these and other uncertainties.

Acronyms

ATSDR  Agency for Toxic Substances and Disease
Registry

DQO data quality objective

EPA U.S. Environmental Protection Agency

GIs Geographical Information System

HEAST Health Effects Assessment Summary Tables

IRIS Integrated Risk Information System

LOAEL lowest-observable-adverse-effect level

NOAEL no-observable-adverse-effect level

NRC National Research Council

PAH polyeyelic aromatic hydrocarbon

PCB polychlorinated biphenyl

QA quality assurance

QAPP  quality assurance project plan

QC quality control

RAGS  Risk Assessment Guidance for Superfund

RIC reference concentration

RID reference dose

RI remedial investigation

RME reasonable maximum exposure

RPM remedial project manager

SAP sampling and analysis plan
standard operating procedure

upper confidence Limit




EXHIBIT 3. DATA RELEVANT TO'CO.MPONENTS OF
THE RISK ASSESSMENT PROCESS

Risk Assessment

Component ' - Data
Data Collection and » Background monitoring data for all affected media.
Evaluation

+ Environmental data for all relevant media.
» List of chemicals of potential concern.
» Distribution of sampling data.

* Confidence limits surrounding estimates of
representative valués.

Exposure Assessment * Release rates.

* Physical, chemical and bioldgical parameters, for
evaluating transport and transformation of site-
related chemicals.

+ Parameters to characterize receptors according to their
activity, behavior and sensitivity.

+ Estimates of exposure concentrations for all
chemicals, environmental media and receptors
at risk.

» Estimaties of chemical intake or dose for ail
exposure pathways and exposure areas.

Toxicity Assessment * Toxicity values for all chemicals, exposure
: pathways, and exposure areas of concern.

s Uncertainty factors and confidence measures for
- RfDs; weight-of-evidence classifications for cancer
. slope factors. o

Risk Characterization * Hazard quotients and indices.
» Estimates of excess lifetime cancer risk.

Uncertainty analysis.
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EXHIBIT 4. BASELINE RISK ASSESSMENT PROCESS AND

TYPICAL SOURCES OF UNCERTAINTY

- Exposure Assessment

Assumptions regarding intake
factors, population characteristics,
and exposure pattems may not
adequately characterize exposure
and may rasult in underestimates or
overestimates of risk.

The degree to which release or
transport models are represen-
tative of physical reality may
overastimate ot underestimate risk.

Inapproptiate selection of detection
limit can result in overestimate cor
underestimate of risk.

Assumption of 100% bicavail-
ability of chemicals in environ-
mantal media {soil in particular) may
result in overestimates of risk.

Assumption that chemicals of
potential concem do not degrade or
transform in the environment may
result in underestimates or
overestimates of risk.

Incremental risks associated with

~ exposure to site-related chemicals
of potential concem cannot be fully
characterized and may result in
underestimates of risk.

Methads used to estimate inhalation
exposure to volatiles, suspended
particulates or dust may
overestimate intake and risk.

Very few percutaneous absorplion
factors are available for chemicals
of potential concern. Exposure
from demmal contact may be over-
estimated using conservative
default values.

Data Collection and
Evaluation

Use of inappropriate methad
detection limits may result in
underestimates of risk.

Results may overestimate or
underestimate risk when an
insufficient numberof .
samples are taken,

Contaminant loss during
sampling may result in
underestimates of risk.

Extraneous contamination
intraduced during sampling
or analysis may result in
overestimation of sk,

Risk Characferization

Risk/dose estimates are
assumed to be additive in the
absence of information on
synergism and antagonism.
This may resuliin over-
estimates or underestimates
of risk.

Toxicity values are not
available for all chemicals of

. potential concem. Risks

cannct be quantitatively
characierized for these
compounds and may result in
underestimates of risk.

For some chemicals or
ciasses (2.g., PCBs, PAHs),
in the absence of toxicity
valuas, the cancer slope
factor or RID of a highly toxic
class member is commanly
adopted. This approach may
overestimate risks.

Source: Adapted from EPA 1989a.

Toxicity Assessment

» Cntical toxicity values are
desived from animal studies
using high dose levels,
Exposures in humans occur
at low dose levels.
Assumption of linearity at
low doze may result in
overastimates or under-
estimates of risk.

+ lnappropiiaie selection of
detection limit can result in
overastimates or under-
estimates of rigk.

» Extrapotation of results of
toxicity studies from
animals to humans may
introduce error and
uncertainty, inadequate
consideration of
differences in absorption,
phamacokinetics, and
target organ systems, and
variability in population
sansitivity,

* There is considerable
uncertainty in estimates of
toxicity values, Critical
toxicity values are subject
to change as new evidence
becomes available. This
may result in overestimates
or underestimates of risk.

« Use of canservative high to
low dose extrapolation
models may resultin
overestimation of risk.
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Risk assessment can be a simple operation, using only
screening-level data, or can be comprehensive, requiring
arobustdata setdesigned to support statistical analyses.
Exhibit 5 discusses the range of uncertainty of baseline
rigk assessment. The first column in Exhibit 5 defines
the range of the analysis from a low to a high degree of
uncertainty. Thesecond column describes the associated
data uscability and limitations in the risk analysis.

» The first level of analysis in Exhibit 5 is a
quantitative risk assessment based on a sampling
program that can be statistically analyzed. The
assessment explicitly bounds and quantitates the

uncertainty in all estimates. This analysis may

strive to attain an ideal based upon the complexity
ofthe site. The assessment is “quantitative™ in that
numeric estimates are derived for potentially
adverse non-carcinogenicand carcinogenic effects,
and in that the level of certainty is quantitated.

* The second level of analysis in Exhibit 5 is a
quantitative assessmentbased onalimited number
of samples or on data that cannot be fully

quantitated. Therisk characterization may include
numeric estimates of excess lifetime cancer risks
and the calculation of hazard indices. However,
the Ievel of analytical uncertainty for these
measures may be significant but is either not
quantitated or is estimated. Given the Kmitations
of the analytical data, only a qualitative evaluation
of the analytical uncertainty is feasible. Most
baselinerisk assessments fall within this category.
Bias may need to be determined for its effect on
predicted exposures and consequent risk.

The third level of the contimum is a qualitative
assessment of risk, The assessment is qualitative
because no numeric measures can be derived to
indicate the potential for adverse effects, and the
level of certainty cannot be assessed, The risk to
human health is considered only in general terms.
Qualitative assessments are based upon limited
sources of historical information, such as disposal
records, circumstantial evidence of contamination,
or preliminary site assessment data,

EXHIBIT 5. RANGE OF UNCERTAINTY OF RISK ASSESSMENT

Range of Analyses

Description/Limitations

Quantitative Assessment of Risk:

Uncertainty minimized, quantified,
and explicitly stated. Resulting or
final uncertainty may be highly
variable (sither high or low).

Risk assessment conducted using well-designad,
robust data sets and models directly applicable to site
conditions. Sampling program, based on geostatistical
or random design, will support statistical analysis of
results. Statistical analysis used to characterize
monitoring data. Confidence limits or probability
distributions may be developed for all key input
variables.

Quantitative Assessment of Risk:

Magnitude of uncertainty
unknown. No explicit quantitative
estimates provided. Qualitative,
tabular summary of factors
influencing risk estimates may be
provided for determination of
possible bias in error.

Risk assessment conducted using data set of limited
quality and size. No meaningtul statistical analysis can
be conducted. Results of risk assessment may be
quantified but uncertainty surrounding these measures
cannot be quantified, Only a qualitative statement is
possible. The majority of baseline risk assessments
typically fall within this category.

Qualitative Assessment of Risk:

Only qualitative statemant of
uncettainty is possible.
Uncerainty is high.

Risks cannot be quantified due to insufficient monitoring
or modeling data. Qualitative statement of risks based
on histerical information or circumstantial evidence of
contaminantion is provided. This evaluation must be
considered a preliminary, screening level assessment.

23002008
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w  Alf data can be used in the baseline risk
assessment as long as their uncertainties
are clearly described.

Risk assessments must sometimes be conducted using
data of limited quantity and of differing quality. When
RPMSs and other technical experts involved in the RI
understand the quantity and quality of data required in
risk assessments, they are better able to design data
collection programs to meet these requirements.

2.1.1 Data Collection and Evaluation

Overview of methods for data collection and
evaluation. Data collection begins with a statement of
the risk assessment purpose and a conceptual model of
the currentunderstanding of theproblems to be addressed
for the site under investigation, The mode] draws from
all available historical data (EPA 198%a). It is first
created with a best estimate of the types and
concentrations of chemicals, or of key chemicals that
are likely to be present, given the history of the site. Site
records, site maps, the layout of existing structures,

topography, and readily observable soil, water and air
characteristics on and off the sitc help to estimate
chemicals of potential concern, likely importantexposure
pathways, potentially exposed populations, and likely
temporal and spatial variation. All of these elements
comprise the conceptual mode] (Exhibit 6 and Appendix
IX). Once the conceptual model has been developed
and information has been disseminated to project staff,
the site is scoped to identify data gaps and requirements
for the baseline risk assessment.

Several key issues that are part of the development of
data quality objectives (DQOs) should be addressed at
scoping (Neptune, et. al. 1990);

+ The types of data needed (e.g., environmental,
toxicological),

« How the data will be used (e.g., site character-
jzation, extent of plume, etc., what chemicals of
concemn will drive the risk-based decision), and

+ The desired level of certainty for the conclusions
derived from the analytical data (e.g., whatare the
probabilities of false positive and false negative
results as a function of risk and concentration).

Carefully designed sampling and analysis programs
minimize the subsequeni need to qualify the
environmenial data during the data assessment phase,
The objective of the data collection effort is to produce
data that canbe used to assess risks to human health with
a known degree of certainty,
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A complete list of chemicals of potential concern is
produced when the analytical data bave been collected
and evaluated. This list of analytes is the focus of the
risk assessment. EPA no longer advocates the selection
of “indicator compounds,” because this practice may
not accurately reflect the total risk from exposure to
multiple site chemicals of potential concern, nor does it
improve the quality or accuracy of the risk assessment
(EPA 10R9a).

Uncertainty in data collection and evaluation. Four
principal decisions must be made during data collection
and evaluation in the risk assessment:

+ The presenceand levels of contaminants at the site
ata predefined level of detail,

« If the levels of site-related chemicals differ
significantly from their background levels,

+ Whether the analytical data are adequate toidentify
and examine exposure pathways and exposure
areas, and

+ Whether the analytical data are adequate to fully
characterize exposure areas,

These decisions are examined in detail in subsequent
chapters. The discussion in this section introduces basic
concepts.

Determining what contamination is present and at
what level. Once a site is suspected to be contaminated
and chemicals of potential concern havebeenidentified,
the levels of chemical contamination in the affected
environmental media must be quantitated to derive
exposure and intake estimates. Estimates of the site
contamination must be produced, with explicit
descriptions of the degree of certainty associated with
the concentration values.

Variability in observed concentration levels arises from
a combination of variance insampling characteristics of
the site, in sampling techniques, and in laboratory
analysis. The key issue in optimizing the useability of
data for risk assessment is to understand, quanufy, and
minimize these variabilities.

EPA’s objective is to protect human health and the
environment, Therefore, the design of RI programs is
intended to minimize two potential errors:

+ Not detecting site contamination that is actually
present (i.e., false negative values), and

« Deriving site concentrations that donotaccuraiely
characterize the magnitude of contamination.
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-EXHIBIT 6. DEVELOPMENT OF CONCEPTUAL SITE MODEL

Identify Chericals of Potential Corcern

. Historical data on former useage of site,
« Results from earlier analyses.
« Potential background chemicals.

» Mobility, toxicity and degradation
characteristics,

» Sources of release,

identify Site Characteristics

* Detailed site map, locating areas of
‘storage, use and disposal of chemicals
of potential concem. )

* Geological, hydrogeclogical and soil
charactetistics information.

* Surface and subsurface topegraphy.

* Metearclogical data.

Identify Population Characteristios

« On-site and nearby off-site
population.

*+ Land use {cumrent and future)
{e.g., residentiat, industrial,
recreationat).

* Receptors at rgk.

Identify Exposure

Identity Exposure Identify Expasure identify Exposure
Pathways (s.g., Soil Pathways (e.g., Air Pathways (e.g., Demal
Ingestion) inhalation) Contact)
Identify Exposure Identify Exposure Identify Exposure Identify Exposure Identity Exposure
Areas Areas Areas Areas Areas Areas
Develop Conceptual Site Model 21002008




Determiningifsite concentrations differ significantly
from background concentrations. A fundamental
decision in baseline risk assessmenis is whether the site
poses an increased risk to human health and the
environment. The decision depends on the degree of
cerainty that the background concentrations are
significantly different from the concentrations of the
chemicals of potential concern at the site. Generally,
this question can be confidently answered only if the
design of the sampling program accommodates the
collection of both site and background samples and if
the selection of analytical methods is appropriate.

The differences between site and background
concentrations is evaluated by comparing observed
levels of chemicals of potential concern at the site with
measured background concentrations of the same
chemicals in the same environmental media.
Statistically, this is a test of the null hypothesis, that the
mean conceniration of achemical at the study areais not
significantly different from the mean concentration of
the chemical at the background location, (Historical on-
site levels or nearby off-site levels may be used ©
supplement background data. Anexample ofan off-site
area is the 4-mile radivs used for the air exposure
pathway in the Hazard Ranking System.) If data from
background samplesare clearly different from theresults
of site monitoring (e.g., mean chemical concentrations
differ consistently by twoorders of magnitude), statistical
analysis of the data may not be necessary. Under such
circumstances, RAGS indicates that the primary issue is
establishing a reliable representation of the extentof the
contaminated area. Determining extent of contamination
is not discussed in this guidance and involves different
decisions, DQOs, and sampling designs. If the results
of site monitoring are less than two orders of magnitude
above background, the procedures used for sampling

and analysis for risk assessment should follow the

recommendations of Chapter 4.

Thenull hypothesis isalways evaluated and accepted or
-rejected with aspecified level of certainty. This level of
certainty is defined by the significance, or confidence,
level. A type I error is the probability that the null
hypothesis is rejected when in fact it is true (which
contributes to false positive conclusions), A type 11
erroris the probability that the null hypothesisis acoepted
when it is false (a false negative conclusion). How
sampling and analysis design affects the likelihood of
these two types of errors is described in Chapter 4.

Evaluating whether analytical data are adequate to
identify and examine exposure pathways and their
exposure areas. Identifying and delineating exposure
pathways and their exposute arcas are important in
identifying potentially exposed populations and for
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developing intake estimates. In the baseline risk
asscssment, the risk assessor combines data on
contamination with information on human activity
patterns to identify exposure pathways and to determine
the exposure area. The ability to accomplish this
depends on the adequacy of analytical data.

Sampling should be designed to provide representative
data for exposure areas at a site, to address hot spots, to
evaluate the transport of site-related chemicals of
potential concern, and to facilitate the identification of
all exposure pathways. A well-designed sampling and
analysis program results in data of known quality and
quaniification of spatial and temporal variability; it
specifies how to interpret the magnitude of observed
values (such as by comparison with background levels
or some other benchmark). Amalytical data should
characterize the extent of contamination at the site in
three dimensions.

Evaluating whether analytical data are adequate to
fully characterize exposure areas. Heterogeneity
should be considered in the envirommental medium
under evaluation. Hot spots need to be identified and
characterized. Nephime, et. al. 1990, have proposed the
concept of an “exposure unit” as the area over which
receptors integrate exposure. This concept establishes
a basis for summarizing the results of monitoring and
transportmodeling. The sampling and analysis program
must be designed to enable the risk assessor to refine the
initial characterization of exposure pathways and to
spatially and temporally identify the critical areas of
exposure,

2.1.2 Exposure Assessment

Overview of methods for exposure assessment. The
objectives of the exposure assessment are:

» To identify or define the source of exposure,

+ To define exposure pathways along with each of

their components {e.g., source, mechanism of

“release, mechanism of transport, mediem of
transport, etc.),

+ To identify potentially exposed populations
(receptors), and

+ To measure or estimate the magnitude, duration,
and frequency of exposure tosite contaminants for
each receptor (or receptor group).

Actions athazardous waste sites are based on an estimate
of the reasonable maximum exposure (RME) expected
to occur under both current and future conditions of land
vse (EPA 1989a). EPA defines the RME as the highest
exposure that is reasonably expected to occur at a site



overtime. RMEs are estimated for individual pathways
and combined across exposure pathways if appropriate.
Once potentially exposed populations are identified,
environmental concentrations at points of exposure
must be determined or projected. Intake estimates (in
mg/kg-day) are then developed for each chemical of
potential concern using a conservative estimate of the
average concentration to which receptors are exposed
over the exposure period. (RAGS recommends a 95%
upper contidence limit (UCL) on the arithmetic mean.)
The concentration estimate is then combined with other
exposure parameters (e.g., frequency, duration, and
body weight) to calculate intake.

In the risk assessment report, estimates of intake are
-accompanied by a full description (including sources)
of the assumptions made in their development. This
information may be used subsequently in sensitivity
and uncertainty analyses in the risk characterization.

Uncertainty analysis in exposure assessment.
Exposure assessments can introduce a great deal of
uncertainty into the baseline risk assessment process.
Small measures of uncertainty in each of the input
parameters which comprise an exposure scenario may
result in substantial uncertainty in the final assessment,
The largest measure of uncertainty is associated with
characterizing transportand transformation of chemicals
inthe environment, establishing exposure settings, and
deriving estimates of chronic intake. The ultimate
effect of uncertainty in the exposure assessment is an
uncertain estimate of intake.

The following sections discuss the significance of the
uncertainty in the analytical data set on selected aspects
of exposure assessment, For amore complete discussion
of the exposure assessment process, the readerisreferred
to RAGS, Part A. :

Characterizing environmental fate, identifying

exposure pathways, and identifying receptors at

risk. Anevaluation of the transport and transformation

. ofchemicals in the environment is conducted for several
reasons: :

.+ To understand the behavior of site-related
chemicais of potential concem,

+ To project the ultimate disposition of these
chemicals,

. To identify _éxposure pathways and receptors
potentially at risk, and

« To characterize environmental concentrations at
the point of exposure. '

These evaluations cannot be accomplished with any
degree of certainty if the analytical data are inadequate.
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Monitoring data are most appropriately used to estimate
current or existing exposure when direct contact with
contaminated environmental media is the primary
concern. Modeling may be required, however, in order
toevaluate the potential for fiture €XpOsure, O eXposure
at a distance from the source of release, or to predict
presentconcentrations where measurement is too costly.
In each case, success in estimating potential exposures
depends heavily on the adequacy of the analytical data,

Environmental fate and transport assessment often uses
models to estimate concentrations in environmental
media at points distant from the source of release,
Models, of necessity, are simplifications of a real,
physical system. Consequently, it is critical that the
limitations of the model (the way that the model differs
from reality) be understood and considered when
applying the model to a particular site. The degree to
which the model differs from reality (in critical areas of
theanalysis) contributesto the nncertainty of the analysis,
Transport models arecommonly selected for their utility
in describing or interpreting a set of monitoring data.
Chemical transport models must be carcfully selected
for their ability tomeaningfully characterize the behavior
of chemicals in the environmental medium for the
specific site under investigation. Models that are
inappropriate for the geophysical conditions at the site
will result in errors in the exposure assessment. For
example, the model may be designed to predict
contaminant movement through sand, while soils at the
site are primarily made up of clay. Additionally, if the
analytical data set is severely limited in size or does not
accurately characierize the nature of contamination at
the site, a transport model cannotbe properly selected or
accurately calibrated. This introduces additional
uncertainty.

w Uncertainty in the analytical data,
compounded by uncertainty caused by the
selection of the transport models, can yield
results that are meaningless or that cannot
be interpreted.

Estimating chemical intake. Uncertainties in all
elements of the exposure assessment come together,
and are compounded, in the estimate of intake, Itjs here
that the professional judgment of the risk assessor is
particularly important. The risk assessor must examine
and interpret a diversity of information:

. Thenature,extentandmagniwdeofcontaminaﬁdn,
» Results of environmental transport modeling,

* Identification of exposure pathways and areas,



» Identification ofreceptor groups currently exposed
and potentially exposed in the foture, and

« Activity patterns and sensitivities of receptors and
1eceptor groups.

Basedon this information, the risk assessor characterizes
the exposure setting and quantifies all parametersneeded
in the equations to estimate intake (EPA 1989a).
Chemical intake is afunction of the concentration of the
chemical at the point of contact, the amount of
contaminated medium contacted per unit time or event,
the exposure frequency and duration, body weight, the
ability of the chemical to penetrate the exchange
boundary, and the average time period during which
exposure occurs, Exhibit 7 is the generic form of the
intake equation used in €Xposure assessment.

Thespecific form of the intake equation varies depending
upon the exposure pathway under consideration (e.g.,
ingestion, inhalation, dermal contact) (EPA 198%9a).
Each of the variables in these equations, including
chemical concentration, is commonly characterized as
a point estimate. However, each intake variable in the
equation has a range of possible values, Site-specific
characteristics determine the selection of the most
appropriate values, In an effort to increase consistency
among Superfund risk assessments, EPA hasestablished
standardized exposure parameters to be used when site-
specific data are unavailable (EPA 1991b). Note that
the combination of all factors selected should result in
an estimate of reasonable maximum exposure for each
chemical in each pathway (EPA 1989a),

For most risk assessments, it may not be possible, nor
necessarily advantageous, to develop a quantitative
uncertainty analysis. In these cases, a summary of
major assumptions and their anticipated effects on final
exposure estimates should be included to provide a
qualitative characterization of the level of certainty in
the intake estimates.

2.1.3 Toxicity Assessment

Overview of methods for toxicity assessment. The
objectives of toxicity assessment are (0 evaluate the
inherent toxicity of the compounds at the site, and to
identify and select toxicity values to evaluate the
significance of receptor exposure to these compounds.
Toxicity assessments rely on scientific data available in
the literature on adverse effects on humans and
nonhuman species.

Severatl values of toxicity are important in human health
rigk assessments. Reference doses (RfDs) and reference
concentrations (RfCs) are used for oral and inhalation
exposure, respectively, to evaluate non-carcinogenic
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and developmental effects; cancer slope factors and unit
risk estimatcs are used for the oral and inhalation
pathways for carcinogens.

RfDsand RfCs are values developed by EPA toevaluate
the potential for non-carcinogenic effects in humans.
The RfD is defined as an estimate (with uncertainty
spanning an order of magnitude or more) of a daily
exposure level for human populations, including
sensitive sub-populations, thatis likely to be without an
appreciable risk of adverse health effects over the
period of exposure (EPA 1989a). Subchronicor chronic
RfDs may be derived for a chemical for intermediaie or

- Jong-term exposure scenarios. These valuesare typically

derived from the no-observable-adverse-effect level
(NOAEL) or the lowest-observable-adverse-effect level
(LOAEL) and the application of uncertainty and
modifying factors (EPA 1989a). Uncertainty factors
are used to account for the variation in sensitivity of
human sub-populations and the uncertainty inherent in
extrapolating the results of animal studies o humans.
Modifying factors account for additional uncertainties
in the studies used to derive the NOAEL or LOAEL.

Cancer slope factors and unit risk values are defined as
plausible, upper-bound estimates of the probability of
cancer response in an exposed individual, per onit
intake over a lifetime exposure period (EPA 1989a).
EPA commonly develops slope factors for carcinogens
with weight-of-evidence classifications that reflect the
likelihood that the toxicant is ahuman carcinogen (EPA
1989a).

To reduce variability in toxicological values used for
risk assessment, a standardized hierarchy of available
toxicological data is specified for Superfund. The
primary source of information for these data is the
Integrated Risk Information System (IRIS) database
(EPA 1989d). IRIS consists of verified RfDs, RfCs,
cancer slope factors, unitrisks, and otherhealthrisk and
EPA regulatory informaticn. Data in IRTS are reguiarly
reviewed and updated by an EP A workgroup, Iftoxicity
values are not available in IRIS, the EPA Health Effects
Assessment Summary Tables (HEAST) (EPA 1990a)
are used as a secondary current source of information.
Additional sources of toxicity information are provided
inRAGS.

The toxicity assessment is conducted parallel with ihe
exposure assessment, but may begin as early as the data
collection and evalnation phase. As chemicals of
potentialconcem are identified at the site, the toxicologist
begins to identify the appropriate toxicity values, A
well-designed sampling and analysis program facilitates
timely identification of the chemicals that will be the
focus of the risk assessment. '



EXHIBIT 7. GENERIC EQUATION FOR
CALCULATING CHEMICAL INTAKES

CR x EF 1
=0x (D) x &

Where: ) ) '
I = intake; the amount of chemical at the exchange

boundary (mgfkg body weight-day}

Chemical-related variable

€ = chemical concentration; the average
concentration contacted over the exposure
petiod (e.g., mg/liter water)

Variables that describe the exposed population

CR = contact rate; the amount of contaminated
medium contacted per unit time or event (e.g.
liters/day)

EFD = exposure frequency and duration; describes how
: long and how often exposure occurs. Often
calculated using two terms (EF and ED):
EF = exposure frequency (days/year)

ED =exposure duration (years)

BW = body weight; the average body weight over the
exposure pericd (kg)

Assessment-determined variable

AT = averaging time; period over which exposure is
averaged (days)

Seource: RAGS (EPA 1939a).

21-002-007
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Uncertainty analysis and toxicity assessment, The
toxicity assessment is another contributor to uncertainty
in risk assessment, Limitations in the analytical data
from environmental samples affect the resulis of the
toxicity assessment, butnotto theextent that they affect
other components of the risk assessment process, Data
on physical and chemical parameters thatmay influence
bioavailability can influence route-to-route and vehicle-
related adjustments to toxicity values, The selection of
appropriate toxicity values is influenced by monitoring
data from environmental samples to the extent that this
information assists inidentifying chemicals of potential
concern, exposure patbways, and the time periods over
which exposure may occur. Based on this information,
the toxicologist identifies sub-chronic or chronic RiDs,
RfCs, and cancer slope factors for oral, dermal, and
inhalation exposure pathways.

A list of toxicity values for risk assessment should
include an indication of the degree of certainty associated
with these values. Weight-of-evidence classifications
provide aqualitative estimate of certainty and should be
included in the discussion of cancer slope factors.
Uncertainty and modifying factors used in deriving
RfDsand RfCs should also be included in the discussion
of mon-carcinogenic effects.

2.1.4 Risk Characterization

Overview of methods for risk characterization. The
last step in the baseline risk assessment is risk
characterization, This is the process of integrating the
results of the exposure and toxicity assessments, by
comparing estimates of intake with appropriate
toxicological values to determine the likelihood of
adverse effects in potentially exposed populations, Risk
characterization is considered separately for
carcinogenic and non-carcinogenic effects, because
organisms typically respond differently following
exposure to carcinogenic and non-carcinogenic agents.
For non-carcinogenic effects, toxicologists recognize
the existence of a threshold of exposure below which
there is likely to be no appreciable risk of adverse health
impacts in an exposed individual. It is the corrent EPA
position that exposure to any level of carcinogenic
compounds is considered to carry a'risk of adverse
effect, and that exposure is not characterized by the
existence of a threshold.

EPA’s procedure for calculating risk from exposure 0
carcinogenic compounds (EPA 1986a, EPA 1089,
EPA 1989b) uses anon-threshold, dose-response model.
The model is used to calculate a cancer slope factor
(mathematically, the slope of the dose-response curve)
for each chemical. Generally, the cancer slope factoris
used in conjunction with the chronic daily intake to
derive a probabilistic upperbound estimate of excess
lifetime cancer risk to the individual.
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The dose-response model most commonly used by EPA
in deriving the cancer slope estiiates is linearized and
multistage. The mathematical relationship of the model
assumes that the dose-response relationship is linear in
the low-dose portion of the curve (EPA 1989a). Given
this assumption, the slope factor is a constant, and risk
is directly proportional to intake.

The recommended practice for evaluating the potential
for non-carcinogenic effects is to compare the RfD of a
given chemical to the estimated intake of the potentially
exposed population from a given exposure pathway
(EPA 1989a). This ratio (intake/RfD) is termed the
“hazard quotient.” It is not a probabilistic estimate of
risk, but simply a measure of concern, or an indicator of
the potential for adverse effects. A more detailed
discussion of risk characterizationispresented in RAGS,
Further discussion of methods for risk characterization,
and of specific factors such as metabolic rate factors,
gender differences, and variable effects due to multiple
chemicals of potential concern, is available from many
sources (EPA 1988a, EPA 1989b, EPA 1989c).

Uncertainty analysis in risk characterization. No
risk assessment is certain. Risk assessment is a process
that provides an estimate of potential (present and
future) individual risk, along with the limitations or
uncertainties associated with the cstimates. The most
obvious effect of limitations in the analytical data on
risk characterization is the ability to accurately ¢stimate
the potential for adverse effects in potentially exposed
individuals. Clearly, if the available monitoring data do
notfacilitate ameaningful determination of RME values,
the risk estimates will directly reflect this uncertainty.

w Uncertainties in toxicological measures
and exposure assessment are often
assumed to be greater than uncertainties in
environmental analytical data; thus, they
are assumed to have a more significant
effect on the uncertainty of the risk
assessment.

Resourceand timeconstraints often limit the opportunity
todevelop a well-designed and comprehensive data set.
Risk assessments must be conducted using the available
information, even when there is no opportunity t0
improve the data sct. However, the results should be
presented withan explicit statement regarding limitations
and uncertainty. '

If possible, asensitivity analysis should be conducted to
bound theresults of risk assessments. A simple approach
might consist of establishing the range of potential
values (e.g., minimum, most likely, and maximum) for
key input variables and discussing the influence on the
resulting risk estimates. The key variables can then be
ranked with respect to the magnitude of potential effect
on the risk estimates, In certain instances, more




quantitative approaches to uncertainty analysis may be
useful if they can be supported by the available
information. Combining probability distributions using
Monte Carlotechnigues is one commonly cited cxample
(EPA 1988b, EPA 19892, Finkel 1990). An overview
of recommended methods for assessment of uncertainty
in risk' characterization is presented in RAGS.
Risk*Assistant, a software tool developed for EPA,
provides an uncertainty analysis that determines the
effect on the final risk estimate of nsing alternative
parameter values, indicates the relative contribution of
each pathway torisks from the contaminated media, and
(for carcinogenic risks) determines the percentage of
total risk from a contaminant in each medium (Thistle
Publishing 1991). A more detailed consideration of
uncertainty analysis in risk assessment may be found in
Methodology for Characterization of Uncertainty in
Exposure Assessment (EPA 1985) and Confronting
Uncertainty inRisk Management: A Guide for Decision-
Makers (Finkel 1990).

2.2 ROLES AND RESPONSIBILITIES
OF KEY RISK ASSESSMENT
PERSONNEL

‘The risk assessor generally enlists the participation of
individuals with specific skills and technical expertise.
The quality and utility of the baseline risk assessment
will ultimately depend on the planning and interaction
of these technical professionals. Key participantsinclude
the RPM and the risk assessor, who are primarily
responsible for ensuring that data collected during the
RI are useable for risk asscssment activities. Other
participants include hydrogeologists, chemists,
statisticiams, quality assurance staff, and other technical
support personnel involved in planning and conducting
the RI. Exhibit 8 summarizes the roles and
responsibilities of the risk assessment participants.

. 2.2.1 Project Coordination

All data collection activities that support the risk
assessment are coordinated by the RPM. The RPM’s
responsibilities begin upon site listing and continne
through deletion of the site from the National Priorities
List. A network of technical cxperts, including
representatives of other agencies involved in human
health or environmental/ecological assessments or
related issnes, is established at the start of the RY. This
ensures that the potential for adverse effects to human
health and the environmentisadequately assessed during
the RI. To successfully plan and direct the sampling and
analysis effort, the RPM must facilitate interaction
among key participants.
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2.2.2 Gathering Existing Site Data
and Developing the Conceptual
Model

The RPM is responsible for gathering and ¢valnating all
historical and existing site data. This is an important
element in planning the scope of the risk assessment and
data collection, and in determining additional data needs.
Sources of information especially pertinent for risk
assessment include data from potentiatly responsible
parties, industrial records identifying chemicals used in
processes, preliminary natural resource studies, Agency
for Toxic Substances and Disease Registry (ATSDR)
health studies, environmental impact statements,
transport manifests, site records, site inspection
documents, and site visits. Aerial photographs and site
maps showing past and present locations of structures
and transportation corridors should also be collected.
The RPM should also consider the application of a
computer-based Geographical Information System
(GIS) as a major tool,

The RPM should ensure that a broad spectrum analysis
was conducted at the site for all media and should
review industry-specific records to minimize the

- potential for false negatives, From the inspection of

historical data and broad spectrum analyses, a
preliminary list of the chemicals of potential concern is
prepared to assist in scoping and in developing the
conceptual model of the site. Once all the existing
historical site data have been collected, the RPM works
with the risk assessor to develop a conceptual model.
The conceptual model is a depiction and discussion of
the current understanding of the contamination, the
sources of release to the environment, transport
pathways, exposure pathways, exposure areas and
receptors atrisk. Preliminary identification of potential
¢xposure pathways at the site under investigation is
particularly important for the design of a thorough data
collection effort. The conceptual site model should be
provided to all key participants in the RI during the
project scoping and should be included in the workplan.
As work progresses and the site is better characterized,
the RPM and the risk assessor should update the
conceptual model,

2.2.3 Project Scoping

The adequacy of the sampling and analysis effort
determines the quality of therisk assessment., Therefore,
it is imperative that the risk assessor be an active
member of RI planning and continue to be involved
during the entire course of the project.



EXHIBIT 8. ROLES AND RESPONSIBILITIES OF
RISK ASSESSMENT TEAM MEMBERS

Remedia! project manager

« Directs, coordinates and monitors all activities.

+ Establishes network with other data users including federal, state and focal agencies.

* Creates cohceptual model.

+ Gathers existing site data.

» Organizes scoping meetings.

» Controls budget and schedule.

« Guides preparafion of QA documents.

+ Ensures that the risk assessor receives praliminary analytical data.

+ Contributes to data assessment.

+ Develops preliminary list of chemicals of potential concem.

+ Resolves problems affecting Rl objectives, including risk assessmentissues (e.g., resampling,
reanalysis).

Risk assessor

« Reviews all relovant existing site data. :

+ Assists the RPM in developing the conceptual model and the preliminary list of chemicals of potential
cohcem.

+ Contributes to recommendations on sampling design, analytical requivements, including chemicals of
potential concem, detection limits and quality control needs during project scoping.

» Helps to refine the conceptual model.

o Communicates frequently with the RP M, hydrogeologist and chemist to ensure that data collection
meets needs.

+ Reviews and contributes to SAP and QA documents.

*» Assesses preliminary data as soon as available to verify conceptual site model.

+ Specifies additicnal needs,

» Assesses reviewed data for useahility in risk assessment.

» Communicates all site activities with specific groups, such as chemists.

+ Prepares risk assessment.

Hydrogeologist, chemist and other technieal support

+ Provides technical input to scoping.

« Prepares/provides input to SAP and QA documents in suppett of risk assessment data neads.

» Communicates frequently with the RPM and/or risk assessor on status of data collection and issues
affecting data.

*» Provides preliminary data to the RPM and/or risk assessor for review.

« Supports fate and transpornt modeling for the exposure assessment.

» Implements corrective actions to improve data useability.

Quality assurance specialist

+ Hesponsible for data quality review and tachnical assistance in preparing QA documents,
+ Provides historical performance QA data or recommendations for appropriate QC.

» Ensures adequate QA procedures are in place, including field and analytical audits.

2%-002-008
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w Analytical data collected sofely for other
purposes may not be of optimal use to the
risk assessment,

Data obtained solely with the aim of characterizing the
nature and extent of contamination at a site may not
fully supporttheneeds of therisk assessor in quantitating
exposure, and therefore the potential for adverse effects

in human and nonhuman receptors, Data on the nature

and extent of contamination may therefore be rejected
by the risk assessor, requiring an additional round of
sampling. For example, data identifying the boundaries
of the site may not be representative of the level of
contamination within an exposure area. Therefore, it is
important to maintzin the risk assessment data
requirements as a high priority throughout remediat
investigations.

Sampling and analysis methods discussed during scoping
should uitimately be based on site-specific data needs.
The RPM, risk assessor, hydrogeologist, statistician,
andproject chemist must maintain open communication

during scoping and throughout the R1 to ensure that this
occurs, Datareview and deliverable requirements should
be determined during the scoping meetings so that these
specifications can be included in the sampling ang
analysis plan (SAP) for the RI. The RPM should
prepare a checklist of considerations for the scoping
meetings and provide it to all individuals involved.
Exhibit 9 presents an example checklist of items nseful
forrisk assessment to be considered by the RPM during
scoping. Chapters 3 and 4 give specific guidance for
planning the data collection efforts to support risk
assessments.

2.2.4 Quality Assurance Document
Preparation and Review

After scoping, the RPM guides the preparation of the
workplan and quality assurance documents. The
workplan, the SAP, and the quality assurance project
plan (QAP)P) should docurnent the combined decisions
of the RPM, risk assessor, and other project staff.

EXHIBIT 9. EXAMPLE RISK ASSESSMENT
"~ CHECKLIST FOR USE IN SCOPING

and/or field analysis)? .

» Has all historical information been gathered and characterized
and is it appropriate and avallable for use?

= What sample matrices should be investigated?
+ What analytical methods should be used?

» Are the methods appropriate for risk assessment, given
specific contaminants present and their toxicity?

= Will any special quality control requirements be necessary?
* Who will conduet the analysis (8.g., which type of laboratory)?

+ What analytical data sources should be used (fixed laboratory

+ What sampling designs are appropriate?
¢ How many samples will be needed?
+ How will the data review be accomplished?

= What types of deliverables will be required? Specify the types of
deliverables required from both laboratory and data validation,

= What budget or other limitations constrain data collaction (e.g.,
due date, contractor availability)?
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Particularemphasis is placed on establishing confidence
limits, acceptable error, and level of quality control
(discussed in Chapter 3}, This facilitates cost-effective
design of the sampling and analytical program and
minimizes the collection of data of limited use for risk
assessment.

The risk assessor reviews the workplan and SAP to
engure that the relevant data quality issues, sampling
design, analytical needs, and dataassessment procedures
are adequately addressed for risk assessment, Exhibits
10 and 11 provide checklists to aid the review of the
workplan and SAP.

2.25 Budgeting and Scheduling

As the overall site manager, the RFM must address and
balance risk assessment data needs with other data use
needs, such as health and safety, treatability studies,
transport, and the naiure and exient of contamination.
The risk assessor is responsible for identifying specific
data requirements for risk assessment and
communicating these needs o the RPM. The RPM is
responsible for developing and implementing the
schedule for acquiring the data. Balancing costs and
services while adhering to the schedule 1s a major
responsibility of the RPM.

‘The RPMmust coordinate the use of analytical services.
Data from different analytical sources provide the

flexibility needed to balance cost with sampling needs
and time constraints, The advantages and disadvantages
of field analyses and fixed laboratory analyses should
be considered, as described in Chapters 3 and 4. The
risk assessment participants can assistin the development
of field sampling plans and the selection of appropriate
analytical methods that will provide the risk assessor.
with a set of useable data, within the budgeting and
scheduling constraints of the RPM.

2.2.6 Ilterative Communication

Continuing, open, and frequent communication among
the participants is critical to the suceess of the RI and
baselinerisk assessment. A singlemeeting or discussion
is rarely adequate to ensure that all relevant issues have
been addressed. Development of the risk assessment
within the RI report is an iterative process of action,
feedback, and correction or adjustment,

After review of the workplan, the SAP, and the QAPjP,
the RPM monitors the flow of information. The risk
assessor assists the RPM to ensure that the dataprodnced
are in compliance with therequirements of the workplan
and SAP. Key questions they consider once the data
become available are:

» Have correct sampling protocols been followed?

= Have all critical samples been collected?

EXHIBIT 10. CHECKLIST FOR REVIEWING THE WORKPLAN

+ Does the workplan address the objectives of baseline risk assessment?

Does the workplan document the current understanding of site history and the physical setting?
Have historical data been gathered and assesséd?

Has information on probable background concentrations been obtained?

Does the workplan provide a conceptual site model for the baseline risk assessment, including a
summary of the nature and extent of contamination, exposure pathways of potential

concern, and a preliminary assessment of potential risks to human health and the environmenl?

Does the workplan document the decisions and evaluations made during project scoping,
including specific sampling and analysis requirements for risk assessment?

Does the workplan address all data requirements for the baseline risk assessment and explicitly
describe the sampling, analysis and data review tasks?

21-002-010
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EXHIBIT 11. CHECKLIST FOR REVIEWING THE SAMPLING
AND ANALYSIS PLAN

established in the scoping meeting?
risk assessment?

adequately addressed in the SAP?

assessment:

+ Have the samples been analyzed as requested?
* Are data arriving in a timely fashion?

 Haveappropsiate sample guantitation limits/detec-
tion limits been achieved?

+ Has quality assurance been addressed as stated in
the SAP and QAPjP? ’

» Have the data been reviewed as stated in the SAP?

+ Is the quality of the analytical data acceptable for
their intended use?

Basedupon these considerations, the RPM, risk assessor
and other technical team members must jointly determine
if any corrective actions are needed, such as requesting
additional sampling, using alternative analytical
methods, or reanalyzing samples.

2.2.7 Data Assessment

The RPM and risk assessor work with other participants
to identify z list of chemicals of potential concern and
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* Dothe bbjectives of the QAPJP and the field sampling plan meet risk assessment needs
 Are QA/QC procedures provided for in the SAP adequate for the purposes of the baseline
* Have the data gaps for risk assessment that were identified in the Rl workplan been

*  Are there sufficient QC samples to measure the likelihood of false hegatives and false

positives, and to determine the precision and accuracy of resulting data?

* Have analytical methods been selected that have detection limits adeguate to quantitate
contaminants at the concentration of concem?

* Have SOPs been prepared for sampling, analysis and data review?

*  Willthe sampling and analysis program result in the data needed for the baseline risk

-- toaddress each medium, exposure pathway and chemical of potential concern,

-- to evaluate background concentrations,

-~ to provide detail on sample locations, sampling frequency, statistical design and analysis,
-- 1o evaluate temporal as well as spatial variation, and

-- to support evaluation of current as well as future resource uses?

&1-002-01

decide on data review procedures. This information is
developed during project scoping and incorporated into

-the workplan and SAP. The RPM, risk assessor, and

project chemist should agree on the type and level of
data review required for both positive and “non-detect”™
results. Typically, the RPM assesses the overall data
reviewed by the chemist, and the risk assessor reviews
data relevant to risk assessment, unless other
arrangements have been established and explicitly stated
in the SAP.

The risk assessor may request preliminary data, ot
results that have received only a partial review, in order
toexpedite therisk assessment to save time and resources.
Preliminary data can be used to validate the conceptual
model ortobegin the foxicity assessment, The datamay
also indicate aneed formodifying sampling or analytical
procedures. However, preliminary data should not be
usedin calculating risk. Once the full analytical data set
is obtained, the RPM and risk assessor should consult
with the project chemist and statistician to assess the
utility of all available information.



2.2.8 Assessment and Presentation
of Environmental Analytical
Data

Once environmental data are evaluated in the data
review process, the risk assessor develops a final data
setforuseinthe baselinerisk assessment. Allchemicals
of potential concemn should now be identified. The risk
assessor prepares summary tables containing the
following information;

» Site name and sample locations,

» Number of samples per defined, representafive
areaof eachmedium (¢.8., donot countbackground
samples together with other samples),

+ Sample-specific results,
» Analyte-specific sample quantitation limits,
+ Number of values above the quantitation limit,
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+ Measures of central tendency {e.g., 95% UCL on
the arithmetic mean of the environmental
concentration),

= Specifications for the treatment of detection or
quantitation limits and treatment of qualified data,
and

» Ranges of concentrations.

All assumptions, qualifications, and limitations should
be explicitly stated in the tables. The risk assessor
provides the final data summary tables to the RPM,
project hydrogeologist, project chemist, and other
appropriate project staff forreview. These are the data
that will be used in the baseline risk assessment to
determine the potential risk to human health, It is
essential, therefore, that this information consists of the
best data available and reflects the collective review of
the key participants in the risk assessment., An example
of such a set of data is given in Appendix L.
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. Chapter 3
Useability Criteria for Baseline Risk Assessments

This chapter applies data useability criteria to data
collection planuing efforts to maximize the useability of
environmental analytical data in baseline risk
assessments. Tt also addresses preliminary issues in
planning sampling and analysis programs.

The chapter hastwo sections. Section 3.1discusses data
useability criteria involved in risk assessment and
suggests ways they can be applied to ensure data are
nseable. Section 3.2 presents preliminary sampling and
analysis issues including identification of chemicals of
potential concern, avaijlable sampling and analytical
strategies or methods, and probable sources of
uncertainty.

Beforescoping the R, itis critical for suceessful planning
that the RPM develop a conceptual site model (Exhibit
6) in consultation with the risk assessor and all
appropriate personnel. This chapter provides the
background information necessary to plan for the
acquisition of environmental data for baseline risk
assessments. The quality of a risk assessment is
intimately tied to the adequacy of the sampling and
analysis plan (SAP) developed during the R

w Effective planning improvesthe useability
of environmental anafytical data in the final
risk assessment.

Data needs for baseline risk assessments are not
necessarily met by data the RPM acquires to identify the
nature and extent of contamination at a Snperfund site,
For example, a sampling strategy designed todetermine
the boundaries of a contaminated area may not provide
data to quantitate concentrations within an exposure
area. The risk assessment may also require more
precision and accuracy, and lower detection limits.
Accordingly, the risk assessor should be an active
member of the team planning the RI and must be
consulted from the start of the planning process.

Four fundamental decisions for risk assessment are (o
be made with the data acquired during the RI, as
discussed in Chapter 2.

» If the sampling design is representative, the
question of what contamination is present and at
what conceniration is an anaiytical problem. Key
concerns are the probability of false negatives and
false positives. Theselectionof analytical methods,
laboratory performance, and type and amount of
data review affects these issues for both site and
background samples.

« Assuming that chemicals of potential concemmn
have been identified, the second question involves
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background levels of contamination. Are site
concentrations sufficiently elevated from true
backgroundlevels to indicate an increased risk for
huyman heakth due to site contamination?

= All exposure pathways and exposure areas must
be identified and examined. The two decisions
concerning exposure pathways and areas primarily
involve identifying and sampling the media of
concern,

+ Thefinal decisioninvolves characterizing exposure
arcas. Sampling and analysis must be
representative and satisfy performance objectives
determined during the planning process.

RI planning and implementation of RI plans affect the
certainty of chemical identification and guantitation.
Therefore, the RIneeds to collect useable environmental
analytical data to ¢nable the risk assessor to make these
decisions.

Acronyms
AA atomic absorption
CLP Contract Laboratory Program
CRDL contract required detection limit
CRQL coniract required quantitation limit
DI data quality indicator
DQO data quality objective
GC gas chromatography
HRS Hazard Ranking System
ICP inductively coupled plasina
IDL instrument detection limit
LOL limit of linearity
106G lirgit of quantitation
MDL method detection limit

MS mass spectrometry

OVA organic vapor analyzer

PASSI primary assessment/site inspection
PAH pelyeyclic aromatic hydrocarbon
PCB polychlorinated biphenyl

PQL practical quantitation Limit

QA quality assurance

QC quality control

QAPjP quality assurance project plan
QTM Quick Turparound Method

RI remedial investigation

RIFS remedial investigation/feasibility study
RPM remedial project manager

RRF relative response factor

RRT relative retention time

SAP sampling and analysis plan

SOP standard operating procedure

SQL sample quantitation limit

TIC tentatively identified compound
TRIS Toxic Release Inventory System
XRFE X-ray fluorescence




3.1 DATA USEABILITY CRITERIA

Exhibit 12 lists the six data useability criteria involved
in planning for the risk assessment, summarizes the
importance of each criterion to risk assessment, and
suggests actions to take during the planning process o
improve the useability of data. The following sections
define each criterion and describe its effect on risk
assessment. '

3.1.1 Data Sources

The datasources selected during the RIplanning process
depend on the type of data required and their intended
use. Data collected prior to the RI are considered
historical; data collected during the RI are considered
current and are usually specified in the RI planning
process. Data may be analytical or non-analytical. The
same analytical data requirements apply, whether the
data are current or historical. Field screening methods
can be used, and sufficient documeniation produced, w
actas an initial source of data, The minimum criteria for
analytical data are discussed in Chapter 5.

Exhibit 13 identifies available data sources and their
primary uses in the risk assessment process. Historical
and current analytical data sources are briefly discussed
below.

Data sources prior to remedial investigation.
Historical data sources are wseful for determining
sampling locations and analytical approaches in the RI,
Early site inspections may locate industrial process
information thatsuggests chemicals of poiential concemn.,
Historical data indicate industry-specific analytes and
general levels of contamination and trends that are
useful for identifying exposure pathways, for developing
the sampling design, and for selecting analyticalmethods.
Historical analytical data are often available from the
preliminary assessment/site inspection (PA/SI),
including reports on the physical testing, screening, and
analysis of samples. Othersources of analytical data for
baseline risk assessment include the Hazard Ranking
System (HRS) documentation, site records of removal
anddisposal, and industry-specific systems forchemical
discharge permits. - Results from analyses by state or
local governments may also indicate chemicals of
potential concern. Exact locational data for historical
samples should be obtained whenever possible.

w Use historical analytical data and a broad
spectrumn analysis to initially identify the
chemicals of potential concern or exposure
areas.

The quality of historical data must be determined prior
totheir usein the R1. For historical analytical data to be

EXHIBIT 12. IMPORTANCE OF DATA USEABILITY CRITERIA
IN PLANNING FOR BASELINE RISK ASSESSMENT
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Data
Useability
Criterlon imporiance Suggested Action
Dala Sources Data sotrces must be comparatble if data are combined for Use data from different data sources together to
(3.1.1) quantitative use in risk assessmant. Plans can be made in balance turnaround time, quality of data, and
' the Al for use of appropriate data sources so that data cost. Gonsult with a chesmist or stafistician to
compatibility does not bacome an issue. assess compalibility of data sats, )
Documentation | Deviations from the SAP and SOPs must be dogumented Review the workplan and SAP and, if
(3.1.2) so that the risk assessor will be aware of potantial appropriate, SOPs. As the data arrive, check
- limitations in the data. The risk assessor may need for adherence to the SAP so that corrective
additional decumentation, such as field records on weather acticn such as resampling may be taken and stiil
condilions, physical parameters and site-specific geclogy. adhere 1o the project timetabls.
Data usaable for risk assessment must be finked to a
specific location, Stress importance of chain-of-custody for
sample point identification in Rl planning
meetings.
Analytical The method chosen must test for the chermiical of potential Participate with chemist in selacting methods
Methods and concermn at a datection Himit that will meet the concentration with appropriate detection limits during RI
Datection levels of concem in applicable matrices. Samples may planning. Consultation with a chamist is
Limits have 1o be reanalyzed at a lower dataction limit if the required when a method's detection limitis at or
{3.1.3) deteciion limitis not low enough to confirm the presence above the concentration level of concern.
. and amount of contaminafion.
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EXHIBIT 12. IMPORTANCE OF DATA USEABILITY CRITERIA
IN PLANNING FOR BASELINE RISK ASSESSMENT

(Cont'd)

Data
Useability
Criterion

Impeortance

Suggested Action

Data Quality
Indicators
(3.1.4)

Completeness

Complelenass for crifical samples must be 100%.
Unforeseen problems during sample collection {as defined
in Chapter 4) and analysis can affect data completeness.
If a sampla data set for risk assessment is not completa,
more samples may have {o be analyzed, affecting Ri time
and resource constraints.

Define completeness in the SAP for both the

- number of samples and quantity of useable data

naeded o meet perfonmance objectives.

" Idantify critical samples during scoping. The

SAP shotild be reviewed by the RPM before
initiation of sampling.

Comparability The risk levels generated in guaniitative risk assessment Plan to use comparable methods, sufficient
may be questionable if incompatible data sets are used quality centrol, and comman units of measure for
together. different data sets that wiil ba usad together, fo

facilitate data compatability, Consult with &
chamist 1o ensure comparibility of data sets.

Represania- Sample data must accurately reflect the site Discuss plans for collection of sufficient nurmber

tiveness characterisfics o effectively represent the site's risk to of sarnples, a sample design that accounts for
human health and the environment. Hotspots and exposure area media, and an adequate number
expostira area media must have representative data. of samples for risk assessment during scoping

and document plans in the SAP, This guidance
may be modified by Region-specific guidelines.

Procision if the reported result is near the conceniration of concarn, Plan for the use of QC samples (duplicales,

' it is necessary lo be as precise as possible in order 1o replicates and/or collocated samples) applicable
quandify the likefihood of false negatives and false to risk assessment bafore sampling activities
positives, begin. Assess confidence limits from the QC

dafa on the basis of the sampling design or
analytical method used.

Accuracy Quantitalive accuracy information is critical when results . Plan and assess QC daia {blanks, spikes,
are reported near the level of concern, Contamination in performance evaluation samples) to measure
the fisld, during shipping, or in the laboratory may bias the bias in sampling and analysis. Consuita
analytical results. Insiruments that are not calibrated or cherrist to interpret data qualified as
tuned according fo Statement of Work requirements may "astimated” that are near a corcantration of
also bias results. The use of data that is biased may affect concern, i
the interpratation of risk levels.

Data Review Usa of preliminary dala or partially reviewed data can Decisions regarding leval and depih of review will

{3.1.5} conserve time and resources by allowing modification of . conserve time and project rescurces and should
the sampling plan while the Rl is in process. Critical e made in conjuncticn with the APM and
analytes and samplas used for quantitative risk analytical chemist, “Non-datect’ results require
assassment require a full data review. a full review.

Reporls Data reviewers should report data in a format that provides Prescribe & report format during scoping, and

to Risk raadability as well as clarifying information. SCiLs, a include it in the SAP. Communicate with the -

Asgessor nasrative, and qualifiers that are fully expiained reduce the polential data reviewer to aid the definition of a

(3.1.6) time and effart raquired in interpreting and using the specific report format, Region-specific

analytical results. Limitations can be readily idenfified and
documented in the risk assessiment report.

guidalines may apply.
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EXHIBIT 13. DATA SOURCES AND THEIR
USE IN RISK ASSESSMENT

Available Data

Sources Data Type Primary Use(s)
PA/SI| data Analytical * Scoping and planning
' » |dentifying data trends
» Determining historical background levels

HRS Site records, | » Quantitating the risk assessment
documentation manifests, = |dentifying trends

PA/SI, * Planning (by identifying the chemicals prasent)

analytical

Site records on
removal and disposal

Administrative

* Planning (by identifying the chemicals present)

Toxic Release Chemical » Planning {by identifying the chemicals present)

[nventory System discharge

{TRIS) (Industry-

Specific)

Site, source and Physical * Determining fate and transport

medla characteristics parameters ¢ Defining exposure pathways

as found in PA/S| data | (e.g., meteor-

and reference ological,

materials geclogical)

Field screening Analytical * Parforming a preliminary assessment
» Characterizing the site

Field analytical Analytical + Quantitating the risk assessment
+ Characterizing ihe site

Fixed laboratory,” both | Analytical * Quantitating the risk assessment

CLP and non-CLP
(EPA, state, PRP,
commetrcial)

* Providing a reference

* Broad screen

+ Confirming screening data
* Characterizing a sita

) Mobile laboratories often have the same instrumentation available as fixed laboratories,
with the exception of ICP or MS.

21-002-013

useful in the quantitative risk assessment, sampling

design, sampling and analytical techniques, and detection
.limits must be documenied, and the datamust have been
. reviewed.

Historical analytical data of unknown quality may be
used in developing the conceptual model or as a basis
for scoping, but not in determining representative
exposure concentrations. Analytical data from the PA/
Slthatmeetminimum data useability requirements (see
Section 5.1.1) can be combined with data from the R to
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estimate exposure concentrations. Similarly, historical
data of lower quality may be used if the concentrations
are confirmed by subsequent RI analyses.

Data sources for the remedial investigation. It may
be efficient to use a variety of data sources during an RI.
For example, amalytical services providing a rapid
turnaround of estimated data can be used to estimate the
three-dimensional extentof contamination orto “chase”
a groundwater pollutant plume. Rapid turparound
analytical services include field analysis or Quick



Tumaround Method (QTM) analyses under the Contract
Laboratory Program (CLP). On the other hand, if an
unexpected situation arises, such as the discovery of
buried drums on the site, it may be appropriate to
procure-the analytical services of a local commercial
laboratory, Data requiring a rapid tumaround are
typically produced from streamlined analytical methods,
and a ceriain percentage should be analyzed using a
confirmatory method, such as CLP analytical services.

The planning process for the RI identifies gaps in the
available analytical data and determines additional data
collection requirements, Three types of analytical data
sources can be used during the RI to acquire analytical
data forarisk assessment, Theseinclude field screening,
field analyses, and fixed laboratory analyses.

+ Field screens are performed using chemical field
testKkits, ion-specific probes, and othermonitoring
equipment, but should be confirmed by other
techniques. Field screening is usually performed
to provide a preliminary assessment of the type
and level of concentration of the chemicals of
potential concern.

+ Field analyses are performed using instruments
and procedures equivalent to fixed laboratory
analyses; they produce legally defensible data if
QC procedures are implemented. Field analyses
are usnally performed as part of an integrated
sampling and analysis plan to quantitate risk
assessment and site characterization.

+ Fixed laboratory analyses are particularly useful
for broad spectrum and confirmation anafyses.
They often provide more detailed information
over a wider range of analytes than field analyses.
Fixed laboratory analyses arecritical toquantitative
risk assessment and site characterization.

Adiscussion ofissuesrelated to field and fixed laboratory
analyses is presented in Section 3.2.9.

Analytical services constitute a significant portion of
the Superfund budget and shonld be conserved when
possible. CLP costs do not appear on the remedial
investigation/feasibility study (RI/FS) project budget.
Analyte-specific methods may be used for chemicals
identified after a broad spectrum analysis by CLP or
other fixed laboratory analysis, and may provide more
accurate results. Site samples analyzed by CLP routine
analytical services take anaverage of 35 days toproduce
resnlts and datareview will add to the overall turnaround
time. Other data sources, such as amobile laboratory or
CLP QTM or special analytical services, can quickly
produce good “firstlook” results which can be followed
upimmediately while onsite. Mobile laboratory services
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can replace some CLP services if analytical capabilitics
are adequately demonstrated by method validation data
and if minimum QC requirements aremet (seep. 59). At
least 10% of sample analyses should be confirmed by
fixed laboratory analysis in all simations.

3.1.2 Documentation

Data collection and analysis procedures must be
accurately documented to substantiate the analysis of
the sample, conclusions derived from the data, and the
reliability of the reported analytical data. Plans should
be prepared during the RI scoping to document data
collection activities. This RI documentation can be
used later to evaluate completensss, comparability,
representativeness, precision, and accuracy of the
analytical data sets, Four major types of documentation
are produced during an RL

« Thesampling and analysisplan, including aquality
assurance project plan (QAPP),

+ Standard gperating procedures (SOPs),
« Field and analytical records, and
s (Chain-of-custody records.

Sampling and analysis plan. The scoping meetings
and the SAP must clearly establish the end use
requirements for data. The data quality indicators for
assessing results against stated performance objectives
should also be documented in the SAP (sec Section
3.1.4). The SAP includes the QAPjP and information
required in the SOPs, field and analytical records, and
chain-of-custody records (EPA 1989a).

Standard operating procedures and field and
analytical records. SOPs for field and analytical
methods must be written for all field and laboratory
processes. Adherence to SOPs provides consistency in
sampling and analysis andreduces thelevel of systematic
error associated withdata collection and analysis. Exhibit
14 lists the types of SOPs, field records, and analytical
records that are usnally associated with RI datacollection
and analyses, and relates the importance of each to the
risk assessment.

All deviations from the referenced SOPs shounld be pre-
approved by the RPM and documented. Samples that
are not collected or analyzed in accordance with
established SOPs may be of limited use because their
guality cannot be determined.

Chain-of-custody. The technical team must decide
during scoping what datamay be used for costrecovery
actions, and plan accordingly for the use of full-scale
chain-of-custody or less formal chain-of-custody
procedures, Full-scale chain-of-custody is required for



EXHIBIT 14. RELATIVE IMPORTANCE OF
DOCUMENTATION IN PLANNING AND ASSESSMENT

cost recovery and enforcement actions, but does not
affect a guantitative determination of risk., Full-scale
chain-of-custody includes sample labels and formal
documentation that prove the sample was not tampered
with or lost in the data collection and analysis process.
Sample identity must be verifiable from the collector’s
notebook and laboratory data sheets, as well as from a
formal chain-of-custody.

3.1.3 Analytical Methods and
Detection Limits

The choice of analytical methods is important in RI
planning. Appropriate analyticalmethods have detection
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Documentation Importance
Sampling and Analysis Plan
* Saiection and identification of sampling points Critical
*+ Sample collection SOP High
* Analytical proceduras or protocols High
* SOP for data reporting and review High
= QA project plan High
* Method-specific QC procadures Meadium
* QA/QC procedures Medium
* Documented procedures for carractive action Medium
* S0P for corrective action and maintenance Medium
* Sample preservation and shipping SOF Medium
* SOPs for sample receipt, custedy, fracking and storage Low
* SOP forinstallation and monitoring of equipmant Low
Chain-of-Custody
+ Documentation records linking data to sample location Critical
+ Sampling date Critical
= Sample tags High
+ Custody seals Low
* Laboratory receipt and tracking Low
Field and Analytical Records
* Field log records High
= Field information desciibing weather conditions, physical parametars High
or site-specific geclogy ]
+ Documentation for deviations from SAP and SOPs High
» Data from analysis -- raw data such as instrument output, spectra, High
chromatograms and laboratory nanative
» internal laboratory racords Low
KEY  Citical = Essential to the useability of data for risk assassment,
High =  Sheu!d be addressed in planning for risk assessment,
Medium =  Primaiily impacts how data are qualified in risk assessment.
Low = Usually has litlle sffect on useability of data for risk assessment.
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limits that meet risk assessment requirements for
chemicals of potential concern and have sufficient QC
measwres to quantitate target compound identification
and measurement. The detection limit of the method
directly affects the useability of databecause chemicals
reported near the detection limithave a greater possibility
of false negatives and false positives. The risk assessor
or RPM must consuita chemist for assistance in choosing
ananalyticalmethod when those available have detection
limits near the required action level. Wheneverpossible,
methods should not be used if the detection limits are

~ above the relevant concentrations of concern,



3.1.4 Data Quality Indicators

Data quality indicators {DQIs) are identified during the
development of data quality objectives (DQOs), to
provide quantitative measures of the achievement of
quality objectives. This section discusses cach of five
DQIs as they relate to the assessment of sampling and
analysis.

« Completeness

» Comparability

* Representativeness
= Precision

» Accuracy

These indicators are evaluated through the review of
sampling and analytical data and accompanying

documentation. The risk assessor may need to
communicate with a chemist or statistician after the data
collection process hasbeen completed to evaluate DQIs.
Therefore, the SAP, field and analytical records, and
SOPs should be accessible. Exhibits 15 and 16
summarize the importance of DQIs to sampling and
analysis inrisk assessmentand suggest planning actions.

Each DQI is defined in this section. Note that the
specific nse of the indicators to measure data useability
is different for sampling and analysis, For example,
completeness asapplied to sampling refers to the number
of samples to be collected, Completeness as applied to
analytical performance primarily refers to the number
of data points that indicate an analytical result for each
chemical of interest (¢.g., 10 samples analyzed for 25
chemicals will produce a total of 250 data points, 10
data points for each chemical).

EXHIBIT 15. RELEVANCE OF SAMPLING DATA QUALITY INDICATORS

of sample represantativeness for
idenfification of false negatives and
estimation of average concentration,

Data Quality
Indicators Imporfance Suggested Planning Action
Completensss Complete materials enable assessment Stipulate SOPs for sampls

collection and handling in
the SAP to specify requirements for
completenass.

Comparability

Comparable data give the ability to
combine analytical results across
sampling episodes and time periods.,

Use the same sample design across
sampling episodes and similar time
petiods.

lass of sample from improper collection or
handiing (loss of volafilas) may resultin
blas, false negatives, or false positives
and inaccurate estimates of
concentration,
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Reprasentativeness | Representative data avold false negatives| Use an unbiasad sample design,
and false positives (field sampling
contamination). Collect additicnal samples as
requlired,
Non-representative data may result in
bias of cancentration estimates. Prapare detailed SOPs for handling
: field equipment. :
Precision Variability in concentration estimates may | Increase number of samples.
increase uncertalnty.
Usa approptiate sample designs.
tJse QC resuits for monitoring.
Accuracy GContamination during sampling process, | Usae SOPs for sample collection,

handling, and decontamination.

Usa QC results for monitoring.
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EXHIBIT 16. RELEVANCE OF ANALYTICAL DATA

32

QUALITY INDICATORS
Data Quality
Indicators Importance ‘Suggested Planning Action
Complstensess Poor data quality or lost samples . Prepare SOPs to suppott sample
reduces the size of the data set tracking and analytical proceduras,
and decreases confidence in review, and reporting aspects
supperting information, of laboratory operations,
Comparability Comparable data allow the ability Reference analyte-specific method
to combine anaiytical results perfermancs characteristics,
acquired from various sources _ '
using different methods for Reference applicable fate and transport
samples taken over the periad of documentation.
investigation.
Anticipate field and laboratory
variability,
Reprosentativeness Non-repressntative data or Include requirement for broad spectrum
non-hemogeneity of sample analysas across site area.
increasaes the potential for false
negatives or false positives, Ensure sampla is mixed and adaguately
_ reprosents the environment (not
Potential for change in sample applicable to volatiles),
before analysis may decrease
representativensss, Include provision for blank {transpor,
storage and analytical) QC manitoring.
Usae fisld methods when applicable,
since they have an advantage in
minimizing vanability from transport and
storage.
Procision Monitasing can indicate the lavel Method QC component and site-specific QC
of precisicn. samples that use extemal reference are the
_ best monitoring techniques,
Precisien provides the level of
confidence to distinguish Consider in method sefection whether
between site and background anticipated site levels are near the MDL and
levels of contamination. Itis of above action limits.
primary importance when the
concentration of concem
approaches the detection limit.
Accuracy Accuracy alsc provides the level Broad spectrum screaning methods may
' of confidencs to distinguish have significant negalive bias for chemicals
between site and background of potential concern. Consider mathod
levels of contamination. As acciracy and detection limits if site levels
concentration of concemn approach cencentrations of concem.
approaches the detection limit,
the differentiation includes
confidence in determining
presance or absence of chemical
of potential concem.
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Completeness. Completeness is a measure of the
ammount of useable data resplting from a data collection
activity. The required level of completeness should be
defined in the QAP{P for thenumber of samples required
in the sampling design and for the guantity of useable
data for chemical-specific data peints necded to meet
performance objectives. All required data items must
be obtained for critical samples and chemicals, which
are identified in the QAPjP. Incompleteness in any data
item may bias resnlts as well as rednee the amount of
useable data.

Problems that occur during data collection and analysis
affect the completeness of a data set. Fewer samples
may be collected and analyzed than eriginally planned
because of site access problems, Laboratory performance
may be affected if capacity is exceeded, causing datato
be rejected. Some samples may not be analyzed due io
matrix problems. Samples that are invalid dus to
holding time violations may have t0 be re-collected or
the data set may be determined as useable only to a
limited extent. Therefore, both advance planning in
identifying critical samples and the use of alternative
sampling procedures are necessary to ensure
completeness of a data set for the baseline risk
assessment.

Comparability. Comparability expresses the
confidence with which data are considered to be
equivaleat. Combined data sets are used regularly to
develop quantitative estimates of risk, The ability to

compare data sets is particularly critical when a setof .

data for a specific parameter is applied to a particular
concentration of concemn.

Comparability for sampling primarily invelves sampling
designs and time periods. Typical questions to consider
in determining sampling comparability include:

= Was the same approach 10 sampling taken in two
sampling designs?

+ Was the sampling performed at the same time of
year and under similar physical conditions in the
individual events?

+ Were samples filtered or unfiltered?
« Were samples preserved?

Typical questions to consider in determining analytical
comparability include:

= Were different analytical methodologies used?

« - Were detection limits the same or at least similar?
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+ Wers different Iaboratories used?
+ Were the units of measure the same?
» Were sample preparation procedures the same?

Use routine available methods and consistent units of
measure when datacollection will span several different
sampling events and laboratories, to increase the
likelihood that analytical results will be comparable.
For field analyses confirmed by laboratory analyses,
careful attention must be taken to ensure that the data
from field and fixed laboratorics are comparable or
equivalent (see Section 3.2.9), When precision and
accuracy are known, the data sets can be compared with
confidence. Planning ahead for comparable sampling
designs, methods, quality control, and documentation
will aid the risk assessorin combining data sets for gach
exposure pathway, '

Representativeness. For risk assessment,
representativeness is the extent to which data define the
true risk to human health and the environment. Samples
must be collected to reflect the site’s characteristics and
sample analyses must represent the properties of the
field sample. The homogeneity of the sample, use of
appropriate bandling, storage, preservation procedures,
and the detection of any artifacts of laboratory analyses,
such as blank contamination, are particularly important,
For risk assessment, sampling and analyses must
adequately represcateach exposure area or the definition
of an exposure boundary.

Representativeness ¢an be maximized by ensuvring that
sampling locations are selected properly, potential hot
spots are addressed, and a sufficient nnmber of samples
are collected over a specified time span, The SAP
should describe sampling techniques and the rationale
used to select sampling locations.

Precision. Precision is a quantitative measure of
variability, comparing results for site samples to the
mean, and is usnally reported as acoefficient of variation
or a standard deviation of the arithietic mean. Results
of QC samples are used to calculate the precision of the
analytical or sampling process. Measurementerroris a
combination of sample collection and analytical factors.
Field duplicate samples help to ¢larify the distinction
between uncertainty from sampling techniques and
uncertainty from analytical variability. Analytical
variability can be measured through the analysis of
laboratory duplicates or through multiple analyses of
performance evaluation samples, If analytical results
arereportednear aconcentrationof concern, the standard
deviation or coefficient of variation can be incorporated
in standard statistical evaluations to determine the
confidence level of the reported data. A statistician or



achemist should be consulted tomake this determination.
Total variability mustbe evaluated to assess the precision
of data used to define parameters in risk assessment.

Aceuracy. Accuracy is a measure of the closeness of a
reported concentration 1o the true value, This measure
isusually expressed as bias (high orlow) and determined
by calculating percent recovery from spiked samples.
The risk assessor should know the required level of
Certainty for the end use of the data, expressed as DQOs,
when reviewing accuracy information. When resuits
are reporied at or near a concentration of concern,
accuracy information is critical,

Accuracy of identification may be affected by sample
contamination introduced in the field, during shipping,
oratthe laboratory, Field and tipblanks should be used
during the RI toidentify contamination and the associated
bias related to sample collection or shipment, Method
blanks, andit samples, and calibration check standards
should be used to monitor laboratory contamination.
Accuracy information may be of less importance if the
precision {bias) is known,

3.1.5 Data Review

This section discusses the importance of alternative
levels of data review to the risk assessment. The two
‘major effects of data review on data useability are;

+ The timeliness of the data review and

 The level and depth of review (e.g., entire site,
specific sample focus, specific analyte focus,
amount of QC data assessed).

A tiered approach involving combinations of datareview
alternatives is recommended so that the risk assessor
can use preliminary data before extensive review. The
RPM, in conjunction with the risk assessor and the
projectchemist, must reach a consensus on the level and
depth of data review to be performed for each data
source, to balance useability of data and resource
constraints. Exhibit 17 summarizes the characteristics
and uses of different levels of data review,

Timing of review. Plans for the timing of the data
review should be made prior to data collection and
analysis. The risk assessor uscs preliminary data in a
qualitative manner to identify compounds for toxicity
studies and, initially, toascertain trends in concentrations
and distributions of the analytes of concerm, to plan for
additional sampling, and torequest additional analyses.
Using data as they become available will usually reduce
the time needed to complete the risk assessment.
However, all data must receive a minimum level of
review before use in the quantitative aspects of risk
assessment.  Iterations on data review is resource
intensive; if they are used, they should be planned
carefully as part of a structured process.

EXHIBIT 17. ALTERNATIVE LEVELS OF REVIEW OF ANALYTICAL DATA

Level of-
Review Samples Analytes Parameters Patential Uses
None Initial All Analytical results Qualitatively identify risk
assessment analytes.
Modify SAP,
Full initial samples All All analytical results, Quantitatively perform risk
: analyzed for broad QC, and raw data assessment. Modify SAP,
-spectrum components Modify review process,
Partial Critical samples for all analytes Selected analytical Improve timeliness,
or results, QC, or raw overall efficiency,
Ali samples for critical analytes data save resources.
Focus on chemicals
of potential concermn.
Automated All All Parameters available Improve timeliness,
to the automated _ consistency, cost
system. Noraw data| effectiveness. f data are
are evaluated. ~ [ electronically transferred to
a database, eliminates
transcription errors,
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w  To expedite the risk assessment,
preliminary data should be provided to the
risk assessor as soon as they are available.

Level and depth of review, The RPM may select
different levels of datareview, in consultation with the
risk assessor or other data users and the project chemist.
All data must have a minimum level of review, Data
review levels can range from all site samples with all
reported data to specific key analytes and samples and
may be specified in EPA Regional policics, Careful
consideration is required in selecting a level of review
that is consistent with data quality requirements.

A full data review minimizes false positives, false
negatives, calculation errors, and transcription errors.
“Non-detect” resnlts must be reviewed to avoid “false
negative” conclusions, Partial review should be utilized
only after broad spectrum analysis results have
undergone full review; it may be useful after chemicals
of potential concern have been identified. A flexible
approach to datareview alternatives allows the RPM to
- balance titne and resource consiraints.

Depth of data review refers to which evaluation criteria
are selected, ranging from generalized ctriteria that may
affect an entire data set (¢.g., holding time) to analyte-

specific criteria that may affect only a portion of results
from one sample (e.g., recovery of a surrogate spike for
organics or analyte spike recovery for inorganics), The
RPM decides the depth of review for each data source,
to provide a balance between useability of data and
resource constraints. Chemicals of potential concern in
the quantitative risk assessment should not be eliminated
from concern without a full data review,

Automated data review systems. Automated data
review systems can be used to assess all samples and
analytes for which there are compuier-readable data in
the format required by the antomated system. The depth
of review depends on both the data and the assessment
system. The primary advantages of automated data
review systems for the risk assessor are timeliness, the
elimination of transcriptionerrors that can be introduced
during manual review processes, and computer-readable
output which usually includes results and qualifiers.
This information can be transferred to computer-assisted
riskassessmentand exposure modeling systems. Exhibit
18 provides a list of software that aid data review and
evaluation,

EXHIBIT 18. AUTOMATED SYSTEMS*
TO SUPPORT DATA REVIEW

System EPA Contact

Description

Computer Assisted Data
Review and Evaluation

CADRE Gary Robertson

An automated evaluation system

Guality Assurance Div. | that accepts files from CLP format
USEPA, EMSL-LV
{702) 798-2215

disk delivery or mainframe transfer
and assesses daia based on
National Functional Guidelines for
Organie {or Inarganic) Data Review
(EPA 1991e, EPA 1988e) {default
criteria). System accepts manual
entry of other data sets, and rules for
evaluation can be user-defined to
reflect specific information needs.
(Inorganic system is in development.}

Electronic Data Transfer
and Validation System

eDATA William Coakley
USEPA, Emergency
Response Team
{908) 906-6921

An automated review system
developed to assist in rapid
evajuation of data in emergency
response. May be applicable for both
CLP and non-CLP data. System
combines DQOs, pre-established

site specifications, QC criteria, and
sample collection data with laboratory,
results to determine useability.

A fixed disk i_s recommended.

" Both systemns operate on an |BM-compatible PC AT with a minimum of 640K RAM.

21002018



3.1.6 Reports from Sampling and
Analysis to the Risk Assessor

Preliminary data reports assist the risk assessor in
identifying sampling or analytical problems early enough
so that corrective actions can be taken during data
collection, before sampling or analysis resources are
exhausted. The risk assessor should request preliminary
data during RI planning and formalize the reguest in the
SAP. The use of such information may reduce the
overall time required for the risk agsessment and increase
‘the quality of a quantitative risk assessment.

Exhibit 19 lists the final data and documentation needed
to support risk assessment, and rates the importance of
each item. Data are most useable when reporied in a
readable format and accompanied by additional,
clarifying information. Regional policy usually defines
report structures which specify the format for manual
summaries, formachine-readable data(where required),
and for summary tables from datareview. The RPM can
request the data reviewers to provide a data summary
table listing sample resnlts, $ample quantitation limits,
and qualifiers on diskette for downloading inio Risk*
Assistant(an antomated tool to supportrisk assessment),
spreadsheets, or other software programs that the risk

EXHIBIT 19. DATA AND DOCUMENTATION NEEDED
FOR RISK ASSESSMENT
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Data and Documentation Importance
» Site description with a detailed map indicating site location, showing Critical
the site relative to surrounding structures, terrain features, population or
receplors, indicating air and water flow, and describing the operatwe industrial
process if appropnaie
= Site map with sample locations (including soil depths) identified. Critical
» Description of sampling design and procedures including rationale, Critical
¢ Description of analytical method used and detection limits including Critical
SQLs and detection limits for non-detect data.
+ Results given on a per-sample basis, qualified for analytical limitations :
and error, and accompanied by SQls. Estimatsd quantities of Critical
compoundsfentatively identified compounds.
« Field conditions and physical parameter data as appropriate for the media
involved in the exposure assessment. Critical
» Narrative explanation of qualitied data on an analyte and sample basis,
indicating direction of bias. High
= QC data resuits for audits, blanks, replicatss and spikes from the field and
laboratory. High
» Definitions and descriptions of flagged data,
: High
* Hardcopy or diskette results,
Medium
+ Raw data {instrument output, chromatograms, spectra).
High
» Definitions of technical jargon used in narratives,
Low
KEY Critical = Essential to the useability of data for risk assessment,
High = Should be addressed in planning for risk assessment.
Meadium = Primarily impacts how data are qualified in risk assessment.
Low = Has litile effect on useability of data for risk assessment.
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assessor may use. An. example of a recommended
report format {or tabular resulis appears in Appendix I.

The data reviewer should provide a narrative summary,
which is comprehiensible to a nonchemist, describing
specific sampling or analytical problems, data
qualification flags, detection limit definitions, and
‘interpretation of QC data. This summary must always
be followed and supporied by a detailed commentary
thatexplicitly addresses each item from the narrative on
alechnical basis. The explanation for data qualification
inthe commentary facilitates datause. If anontechnical
narrative is unavailable, the risk assessor must (at a
minimum) be provided with explanations of qualification
flags, detection limits, and interpretation of QC data
(see Appendices I, V and VI for examples)}. A chemist
familiar with the site can be fequested to interpret the
analytical review with site-specificinformation, such as
physical site conditions that affect sample results,

3.2 PRELIMINARY SAMPLING AND
ANALYTICAL ISSUES

This guidance cannot encompass sampling designinthe
assessment of environmental sampling and analysis
procedures; however, this section does sketch a
framework for these activities. [t discusses key issues
for determining the potential impact of sampling and
analysis procedures on datauseability for risk assessment
and for identifying sitnations that require statistical or
methodological support.
primarily focuses onsoil issues, butsome generalizations
can be made to other media such as sediment or
groundwater, Rulesof thumb, reference tables, statistical
formats and checklists support the statistical
undesstanding and sophistication of RPMs and risk
assessors. A Sampling Design Selection Worksheet, a
Soil Depth Sampling Worksheet, and aMethod Selection
Worksheet are 00ls, presented with step-by-step
instructions in Chapter 4, to focus planning efforts.

Sampling issues. Resolving statistical and non-
statistical sampling issues provides the risk assessor,
project chemist, and QA personnel with a basis for
identifying sampling design and data collection
problems, interpreting the significance of analytical
error, and selecting methods based on the expected
contribution of sampling and analytical components to
total measurement error, Comprehensive discussions
of environmental sampling procedures are given in
Principles of Environmental Sampling (Keith 1987),
Environmental Sampling and Analysis (Keith 1990a),
Methods for Evaluating the Attainment of Cleanup
Standards (EPA 1989¢), and the Soil Sampling Quality
Assurance User's Guide (EPA 1989{).

The sampling “discussion
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Several assumptions concerning sampling andassociated
statistical procedures have been made to simplify the
discussion in this section:

» The RPM and risk assessor are familiar with basic
environmental sampling and statistical terms and
logic and have access to a statistician.

+ Sampling designs are mainly based on stratified
random or systematic random sampling (grid), or
variations thereof. Systematic sampling requires

" special variance calculations for estimating
statistical performance parameters such as power
and confidence level; these calculations are not
provided in this gnidance.

. Statisticiams are consulied for any significant
problems of issues not covered in this guidance.

+ Superfund contaminant concentrations for a site
generally fit a log-normal distribution.
Measurements of variability are generally given
in log-transformed vnits. Overviews of statistical
methodology include Gilbert (1987) and Koch
and Link (1971). Parametric tests in transformed

* units (Aitchison and Brown 1957) have logarithmic
forms (Seichel 1956). Graphical methods of
determining re-transformed means dnd their 95%
confidence levels are available (Krige 1978).

* Quality assurance procedures for sampling and
analysis are not separate, even though the
discussion addresses themn separately,

Exhibit 20 summarizes the importance of each of the
preliminary sampling planning issues to the risk
assessment, proposes planning actions to reduce or
eliminate their effect on data useability, and refers the
reader to further discussion in the text. Information
relevant to preliminary sampling plamning can be
obtained by collecting site maps, photographs and other
historical and carrent documents which depict
production, buildings, sewage and storm drains, transport
corridors, dump sites, loading zones, and storage areas.
Areliable and current base map is particularly important.

Data adequacy. All data users should clearly state the
level of data adequacy they desire. These statements,
and the resources that will be committed, should be
incorporated into the sampling plan objectives. If an
appropriate level of uncertainty cannotbe determined at
this stage, an initial goal should be agreed on for the
final level of reliability, which may be revised during
the iterative sampling process. Sinceeach siteis unique,
it may be extremely difficult to attain a given level of
data adequacy, An iterative sampling program may



EXHIBIT 20. IMPORTANCE OF SAMPLING ISSUES IN RISK ASSESSMENT

Analytical Variability
versus Measurement
Error (3.2.5)

measurement etror by a factor of three to
four (EPA 1988c).

Sampling variability increases uncertainty
or variability; measurement errar
increases bias.

Issue importance Suggested Action
Chemicals of Polential | Chemicals have different rates of Increase the number of samples for
Concem occurrence and coefficients of variation. chemicals with low occurrence andlor
{3.2.1} This impacts the probability of false high coefficients of variation.

negatives and reduces confidence limits for
estimates of concerdration.
Sampling and Sampling variability can exceed Reduce sampling variability by taking

more samples {using less expensive
methods}). This allows more samples
to be analyzed,

Use QG samples to estimate and
control bias. Prepare SOPs for
handling all field equipment.

Media Variability
(325 -

Sampling problems vary widely by media as
dovariability and bias.

Design media-specific sampling
approaches.

Sample Praparation

Cantamination can be introduced during

Use blarks at sources of potential

and Sample sample preparation, producing false contamination. Collect fitered and
Presatvation positives. Filleting may remove unfilered samples.

{3.2.6) confaminants sorbed on patticles,

Identification of Not all samples taken in a site Specifically address exposure
Exposure Pathways | characterization are useful for risk palhways in sampling designs. Risk
(3.2.0 assessment. Oflen only afew samples have | assassors should participata in

been taken inthe area of inferest.

seoping meeting.

Use of Judgmental or
Purposive Sampling
Design

(3.2.8)

of contamination. -

allow arealistic appraisal of the variability present at the
site; a phased investigation may be warranted, with an
increase in data adequacy-at each phase.

Natural variation. Itis important toreatize thatnatural
variation (environmental heterogeneity} in both soil
and water systems may be 50 great that variaiion due to
field sampling is significantly greater than that due to
lahoratory analysis. For example, laboratory sample-
sample precision is commonly of the order of less than
1%, whereas soil sample-sample precision is commonly
between 30% to40%. Sampling variation is influenced
by the homogeneity of material being sampled, the
number of samples, collection procedures, and the size
of individunal samples.

Uncertainty in sampling measurements is additive.
Exhibit 21 lists the components of sampling variability
and measuarement error. The final error associated with
an cstimate is the sum of the errors. associated with
natural variation {(intrinsic randomness, microstruciure,
macrostructure), plus sampling error, plus laboratory

Stailstical sampling designs may be costly
and do not 1ake advantage of known areas
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{ Use judgmentat sampling o examine
known contaminated areas, then use
an unbiased method {o characterize

2xpasuie.

002020

measurement error.  Poor sampling techniques can
swamy: the natural phenomenon that is being evaluated.
Therefore, sampling options must be fully reviewed and
the probable uncertainty from sampling must be
acceptable, '

Initial survey sampling plan. A preliminary sampling
plan shouldbe chosen that provides a basis forevaluation
of overall sampling goals, sampling techniques,
feasibility, and statistical analysis techniques, General
categories of sampling plans include simple random,
stratified random, systematic, judgmental/purposive,
and spatial systematic. The features of these different
plans are discussed in more detail in Chapter 4.

Statistical analysis of the survey data allows evaluation
ofhow well the sampling program is doing. Depending
on the contaminant, current technology may allow on-

_ 8ite “laboratory” analysis of the samples using portable

microcomputers and telecommunications. On-site
statistical analysis is also possible. On-site analysis
reduces project completion time and costs. In a truly



EXHIBIT 21. SAMPLING
VARIABILITY AND
MEASUREMENT ERROR

" Sampling varjability: The variation
betwsan true sample values thatis a
function of the spatial variation in the
pollutant concentrations.

Measurement error; The variation
resulting from ditferencas between
true sample values and reported
values. Measurement erroris a
function of uncertainty due to the

- following:

* Sample collsction variation

* Sample preparationhandling/
presevation/storage variation

* Analytical variation

* Data processing variation
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iterative sampling campaign, on-site statistical analysis
can guide the sampling teams, maximizing information
capture and minimizing time-related costs.

Analytical issues. The following assumptions
concerning analytical procedures have been made in
this section:

» The RPM and the risk assessor are familiar with
standard analytical chemical procedures.
Reference books on environmental issues in
analytical chemistry are available and can be
consulted (ASTM 1979, Manahan 1975, Dragun
1988, Baudo, et. gl eds. 1990, Taylor 1987).

+ Chemists are available and will be consulted for
any significant problems or situations not covered
in this guidance.

» Analytical QA procedures are used in conjunction
with and affect sampling QA procedures, even
though the discussion treats these procedures
separately. '

Exhibit 22 simmarizes the importance of each analytical
issue to risk assessment, lists suggested actions during
the planning process, and refers the reader to further
discussion in the text, Each issue is discussed in terms
of its effect on data quality for risk assessment, and how
to anticipate and plan for potential problems. The RPM
should also consult the project chemist to determine the
appropriate sample volumes or weights required for
different types of analysis.

Biota sampling and analytical issues. The type of
assessment (e.g., human health orecological) determines
the type of samples to be collected. An ecological
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assessmentmay require analysis of the whole body orof
a specific organ system of a target species (because
organic, and some inorganic, chemicals of concern are
often concentrated in tissnes with high lipid contents).
Human health risk assessment usvally concentrates on
edible portions.

Typical sampling considerations for biota include
specifying the species to be sampled, sampling locations,
tissue to be analyzed, number of individuals to be
sampled, and the method of analysis of the chemical of
concern. Biota analyses should include a method
validation that incorporates tissues or plant analyte
spikes, and any available performance evaluation
materials, The purpose of spiking is to determine
whether the analytes are recoverable from the matrix or
clean-up steps hinder detection of the analyte,

Spiking and duplicate information ¢an be used to assess
method precision and accuracy. The primary source of
performance evaluation materials is the National Burzan
of Standards repository. Samples and performance
evaluation materials should be matched by matrix
(species and whole/edible portions).

Volatile analytes are very difficult to measure in biota.
Samples should be stored on dry ice immediately after
collection. Fatand cholestero] can also block columns
and impede chromatography for base/neutral/acid
extractable tissue analysis. Gel permeation
chromatography procedures may only be marginally
effective in clean up, and the lipids present may retain
analytes of concern, thereby reducing recoveries. Plant

- matrices are often difficult to digest, and a variety of

digestion procedures using hydrogen peroxide or
phosphoric acid may be warranted, Tissues for organic
analysis should be wrapped in aluminum foil for
shipment to the laboratory, and tissues formetals analysis
should be wrapped in plastic film. Alltissues should be
sent frozen on dry ice.

Air sampling and analysis issues, Air sampling
procedures should account for wind speed and direction
as well as seasonal and daily fluctuations; they should
also account for the influence of these factors on the
exposed population (e.g., the largest population may be
potentially exposed in the evening when the wind speed
may be least). The definition of detection limits is very
important for aix analyses. For example, the same
concentration will appear very different if expressed on
a weight/volume basis than on a volume/volume basis,

. Sampling strategies may need to distinguish between

particulate and gaseous forms of chemicals of concem.
It is important to collect media blanks to determine the
type and amount of contamination that may be found,
Blanks should also be provided to the laboratory for
spiking to determine analytical precision and accuracy.



EXHIBIT 22.

IMPORTANCE OF ANALYTICAL. ISSUES |
IN RISK ASSESSMENT

Analytical Issue

Importance

Suggested Action

Chemicals of
- Potential Concem
(3.2.1)

Chemicals of potential
toxicological significance may be
omitted.

Examine existing data and site history
for industry-specific wastes to
determine analytes for measurement.
Perform bread spectrum analysis.

Tentatively Identified
Compounds
(3.2.2)

Identification and quantitation do
not have high confidence.

Be prepared to request further
analyses if potentially toxic
compounds are discovered during
screening. Compare results from
multiple samplings or historical data.

Identification and
Quantitation
(3.2.3)

False negatives may occur when
analytes are present near the
MODL.

Use technique with definitive
identification (e.g., GC-MS).
Alternatively, use technique with
definitive identification first, followad
by another technique {e.g., GC) to
achieve lower quantitation mits.

Detection Limits

Significant risk may result at

Review available methods for

measuraments.

(3.2.4} concentrations lower than appropriate detection limit.
measurable,

Media Variability Variability and bias may be Use environmeantal samples as QC

{3.2.5) introduced to anaiylical samples to determine recovery and

reproducibility in the sample media.

Sample Preparation

Variability and bias may be

Select analytical methods based on

identification, quantitation and
- detection Emits.

{3.2.8) intreduced to analytical sample medium and strengths of the
_ : measurements, sample preparation technique.

Field Analyses varsus Tradeoffs required with regard to Consider options and set priorities.

Fixed Laboratory Analyses speed, precision, accuracy,

(3.2.9) personnel requirements,

Laboratory Performance
Problems
(3.2.10)

Quality of data may be
compromised.

Select experienced laboratory and
maintain communication.

The sﬁmple medium should be checked to ensure that
recovery rates are documentead.

3.2.1 Chemicals of Potential Concern

Chemicals of potential concern are chemicals that may
be hazardous to human health or the environment and
are identified at the site, initially from historical sources.
Chemicals identified at Superfund sites have varying
rates of occurrence, average concentrations, and
coefficients of variation. These differencesare afunction
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of fate and transport properties, occurrence in different
media, and interactions with other chemicals, in addition
touse and disposal practices. Information on frequency
of occurrence and coefficient of variation determines
the number of samples required to adequately
characterize exposure pathways and is essential in
designing sampling plans. Low frequencies of
occurrence and high coefficients of variation mean that
more samples will be required to characterize the
exposure pathways of interest. Potential false negatives



occur as variability increases and occurrence rates
decrease. From an ecological standpoint, chemicals of
potential concernmay be different from those for human
health concerns, For example, copper is an analyte of
high concern from an ecological perspective, but of low
concem from a human health perspective, In addition,
if water quality criteria are used as toxicological
thresholds, it should be determined whether the criteria
are based on ecological or human health effects.

w To protect hurman health, place a higher
priority on preventing false negatives in
sampling and analysis than on preventing
false positives.

Data are available for volatiles, extractable organics,
pesticides/PCBs, tentatively identified organic
compounds, and metals (see Appendix II}, for aqueous
and soil/sediment matrices, and releases from industrics
known to produce waste commonly found at Superfund
sites. Data from CLP Superfund sites are also available
for calculating site-specific coefficients of variation.
Exhibit 23 indicates the occurrenceratesand coefficients
of variation for selected chemicals of potential concern
to risk assessors. Many other chemicals (which are not
of concem) may be present without affecting the tevel
of risk to the exposed population.

w Uise preliminary datatoidentify chemicals
of potential concern and to determine any
need to modify the sampling or analytical
design.

The need for risk assessment indicates that there is
already some knowledge of contamination at the site.
Based on available toxicological and site data, the risk
assessor can recommend target chemicals (or chemical
classes) for analysis and desired detection limits. For
example, explosive chemicals are likely to be presentat
a former munitions site. Exhibit 24 presents data on
munitions compounds, such as feasible detection limits
and health advisory limits,

Information onindustry-specific analytesis summarized
in Exhibit 25 and detailed in Appendix II, If historical
data are incomplete, a broad spectram analysis should
be performed on selected samples from each sampling
location to provide necessary scoping information.

The RPM or risk assessor should inform the planning
team about chemicals of potential concemn at the site,
exposurc pathways, if known, concentrations of concern,
and other pertinent information, particularly any
requirement to distinguish specific states of the chemicals
of potential concern. Some oxidation states of metals
(e.g., chrominm) are more easily absorbed or are more
toxic than others, and organically substituted metals
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such as mercury are more toxic than their elemental
states. If these concerns are important, analyses that
determine metal specification rather than elemental
analyses should be performed, if available. Similarly,
for organic compounds, such as tetrachloroethane,
degradation products or metabolites may be more toxic
than the parent compounds. In this case, sampling
procedures and analytical methods should include the
parentcompound, degradation products, and metabolites
of chemicals of potential concern.

3.2.2 Tentatively Identified
Compounds

Gas chromatography-mass spectrometry (GC-MS)
analyses categorize organic compounds in two ways.
Target compounds are those compounds for which the
GC-MS instrument has been specifically calibrated
using authentic chemical standards. A targetcompound
in anenvironmental sample is identified by matching its
mass spectrm and relative retention time (RRT) 1o
those obtained for the authentic standard during
calibration. Quantitation of a target compound is
achieved by comparison of its chromatographic peak
area to thatof an intemal standard compound, normalized
to the relative response factor (RRF) which is the ratio
of the peak areas of the authentic chemical standard and
the internal standard measured during calibration.

w Specific analysis for compounds ident-
ified during library search can be requested.

Tentatively Identified Compounds (TICs) are any other
compounds which are reported in the sample analysis,
butfor which the GC-MS instrument was not specifically
calibrated. A TIC is identified by taking its mass
spectrum from the environmental sample, and comparing
it to a computerized library of mass spectra.
Computerized comparison routines score the various
libraty spectra for their similarity to the TIC and rank
the spectra most similar to the TIC's spectrum. If the
TIC is reported as a specific compound, it is usually

“reported to be one of the compounds whose spectra

were retrieved in the library search. Quantitation of a
TIC is less accurate than for target compounds, because
the true RRF is not known (since no calibration for this
specificcompound was performed). TheRRF is assumed
to be 1.0; whereas, measured RRFs below 0.05 and
above 10.0 are known.

Confidence in the identification of a TIC can be increased
in several ways. The main steps in identifying and
quantitating TIC data are summarized in Exhibit 26.
An analytical chemist trained in the interpretation of
mass spectra and chromatograms can review TIC data



EXHIBIT 23. MEDIAN COEFFICIENT OF VABIATIQN FOR
CHEMICALS OF POTENTIAL CONCERN

: : Nurnber of Sites MNumber of Sites
Chemical of Soll/Sediment at Which Chernical Water at Which Chemical
Fotential Concern Median 2%CV2 was detected3 Median %Cv2 was detected3

Chloromethane . . 167 : 61 500 134
Ttichloromethane/Chlorsform 53.9 2 452 519
Tetrachloromethane/Carbon tetrachloride 15.4 a8 9.3 80
1,2-Dichleroethans 17.6 64 24.7 158
Telrachlorosthane 170 56 174 101
Vinyl chloride : 11.0 85 15.7 197
Telrachloroethene 245 392 333 367
Dichloropropane 19.0 29 13.3 79
Isophorane 07 o 74 - 184 72
Bis {2-chloroethyl) ether 0.5 10 2041 34
1,4-Dichlorsbanzene 09 120 7.3 119
Bis (2-ethylhexyl) phihatate a7 1187 295 782
Benzo{a) pyrene . : 0.5 1058 10.8 76
Styrene 16.9 117 333 69
N-nitrosodiphenylamine 05 142 305 _ 98
DDE 4.5 329 813.0 40
DOT 29 521 ~ bBa.2 125
Dielcrin 44 274 3.3 101
Heptachlor 48 249 351.9 151
Gamma-BHC (lindane) 6.3 142 454.1 134
PCB1260 0.21 251 N7 23
Arsenic 403 1088 58.0 940
Beryliium 27113 1081 - 1000 931
Cadmium 134.6 1086 337 845
Chrarmium 119 1098 230 848
Mercury 1032.3 1098 500.0 844
Lead (Fb) 16.9 1098 g7.3 938

1 List of chemicals of patential concern is derived from health-based levels and frequency of oecurence at Superfund

sites listed in the CLP Stalistical Database. (Number of siles for which data exist folals 8,900} -

2 Median percent cosfficiant of variation of analyte concentrations.
3 November 1688 1o presant,

2 -Ci2-023
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EXHIBIT 24. MUNITIONS COMPOUNDS AND THEIR

DETECTION LIMITS

Health

Detection Limit 2

Advisory  Acronym Compound Name {ppb)
* HMX Octahydro-1,3,5,7-tetranitro-1,3,5,7-tetrazocine 5.1
* RDX Hexahydro-1,3,5-trinitro-1,3,5-triazine 4.2

- Nitrobenzene 6.4
TNB 1,3,5- Trinitrobenzene ' 59
> DNB 1,3-Dinitrobenzene ' 9.1
Tetryl Methyl-2 4, 6-trinitrophenylnitramine 4.4
* TNT - 2,4 6-Trinitrotoluene 6.3
= 2,4 DNT 2,4-Dinitrotoluene 2.3
TAX Hexahydro-1-{N)-acetyl-3,5-dinitro-1,3,5-triazine
SEX Octahydro-1-(N})-acetyl-3,5,7-trinitro-1,3,5,7-tetrazocine
- 2,6 DNT 2,6-Dinitrotoluene . 5.1
¥ 2,45 TNT 2,4 ,5- Trinitrotoluene
2 Am DNT 2-Aminc-4,6-dinitrotoluene
4 Am DNT 4-Amino-2 6-dinitrotoluene
2,4 DAmNT 2.4-Diamino-8-nitrotoluene
2,6 DAMNT 2,6-Diamino-4-nitrotoluene
* - DIMP Disopropyl-methylphosphonate
* TNG Gylcerol trinitrate (Nitroglycerin)
* - Nitrocellulose
** DMMP Dimethyl methylphosphonate
** NG | Nitroguanadine

*  Health advisory complete.
**  Health advisory in preparation {1990}.

‘_I Depending upon matrix and instrument conditions, these compounds may be chromatographable
and may be tentatively identified as indicators of the presence of munitions during GC-MS library
search procedures. o

2 Detection limits are provided where available. Specific compounds with complete health advisories
are designated as iarget analytes with defined detection limits specified in a high performance liquid
chromatographic method developed and provided by the U.8. Army Toxic and Hazardous
Materials. Agency. '

21-002-024
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EXHIBIT 25. SUMMARY OF MOST FREQUENTLY OCCURRING
CHEMICALS OF POTENTIAL CONCERN BY INDUSTRY* -

industry

Compound |1 2 3 { 4 5 6 7
Acetone . : X '
Aluminum. o X
‘| Ammonia X X ) X X X
Ammaonium Nitrata X )

Ammornium Sulfaie X ' . X

Anthiacene X

Arsenie X
Benzene . X
Biphenyl X
Chlorine _ X '
Chiorobenzane X
Chromium X X X
Copper o X
Cyclehexane X
Dibenzofuran X

Dichloromethane X X
Formaldehyde X
Freon ) XL
Glycol Ethars : x
Hydrochloric Acid X | x e
lead . X
Manganese
Methanel ' X X
Methyl Ethyl Ketone X : X X
Naphthalena X
Nicksl X
Nitrie Acid X X
Pentachlorophenoi X X

Propylena
Sodium Suffate
Sodium Hydroxide
Sulfuric Acid
Trichloroethene
Tolugne X X X
Titanium Tetrachloride X _
Xylena X 1 [ x| x
1,1,1-richlaroethane X X

I 2] e
>
-~
L | W]
>
Ml

KEY . 4= Electroplating

1 = Battery Recycling 5= Wood Presarvatives
2 = Munitions/Explosives &= Leather Tanning

3 = Peslicida Manufaciuring 7 = Patrolaum Refining

| *summarized from Appendix .,

21-e02s



EXHIBIT 26. STEPS IN THE -
ASSESSMENT OF TENTATIVELY
IDENTIFIED COMPOUNDS

GC-MS analysis indicates the
presence of a tanlatively
identified compound.

Identification

*  Incorporate retention
time/retention index matchlng
and use physical
characteristics. (beiling point
of vapor pressure) to
determine If identification is
reasonable.

«  Examine historical data and
industry-specific compound
lists.

*  Reanalyze sample with an
authentic standard.
Quantitation +  Assess known analytical
response characteristics for,
similar compounds or simitar
compound classes.

s  Determine response _
characteristics by analysis of
an aythentic standard.

21-002-026

mass specira and chromatograms can review TIC data

and eliminate many false positive identifications. The
use of retention indices or relative retention times can
confirm TICs identified by the GC-MS computer (Eckel, -

¢t al. 1989). Examination of historical data, industry- -
specific compoundlists, compoundidentifications from -
iterative sampling episodes, and analyses performedby

different laboratories may also increase confidence in
the identification of a TIC. The final identification step

is to reanalyze the sample after calibrating the GC-MS

instrument with an authentic standard of the compound
that the TIC is believed to be,

Iftoxiccompounds are identified as TICs by this type of
proad spectrum analysis, the. RPM or risk assessor
shouldrequest further analyses topositivelyidentify the
compound and to accurately quantitate it. The risk
assessor or RPM should discuss-data requirements with
an analytical chemist to determine the appropriate
analytical method.

Many compounds that appear as TICs during broad
spectrum analyses belong to compound classes.
Examples of compound classes are saturated aliphatic

hydrocarbons and polycyclic aromatic hydrocarbons ...
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| Identification

(PAHs), The risk assessor may be able to make a

preliminary judgment of toxicity at the compound class
level without a definitive identification of each
compound present. For example, in a sample
contaminated by gasoline, organics analysis would
indicate a series of TICs as aliphatic hydrocarbons of

“increasing size. These may not be carcinogenic, and

more precise identification may not be requited, If a
similar sample were contaminated with coal tar, larger
hydrocarbons and a series of PAHs would be found
during the analysis. The aliphatic hydrocarbons are not
especially toxic, but the PAH compound class contains
carcinogens and are of greater congern,

'3.2.3_ , Identification and Quantitation

A risk assessor first confirms chemical identification,
and then determines the level of contamination, This
section summarizes the effects of detection lmits and
sample contamination considerations on the confidence
in analyte identification and quantitation. Requirements
for confidence are specified in Exhibit 27. When
analytes have concentrations of concern approaching
method detection: limits, the confidence in both
identification and quantitation is low. This case is
iltustrated in Exhibit 28. In addition, confidence in
identifying and quantitating as representative of site

_EXHIBIT 27. REQUIREMENTS FOR
CONFIDENT IDENTIFICATION AND
QUANTITATION '

Analyte present above the IDL.

. Orgahlc -- Retention time and/or
mass spectra matches authentic
standards.

. Inorganic — Spectral absorptions
compared to authentic
standa_rds. :

*  Knowledge of blank
contamination (if any).

instrument response known
from analysis of an authentic
standard,

Quanfitation =

« Detacted concentration above
the limit of quantitation and
within the limit of linearity
(instrument response not
saturated).




EXHIBIT 28. RELATIVE IMPACTS OF DETECTION LIMIT
AND CONCENTRATION OF CONCERN: DATA PLANNING

conditions is potentially diminished if the chemicals of
potential concem are present as contaminants from
laboratory or field procedures. This section identifies

-analytes and cites situations in which this is most likely
o occur. '

The first requirement of analysis is confidence in the
identification of chemicals of potential concern.
Identification means that the chemical was present in
the environmental sample above the detection limit,
Chemicals can be correctly identified at lower
concentrations than are suitable for acenrate quantitation,
If lower quantitation limits are required for risk
assessmend purposes, a larger initial sample size may be
processed, or the sample exiract may be concentrated (¢
a smaller final volume. However, concentration of an
extract to a smaller volume, or increasing the sample
size, may saturate the instrument in the presence of
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Relative Position of Method
Detection Limit (MDL) and
Concentration of Concern (COC) Consequence
]
Confidence  MDL COC Conlidence
Limits & TSRy timits
\ Non-Detects and
Detects Useable
Concentration
MDL COG
Possibility of
False Positives and
False Negatives
3 -

Concentration
v CL_.) Non-Detects Not
u? Useable
]
:/ Detects Useable
k
; A Possibility of False

Concentration Negatives

2-p02028

matrix interferences. The RPM should discuss these
issues with an analytical chemist to determine the best
approach. A further discussion of limits of quantitation
is presented in Section 3.2.4. and Appendix III.

To ensure maximum confidence in the identification of
an organic chemical contaminant, an instrumental
technique, such as mass spectrometry, that provides
definitive results is necessary. Although aliernative
techniques are available, GC-MS determination is the
best available procedure for confident identification or
confirmation of volatile and extractable organic
chemicals of potential concern, The application of this
technique minimizes the risk of error in qualitative
identification and measures chemicals of potential
concern at environmental levels above the detection or
quantitation limits listed in Appendix III. In cases
where the target detection limit is too Iow to allow



but more definitive, instrumental techniques can be
used. :

Theidentification of inorganicchemicalsismore certain,
A reported concentration determined by atomic
absorption {AA) spectroscopy or inductively coupled
plasma (ICP) atomicemission spectroscopy is generally
considered evidence of presence at the designated level
reported, provided there is no interference. If
interferences exist, the laboratory should try to
characterize the type of interferences (background,
spectral or chemical) and take the necessary steps to
correct them,

3.2.4 Detection and Quantitation
Limits and Range of Linearity

The following discussion is intended to provide the
RPM and risk assessor with an understanding of the
various ways that detection or quantitation limits can be
reported. The term “detection limit” is frequently used
without qualification. However, there are several
methods for calculating detection limits. The RPM
should consnlt with the project chemist and the risk
assessor whenever analytical methods are tobe selected,

Comnon Detection and Quantitation Limits

Instrument detectionlimit. The IDL includes
only the instrument portion of detection, not
sample preparation, concentration/dilution
factors, or method-specific parameters.

Method detection Emit. The MDL is the
minimum amount of an analyle that can be
routinely identified using a specific method.
The MDL can be calculated from the IDL by
uging sample size and concentration factors
and assuming 100% avalyte recovery,

Sample quantitation limit. The SOL is the
MDL adjusted toreflect sample-specificaction
such as dilution or use of a smaller sample
aliquot for analysis due to matrix effects or the
‘high concentration of some analytes.

Contract required quantitation (detection)
limit. The CRQL for organics and CRDL for
inorganics are related to the SQL that has been
shown through laboratory validation to be the
lower limit for confident quantitation and tobe
rontinely within the defined linear ranges of
the required calibration procedures.

Practical quantitation limit. The PQL,
defined in SW846 methods, is the lowestlevel
that can be reliably achieved within specified
limits of precision and accuracy during rontine
laboratory operating conditions,

47

and specify the nature of the detection limits that must
bereported; itis the laboratory” sresponsibility toadhere
tothisrequitement. If norequirementhas been specified,
then the laboratory should be requested to explicitly
describe the types of the detection limits it reports.
Detection limits can be calculated for the instrument
used for measurement, for the analytical method, or as
a sample-specific quantitation limit, The risk assessor
shonld request that the sample guantitation limit (SQL)
be reported whenever possible. The term "detection
limit" should be considered generic unless the specific
type is defined. Exhibit 29 illustrates the relationship
between instrument response and the quantity of analyte
presented to the analyiical system (ie., a calibration
curve).

w The closer the concentration of concern
is to the detection limnit, the greater the
possibility of false negatives and false
positives.

w  The wide range of chemical concen-
trations in the environment may require
multiple analyses or dilutions to obtain
useable data. Request results from all
analyses.

The definitions that follow are intended to provide the
RPM and risk assessor with an understanding of the
various methods for calcutating detection limits, the
terms used to describe specific detection limits, and the
limitations associated with identification and
quantitation of chemicals of potential concern at

concentrations near specified detection limits.

Understanding the different terms used to describe
detection limits helps avoid reporting problems. Exhibit
30 provides examples of calculations of the three most
commonly reported types of detection limits.

w  [Define the type of detection or quanti-
tation limit for reporting purposes; request
the sample quantitation limit for risk
assessment.

Instrument detection limit. The instrument detection
limit (IDL) includes only the instrument portion of
detection, notsample preparation, concentration/dilution
factors, or method-specific parameters. The IDL is
operationally defined as three times the standard
deviation of seven replicate analyses at the lowest
concentration that is statistically different from a blank.
Thisrepresents 99% confidence that the signal identified
is the result of the presence of the analyte, not random
noise. The IDL is not the same as the method detection
limit. Use of the IDL should be avoided for risk
assessment,

Method detection limit. The method detection limit



EXHIBIT 29. THE RELATIONSHIP OF INSTRUMENT
CALIBHATION CURVE AND ANALYTE DETECTION

Region of

. Quantitation

’; Regicn /
/ of Les_s
ﬁo Centain /

Lantitation:

i

instrument Respbnse

Unknown [dentification aﬁd

&\\\\\\\\\\\\\\\\\“

ey

Regicn of Known

Quantitation

Region of
Less Certain
Quanditation

KEY
IDL = Instrument Detection Limit
MDL = Method Detection Limit
LOQ = Limit of Quantitation
LOL = Limit of Linearity

Method detection limit. The method detection limit
. (MDL) is the minimum amount of an analyte that can be
routinely identified using a specific method. The MDL
can be calculated from the IDL, by using sampie size and
concentration factors and assuming 100% analyte
recovery. Thisestimate of detection limitmay be biased
low because recovery is frequently less than 100%.
MDLs are operationally determined as three times the
standard deviation of seven replicate spiked samples
nn according to the complete method. Since this
estimate includes sainple preparation effects, the
procedure is more accnrate than reported IDLs.
However, the evaluation is routinely completed on
reagentwaier. Asaresuls, potentially significantmatrix
interferences that decrease analyte recoveries are not
addressed. :

[ -
LOL -

~Conceniration

1oz

The impact of an MDL on risk assessment is illustrated
in Exhibit28. When planning to obtain analytical data,
the risk assessor knows the concentration of concern or
preliminary remediation goal. When the concentration
of concern of an analyte is greater than the MDL, to the
extent that the confidence limits of both the MDL and,
concentration of concern do not overlap,. then both
“non-detect” and “detect” results can be used with
confidence. There will be a possibility of false positives
and false negatives if the confidence limits of the MDL
and concentration of concern overlap. - When the
concentration of concern is sufficiently less than the
MDL that the confidence limits do not overlap, then
there is a strong possibility of false negatives and only
“detect” results are useable,
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'EXHIBIT 30. EXAMPLE OF DETECTION LIMIT CALCULATION

IDL = 3 x SD* of replicate injections

. _Example.

if:  SD=18ppb

Then:

lncorporate calculation of MDL from IDL

SQL = MDL corracted for sample parameters

Example:
it SD=5pph
Then: IDL-3x5p'pb=15 ppb

-MDL =3x 18 ppb = 54 ppb

100 ppb pentachlorophenol standard

MDL=3 x SD of replicate analyses (extraction and mjectwn)

100 ppb pentachlorophenol spiked in sample producing average measured
concentration of 50 ppb (not alt analyte is recovered or measured)

100 ppb pentachlorophenol with MDL of 57 ppb

Examp!e:
' 1 Dilution factor = 10 {sample is difuted due to malrix interference or high
concentrations of other analytes)
- Then: SQL = 10 x 57 ppb = 570 ppb

"sD= Standard Dewatlon

Sample quantitation lmit.
adjustedtoreflectsample-specificaction such asdilution
or use of smaller aliquot sizes than prescribed in the
method. These adjustmenis may be dué to matrix
effects or the high concentration of some analytes. The
SQL is the most useful limit for the risk assessor and
should always be requesied.

For the same chemical, the SQL in one sample may be
- higher than, lower than, orequal 10 SQL values for other
samples. In addition, preparation or analytical
adjustments, such as dilution of the sample for
guantitation of an extremely high level of one chemical,
could result in non-detects for other chemicals included
in the analysis, even though these chemicals may have
been present at trace quantities in the undiluted sample,
The risk assessor should request results of both original
and dilution analyses in this case, Since the reported
SQLs take into account sample characteristics, sample
preparation, and analytical adjustments, they are the
most relevant quantitation limits for evaluating non-
detected chemicals. :

Contract required quantitation (detection) limit.
The CLP specifies a contract required quantitation limit

The SQL is the MDL,
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{CRQL) for organics and a contract required detection
limit(CRDL) for inorganics. Each of these quantities is
related to the SQL thathasbeen shown through laboratory

“validation to be the lower limit for confident quantitation

and to be routinely within the defined linear ranges of
the required calibration procedures.

The use of CRQLs and CRDLs attempts tomaintain the
analytical requirements within performance limits
(which are based upon laboratory variability using a
variety of instrnments). CRQLs aretypically two tofive
times thereported MDLs and they gcnerally oorrespond :
to the limit of quantitation. :

Practical quantitationlimit. Thepracﬂca.lquanutauon
limit (PQL), defined in SW846 methods, is the lowest
level that can be reliably achieved within specified
Timits of precision and accuracy during routine laboratory
operating conditions. It is important to note that the
SQL and PQL. are not equivalent. Use of PQL valuesas
measures of quantitation limits should be avoided
wherever possible in risk assessment, |

Other quantitation measurements.. The limit of
quantitation (LOQ)s thelevelabove which quantitative



resulis may be obtained with a specified degree of
confidence. At analyte concentrations close to, but
above the MDL, the uncertainty in quantitation is
relatively high. Although the presence of the analyte is
accepted at 99% confidence, the reported quantity may
be in the range of X30%. Ten times the standard
deviation measured for instrument detection is
‘recommended todemonstrate a level atwhich confidence
is maximized (Borgman 1988).

The limit of linearity (LOL) is the point at or above the
upper end of the calibration curve at which the
relationship between the quantity present and the
instrument response ceases to be linear (Taylor 1987),

Tnstrument response usually decreases at the LOL, and

the concentration reported is less than the amount
actually present in the sample because of instrument
saturation. Dilution is necessary to analyze samples in
which analyte concentrations are above the LOQ.
However, dilutions correspondingly increase SQLs,
Datashoald be requested from both diluted and undituted
analyses,

3.25 Sampling and Analytical
Variability Versus
Measurement Error

Sampling and analytical variability and measurement
eITOr are two key concepts in data collection. Each is
discussed in the context of evaluating strategies for the
collection and analysis of both site and background
sarnples.

Exhibit21 defines sampling variability and measurement
error. Most S APg are angcessary compromise between
cost and confidence Ievel. Basically, two types of
decisions must be made in planning:

+ What statistical performance is necessary to

produce the quality of data appropriate to meet the.

-risk assessor’s sampling variability performance
objectives and

+ What types and numbers of QC samples are
required to detect and estimate measurement error.

= When contaminant levels in a medium
vary widely, increasethe number of samples
or stratify the medium to reduce variability.

Sampling plans attempt to estimate and minimize both
sampling variability and measurementerror. Sampling
variability affects the degree of confidence and power
the risk assessor canexpectfrom theresults, Confidence
is the ability to detect a false positive hypothesis, and
power is the ability to detect a false negative. Power is

more important for risk assessment. An estimate of the
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sampling variability that is a function of the spatial
variation in the concentrations of chemicals of potential
concem is obtained by calculating the coefficient of
variation for each chemical. When the coefficient of
variation is less than 20% and a substantial quantity of
data are available, the effect of spatial and temporal
variation on concentrations of chemicals of potential
concern is minimal, and the power and certainty of
statistical tests is high (EPA 1989c¢),

Spatial variability can be analyzed afier an initial
sampling effort throngh simple statistical summation or
through the use of variogram analysis, a part of the
geostatistics. EPA has developed software 1o assist a
risk assessor in this analysis: Geostatistical
Environmental Assessment Software (GEOEAS)(EPA
1988c) and Geostatistics for Waste Management
{(GEOPACK) (EPA 1990b) .

Measurement error is estimated using the results of QC
samples and represents the difference between the true
sample value and the reported value, This difference
hasfivebasic sources: the contaminantbeingmeasured,
sample collection procedures, sample handling
procedures, analytical procedures, and data production
procedures. Measurement error due to analytical
procedures is discussed in Section 3.2 under analytical
issucs. Measurement error due to sampling is estimated
by examining the precision of results from field
duplicates. The minimum recommended number of
field duplicates is 1 for every 20 environmental samples
(5%). A minimum of one set of duplicates should be
taken per medium sampled unless many strata are
involved; five sets are recommended. Exhibit 31
snmmarizes the types and uses of QC samples mdeﬁmng
variation and bias in measurement, :

w Sampling variability typicallycontributes
much more to total error than analytical
variability.

In summarizing the discussion of sampling variability
and measurementerror, one finding puts the concepts in
perspective: “An analysis of the components of total
error from soils data from an NPL site sampled for PCBs
indicated that 92% of the total variation came from the
location of the sample and 8% from the measurement
process” {(EPA 1989f), Of the 8%, less than 1% could
be attributed to the analytical process. The rest of the
8% isattributable to sample collection, sample handling,
data processing and pollutant characteristics. Sampling
variability is often three to four times that introduced by
measurement error. Exceptions to this observation on
the components of variation or sources of error occur in.
instances of poor method performance for specific
analytes. '



EXHIBIT 31. MEASUREMENT OF VARIATION AND BIAS
USING FIELD QUALITY CONTROL SAMPLES

Quallty Control
Sample Types

Varlation or Bias Measured

Field duplicate

Field blank

Field rinsate

Trip blank

Provides tata requirad to estimate the sum of
subsampling and analytical variances.

Provides data required to estimate the bias due to
contamination intreduced during field sampling or
cleaning procedures. Also measures contamination at
laboratory. Compare with laboratery mathod btank

to determine source of centamination.

Provides data required to estimate the sum of the bias

caused by contamination at the time of sampling from

sampling equipment and by analysis and data handling.

Indicates cross-contamination and potential contamination
- due to sampling devices.

Provides data required to estimate the bias due to
contamination from migration of volatile organics into the
sample during sample shipping from the field and sample
storage at the laboratory.

Source; EPA 1990¢,

Media or matrix variability. Appropriate samples
must be collected from each medium of concern and, for
heterogeneous media, from designated strata.
Stratification reduces variability in results from
individual strata, which canbe different layers or surface
areas. Media to be sampled should include those
currently uncontaminated but of concern, as well as
those currently contaminated. For media of a
heterogeneous nature (e.g., soil, surface water, or
hazardous waste), strata should be established and

- samples specified by stratum to reduce variability, the
coefficient of variation and the required number of
samples.

Sampling considerations vary according to media. The
sampling concern may involve contaminantoccurrence,
temporal variation, spatial variation, sample collection,
or sample preservation. Exhibit 32 indicates potential
sampling problem areas for each medium. Problem
areas are classified relative to other media. RPMs can
use this exhibit to plan for possible sampling problems
inthe data collection design. Sampling designs mustbe
structured to identify and characterize hot spots.
Information needed for fate and wansport modeling
should be obtained during a site sampling investigation,
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This information also differs by the medinm of concern
(EPA 1989a).

The type of medium in which a chemical is present
affects the potential sensitivity, precision, and accuracy
of the measurement, Sharpdistinctions occurin applying
asingle method to media such as water, oil, sludge, soil,
or tissue. Medium or matrix problems are indicated by
the presence of analytical interferences, poor recovery
of analytes from the matrix, physical problems such as
viscosity (flow parameters), and particulate content that
affect sample processing. Exhibit33 shows the sources
of uncertainty across media. Spiked environmental
samplesmonitor the effect of these sources of uncertainty
on the accuracy of recovery of target compounds from
ihe matrix. Duplicates quantify the effect of these

- parametets on precision. The method must be chosen

carefully if a difficult medium such as oily waste or soil
is to be analyzed. Rontine methods usnally specify the
medium or media for which they are applicable. -

Method detection and general confidence in analytical
determinations are also often affected by specificmedia
types and by analytical interference. The impact of
matrix interference on detection limits, identification,



EXHIBIT 32 SAMPLING ISSUES AFFECTING CONFIDENCE

IN ANALYTICAL RESULTS

Major Problem Likelthood by Medium
Sampling Ground Surface Hazardous
Issues Soll Water Water Alr Biota Waste
Contaminant W ¥ ¥ ¥y
Migration
Tempoal Ny +
Vartation
Spatial o W ¥y ¥ Y W
Vatlation
Topographic/ W +
Geological
Properties
Hot Spots o W ¥
Sample ¥ e ¥ ¥
Collection .
Sample W ¥ W 21 N v
Prapatation/
Handling
Sample W Ny Y N
Storage
Sample W W W
Presarvation
Key: ¥ = Likely source of significant sampling problem.

V¥ = Potential sourcs of sampling problem,
Source: Madified from Keith 1930b.

and quantitation is illustrated by the following
discussions (which are not meanttobe comprehensive).

« Oil and hydrocarbons affecting GC-MS analyses,

« Phthalates and non-pesticide chlorinated
compounds that can interfere with pesticide
analyses, and’

« Iron spectral interference affecting ICP sample
- results.

Oil and hydrocarbons. The presence of appreciable
concentrations of oil and other hydrocarbons may
interfere with the extraction or concentration process.

Also, evenat low concentrations, oil ina sample usually
produces a large series of chromatographic peaks that
interfere with thedetection of other chemicalsof potential
concern during gas chromatography. Any chemicals of
potential concern that may elnte concurrently from the

52

21-02-032

GC column are obscured by the hydrocarbon response
and may not present a distinct spectrum. Also,
hydrocarbons that are present in significant quantity are
often identified as TICs, potentially adding a large
number of compounds for consideration by the risk
ASSESSOL.

During RI planning, the risk assessor should determine
if there is a potential for hydrocarbon contamination,
throughknowledge of historical site use and examination
of historical data, The laboratory can be instructed to
add cleanup protocols to the analysis, or to use a
supplemental analysis for which the hydrocarbons are
not interferences (e.g., electron capiure detection for
halogenated compounds).

Phthalates and non-pesticide chlorinated
compounds. Phthalates interfere with pesticide analyses
by providing a detector response similar to that for
chlorinated compounds. Phthalates and non-pesticide



EXHIBIT 33. SOURCES OF UNCERTAINTY THAT FREQUENTLY
AFFECT CONFIDENCE IN ANALYTICAL RESULTS

chlorinated compounds are often present in greater
concentrations than the pesticides of concern. Pesticide

data are often required at low detection limits and,
" therefore, GC-MS analyses arenotused forquantitation,
In these cases, a gas chromatographic analysis using
electron capture detection is more sensitive, providing
a wider usefid range of detection. The phthalates and
chlorinated compounds can coelute with chemicals of
potential concern, thereby obscuring the detection of
target analytes and raising the analyic-specific
guantitation limit. Phthalates and chlorinated
compounds also produce additional peaks on the
chromatogram that can be interpreted as false positive
responses to pesticides. A second analysis using a
different column provides anextrameasureof confidence
in identification. Alternatively, sample extracts from
positive analyses can be further concentrated for
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_ Degree of Significance by Medium
Source of Hazardous
Uncertainty Soil Water Air  Biota Waste
SAMPLING
Design W «J W N
Contamination N ¥ ¥
Collection | A W ¥
Preparation W
Storage W Ny
Preservation W
LABORATORY
Storage W W W
Preparation WH WH W W
Analysis W + ¥ W
Reporting ¥ W W
ANALYTE-SPECIFIC
Volatility W M M
Photodegradation ¥ ¥
Chemical Degradation W
Microbial Degradation ¥ W
Contamination W W
KEY:
W = Likely source of significant error or uncerainty,
¥ = Potentially souice of significant error or uncerainty.
WH = Magnitude of effect determined by examination of data.

confirmation by GC-MS if concentrations of analytes
are sufficient. '

Iron. Large quantities of iron in a sample affect the
detection and quantitation of other metallic elements
analyzed by ICP atomic emission spectroscopy at
wavelengths near the iron signals, The strong iron
response overlaps nearby signals, thereby obscuring the
resulis of potentially toxic elements present at much
lowerconcentrations. An interference check sample for
ICPanalyses monitors the effectof such elements, High
concentrations of iron are analyzed with low
concentrations of other metals in these samples 1o
indicate whether iron interfered with metal detection at
lower concentrations. If spectral nterferences are
observed, data may be qualified as overestimated. The
risk assessor or RPM should consult the project chemist
to determine if a particular method requires a
performance check.



3.2.6 Sample Preparation and
Sample Preservation

Some samples require preparation in the field to ensure
thattheresnlts of analyses reflect the true characteristics
of the sample. Sample filtration and compositing
procedures are discussed in this section. Exhibit 34
summarizes the issues which the various sample
preparation methods address. Exhibit 35 outlines the
primary information gained with the various sampling
technigues,

EXHIBIT 34, SAMPLE
PREPARATION ISSUES

lssue Actien I
Sample Preservation --- acids, biocides
Integrity (may be applicable o volatiles
or metals).
Source of Unfiltered samples -- measure
Analyte total analytes
Media

Filtered samples -- discriminate
sorbed and unsorbed analytes

Analyte Choice of sample preparation

. Speciation | protocols affects analyte

speciation

Large -| Composite samples

Number of {Howaever, this raises the
Samples to | effective detection limit in
he Analyzed [ proportion to the number of
samples composited.)
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Filtration. If the risk assessor needs to discriminate
between the amount of analyte present in trme sofution
in a sample and that amount sorbed to solid particles,
then the sample must be filtered and analyses should be
- performed for both filtered and unfiltered compounds.
Some samples, such as tap water, are never filtered
because thereisno particulate content, Filtration should
be performed in the field as soon as possible after the
sample has been taken and before any preservative has
been added to the sample. Filtration often does not
proceed smoothly, It is common practice only to filter
a smali proportion of all samples taken, and to perform
analyses for the total content of the analyte in the
majority of samples. Filtered samples generally provide
a good indicartion of the fraction of contaminant likely
t0 be transported-over large distances horizontally in a
plume. However, in the immediate vicinity of a source
or point of exposure, unfiltered samples may be valuable
in providing an indication of suspended material that
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EXHIBIT 35. INFORMATION
AVAILABLE FROM DIFFERENT
SAMPLING TECHNIQUES

Sample
Type

Filtered

Information

Can differentiate sorbed
and unsorbad analytes.

Unfiltered | Total amount of analyte
in sample is measured.
Grab Can be used to locate
hot spots.
Composite | Can provide average

concentrations over an
area at reduced cost.
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may act as a source or sink of dissolved contaminants
and may therefore modify overall transport.

Compositing, Reducing the number of samples by
compositing is also a form of sample preparation.
Compositing may be performed to reduce analytical
costs, or in sitmations where the risk assessor has
determined that an average value will best characterize
an exposure pathway. Compositing cannot be used to
identify hot spots, but can be effective when averaging
across the exposure area, Caution should be exercised
when compositing since low level detects can be
averaged out and become non-detects.

Preservation. Sample characteristics can be distrbed
by post-sampling biological activity or by irreversible
sorption of analytes of concern onto the walls of the
sample container. A variety of acids and biocides used
for preservation are discussed in standard works such as
Standard Methods for the Examination of Water and
Wastewater (Clesceri, et. al., eds. 1989), Samples are
alsounsualty shipped withice toreduce biological activity,
Preparation. Several factors in sample preparation
affect analytical data. These factors include sample
matrix, desired detection limit, extraction solvent,
extraction efficiency, sample preparation technique,
and whether the analysis is performed in the field or in
a fixed laboratory. In addition, parameters such as
turnaround time may preclude the use of some sample
preparation alternatives.

An extraction method must be able to release the
chemicals of concern from the sample matrix. For
example, organic solvents will extract non-polar organic
compounds from water. Polar and ionic compounds



(such as unsymmetrically halogen-substituted
compounds, phenols, and carboxylic acids) may require
additional techniques for exiraction from water. The
choice of solvent is also critical to the extraction
efficiency. Methanol would be expecied to extract a
Jarger quantity of volatile organic material from soils or
sediments than from water. For inorganic analyses, the
matrix may require additional acidification to dissolve
metal salts that have precipitated from the solution.

Sample preparation procedures for organic analytes are
applied based on volatility. Volatile organics are
analyzed using head-space or purge and trap techniques.
Extraction alternatives for the analysis of less volafile
(extractable) organic chemicals include separatory
funnels, Soxhletextraction apparatus, continuous liquid-
liquid extractors, and solid phase cartridges. Details of
these extraction options can be obtained from the project
chemist. Strengths and weaknesses of each of these
preparation procedures are described in Exhibit 36.

For inorganic anatyses, the sample matrix is usually
digested in concentrated acid. The released meials are
introduced into the instrument, then analyzed by flame
AA or ICP atomic emission spectrophotometry, The
selection of theacid for digestion influences the defection
limit because different acids have different digestion
abilities. '
« If digestion is not used, the sample measurement
corresponds to a determination of soluble metals
rather than total metals, If soluble metals have a
greater toxicological significance, this difference
may be important to the risk assessment.

+ Ifthe sampleis filiered in the field or thelaboratory
before digestion, any metals associated with
particulates are removed before amalysis. If
particulates are an exposure pathway in the risk
assessment, sample filteration wounld
underestimate risk.

" The analytical requestmust specify if the sample is to be
filtered and whether or not it is to be digested (1o
measure soluble metals). Unless otherwise specified,
samples are usually digested but not filtered.

3.2.7 Identification of Exposure
Pathways

Exposure pathways and their components, such as
source, mechanism of release, etc., should bedesignated
prior to the design of the sampling procedures, For the
risk assessment, at least one broad spectrurn analytical
sample is required and two or three are recommended
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for each medinm and potential spurce in an exposure
pathway. If the site sampling desigi fails to consider all
expostre pathways and media, additional samples will
be required.

Current and future exposure pathways may be limited to
particular areas of a site. If sampling activity can be
concentrated in these areas, the precision and accuracy
of the data supporting risk assessments can be improved.

Risk assessment requires characterization of each
exposure area for the site. Samples not falling within
the areas of potential concern are not used in the
identification of chemicals of potential concern not in
the calcnlation of reasonable maximum exposure
concentration. Depending on exposure pathways, the
risk assessormay utilize only a small number of samples
that were collected at a site. Exhibit 37 shows why the
identification of exposure pathways is critical to the
sampling design in order to maximize the number of
samples that are useable in the risk assessment,

3.2.8 Use of Judgmental or
Purposive Sampling Design

Tudgmental or purposive designs that specify sampling
points based on existing site knowledge may be
appropriate for the initial phase of site sampling or when
the risk assessment is performed using few samples. In
such instances, hon-siatistical approachesmay be more
effective in accomplishing the purpose of the risk
assessment for human health, than statistical designs
with unacceptably large sampling variability.

Judgmentalsamples canbe incorporated intoastatistical
design if the samples designate the area of suspected
contamination as an exposure area or stratum. The
judgmental samples are then selected randomly or within
a grid in the area of known contamination. Under the
procedures described, the initial judgmental samples
are not considered biased for the exposure area. Exhibit
38 smnmarizes somestrengths and weaknesses of biased
and unbiased sampling designs,

Resource constraints sometimes restrict the number of
samples forthe risk assessmentand therefore potentially
increase the variability associated with the results. When
the number of samples that can be taken is restricted,
judgmental sampling may identify the chemicals of
potential concern, but cannot estimate the unceriainty
of chemical quantities, The reasonable maximum
exposure or upper confidence limit cannotbe calculated
from results of a judgmental design. Bias can be
avoided with the procedures described in the previous
paragraph. '



EXHIBIT 36. COMPARISON OF SAMPLE PREPARATION OPTIONS

i'::::z: Preparation Strengths Woakneeses
Volatile Head-space Rapid, simpte, potentially automated and Qualitative ideniification; comparison of
Sail'Water minima) interferences if standards are concantration possible but quantitative
prepared using sample media to minimize standardization is difficult, especially frue
. tha effects of ionic strength variability for complex matrix {e.g., particulates and
batween samples and standards. “clay in soil; no mechanistn for
: concentration; application and sensitivity
are very analyte-specific.
Purge and Trap Gonerally recommended for this analysis Sacrifice of either highly volatile analytes or

{commparabilities); can be automated:; inadequate purge of faw volatility analytes;

broadly applicable and allows concentration dependent on purge and trap parameters,

factor; good recoveries across analyte list.

High precision and recoveries for waters, Seils have variable response dependant on
soil charactetistics, Efficiency of soil purge
is not monitored.

Extractable Separalory Relatively rapid precessing and low set-up Generally low recovery of larget analytes;
Crganics Funnel costs; refatively high PAH recovery. high potential for mairix problems; poor
in Water method precision.
Continuous Minimal matrix problems; generally higher Lower recavery of PAH and phthalates
Extraction analylicat precision and high phenot {espedcially higher molecular weight);
. recovetias, overall high extraction time-consuming procedure and high initial
efficiency {accuracy}. sel-up cosls; more potential for
contamination.
Solid Phase Very rapid, simple technique; samples can Procedure has limied available pardormance
Extracticn be extracted in the field for laboratory data. Presence of interference and matrix
analysis; potentially low MDL in a clean "~ problems can affect extraction efficiency
matrix. and data guality. Each batch of extraction
medium must be tested for efficiency by
recovery of standards, preferably in the
same matric. Breakthrough (loss) occurs at
high sample concentrations, ' .
Exiractable Sonication Rapid sampls preparation; relatively low Labor intansivé; constant attention to
Organics in ) ‘ - solvent requirement; good efficiency of procedure; relatively high initial cost,
Soil . analyte recovery/matrix exposure to ‘Methylene chlorida/acetone solvedit mixture
solvent. : : : results in many condensation products and
-often in method blank centamination.
Soxhlst Relatively routine requirement for direct Relatively high operating cost-replacement
Extraction analytical support; relatively good apparatus; solvent; for some matrices may
exposure of sample to solvent if sample not provide efficient sample/solvent contact
texture appropriate; relatively low initial (e.g.. channeling, very stow sample auipu).
cost. ; o
Inorganics Acid Digestion Dissolves patticutates; provides results for Some compounds are acid insoluble;,
total meials. digestion may promote interference effacts,
0.45 um Isolates dissolved métals specles, Filiration problems in field; does not provide
Membrana a total metals assay; is an exira step in
Fittration sample collaciion,
. Direct Aspiraticn No preparation required; provides results Particulates affect sampla infroduction.

for dissolved metals.”
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EXHIBIT 37. IDENTIFICATION OF EXPOSURE PATHWAYS PRIOR TO
SAMPLING DESIGN IS CRITICAL TO RISK ASSESSMENT

Examples of sampling design missing exposure areas of concs;
Systematic Grid:
‘,‘ I No samples
X X, X X for exposure-
.. e mmm e — - pathway A
e . ! ’ and
X >f.‘ o X X X X\ five for B
X, X : X ®
. ’ Y * |
P AP ‘
X . . X ) 4 ] X X
» r A
A
Random:
O No samples
L . X for exposure
e R ¢ pathway B
. - and
X S X X three for A

3.2.9 Field Analyses Versus Fixed
- Laboratory Analyses

Field analyses are typically used to gather preliminary
information to reduce etrors associated with spatial
heterogeneity, or to prepare preliminary maps to guide
further sampling. Field analyses are often conducted
during the RI to provide data to determine worker
protection levels, the extent of contamination, well
_ screen casing depths, and the presence of underground
contamination, and to locate hot spots. For many sites,
field analyses can often provide useful data for risk
assessment, The analyses provide semi-quantitative
results, often frec of significantmatrix interference, that
canbe nsedquantitatively if confirmed by aquantitative
analysis from fixed laboratories.

Field instruments are usnalty divided into three classes:
field portable instruments that can be carried by asingle
person, field transportable instruments thatcan bemoved
and used in the field or in a mobile laboratory, and
mobile laboratory instruments that are installed in a
trailer for transport to a site. Instrumentation used may
be GC, X-ray fluorescence (XRF), or organic vapor
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analvzer (OVA). Examples and applications of these
instruments might include on-site GC analysis of soil
gas to indicate the presence of underground
contamination, XRF for soil lead analyses, and the
OVA to detect volatile organics, reported in benzene
equivalentsrather than in standard units of concentration.

Analytical methods thathave traditionally beenrestricted
to off-site laboratories can now be employed in the field.
In addition, the quality of field instrumentation has
improved steadily, allowing for better measurements at
the site. Rugged versions of fixed laboratory
instrumentation, such as XRF and GCs, can often be
performed in trailers if adequate ventilation and power
supplies are available. With field analyses, greater
pumbers of samples can be analyzed with immediate, or
very short, holding times with no shipping and storage
requiremenis. Atleast 10% of field analyses should be
confinmed by fixed laboratory analyses to ensure
comparability. -

w Field methods can produce legally
defensible data ifappropriate method QC is
available and if documentation is adequate.



EXHIBIT 38. STRENGTHS AND
WEAKNESSES OF BIASED AND UNBIASED
SAMPLING DESIGNS

Sampling
Desigh Strengths Weaknesses
Biased * Uses knowledge of « Inability to calculate
{judgmental, location uncerainty
u .
purposive) + Fewer resources + Inability tc determine
upper confidencs
* Timaliness limit
+ Focuses sampling + Dacreases
affort representativeness
« Increases
probabilty of false
negatives
Unbiased + Ability to calculate « Resource intensive
{random, unceHainty .
systematic - Mag require
grid, * Ability to determina statistician
geostatistical) upper confidence o
limit + Timeliness
* Representativeness | « Mora samples
required
* Reduces probability
of false negative
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Significant QA oversight of field analyses is
recommended to enable the data to be widely used.
Field analysis performance data are often notavailable—
in partbecause of the variety of equipmentand operating
environments, variety of sample matrices, and relative
“newness” of certain technologies. Therefore, an in-
field method validation program is recommended.
Spikes and performance evalimation materials should be
incorporated, if available in addition to other standard
QC measures such as blanks, calibration standards, and
duplicates.

Theprecision and accuracy of individual measurements
may be lower in the field than at fixed laboratories, but
. the quicker turnaround and the possibility of analyzing
a3 larger number of samples may compensate for this
factor. A final consideration is the qualifications of
operators in the field. The RPM, in consultation with
chemists and quality assurance personnel, should set
proficiency levels required for each instrument class
and decide whether proposed instrument operators
comply with these specifications.

Fixed laboratory analyses are particularly useful for
conducting broad spectrum analyses for target
compounds, to avoid the possibility of false negatives.
They generally provide more information for a wider
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range of analytes than field analyses, and arc generally
more reliable than field screening or field analytical
techniques.

w To mninimize the potential for false neg-
stives, obtain data from a broad spectrum
analysis from each medium and exposure
pathway.

Fixed laboratory analysis commonly uses mass
spectrometry for organic analyses, which provides
greatly enhanced abilities for compound identification.
For inorganics, AA spectroscopy orICP atomicemission
spectroscopy should be used for reliable identification
of target analytes, Once the broad spectrum analysis
and contaminant identification has occurred, other
methods may be employed that offer lower detection
limits, better quantitate specific analytes of concern,
and that may be less expensive,

w The CLP orother fixed laboratory sources
are maost appropriate for broad spectrum
analysis or for confirmatory analysis.

Characteristics such as turnaround time, detection and
identification ability of the instruments, precision and
accuracy requirements of the measurements, and
operator qualifications shoutd be considered when
selecting field or fixed laboratory instrumentation.
Exhibit 39 compares the characteristics of field and
fixed laboratory analyses. The risk assessor and RPM
should consult the project chemist to consider the
available options and make a choice of analysis based
on method parameters, tumaround time, and cost, as
well as other data requirements pertinent to risk
assessment needs (e.g., legal defensibility). Exhibit 40
compares the strengths and weaknesses of field and
fixed laboratory analyses,

3.2.10 Laboratory Performance
Problems

The RPM should be aware of problems that occur
during laboratory analyses, even though the resolution
of such problems are usually handled by the project
chemist. This section discusses common performance
problems and explains how to differentiate laboratory
performance problems from method performance
problems.

W Solicit the advice of the chemist to en-
sure proper laboratory selection and to
minimize laboratory and/or methods
performance problems that occurin sample
analysis.



EXHIBIT 39. CHARACTERISTICS OF FIELD AND
FIXED LABORATORY ANALYSES

Characteristic

Fleld Analysis

Fixad Laboratory
Analysls

Pravention of
false negatives

storags.

Immediate analysis
means volatiles not lost
due to shipment and

More extensive sample
preparation available to
increase recovery of
analytes.

Prevention of
false positives

No sample to sample
contamination during
shipment and storage.

Contamination by
laboratory solvents
minimized by storage
away from analytical
system.

Analytical Data available
TJurnaround Time
24 to 48 hours

{additional tima

immediately or in up to

Data available in 7 to 35
days unless quick
turnaround time
requested (at increased

necessary for data cost).
review).

Sample
Preparation

Limited ability to prepare
samples prior to
ahalysis.

Samples can be
extracted or digested,

thereby increasing the
range of analyses
available.
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Laboratory performance problems may occur forroutine
or non-routine analytical services and can happen with
the most technically experienced and responsive
Iaboratories. Laboratory problems include instrument
problems and down-time, personnel inexperience or
insufficient training, and overload of samples. Issues
that may appear o be laboratory problems, although
they are actually planning problems, include inadequate
access tostandards, unclearrequirementsin the analytical
specifications, difficulty in implementing non-routine
methods, and some sample-related problems. Another
problem for the RPM may be alack of laboratories with
appropriate experience or available capacity to meet
analytical needs. These problems canusuallybe averted
by “up-front” planning and by a detailed description of _
required analytical specifications. » Sample and method problems can often be
distinguished from laboratory problems if they are
notassociated with a specificinstrumentor anatyst.
A review of method QC data should distinguish
between laboratory and sample problems.

performance standards, such as calibration check
standards, internal standards, or system monitoring
compounds, should be specified in the analytical
method to monitor performance of each instrument.
In addition, the use of instrument blanks should be
specified {to avoid the possibility of carry-over
during the analysis), '

« Some degradation in data quality may appear
when new personnel are operating or when the
sample load for a laboratory is high. The contrib-
uting personnel for each analysis should be
identified clearly inlaboratory records and reports,
andqualifications of personnel required in coniracts
should be documented.

« Instrumentproblems can berevealed withaunigue
identifier for¢ach instrumentin the laboratory that
is reported with the analyses. Calibration and
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EXHIBIT 40. STRENGTHS AND WEAKNESSES OF FIELD

AND FIXED LABORATORY ANALYSES

Analysis*

Strengths

Weaknesses

Field -Portable XAF
(Metals)

Extrernely high vofume sampling and analysis;
compatible with sophisticated sampling and
data handiing software. Detection limit may be
abaove laboratory instrument values but
applicable to specific site lovels of interest.

Coenfirmation techniqus recommesnded.
Comparability may require external
standardizalion of calibration because
quantitation is based on soll surface area
versus a soil volume. Results often lower
than from AA analyses,

Field GG

Hapid analysis supporting high voluma sampling

{ for varety of volalile and extractable organic

target compounds (includes pesticides/PCBs).
Minimization of sample handling vardabdiity and
data quality indicators comparable to fixed
laboratory methods.

Requires pricr site knowledge io ensure
applicability to specific conditions (e.g.,
soil-gas may not be appropriate for
investigation in sandy area). Confidence
in identification s matrix- and site-specific
and highly variable depending on sample
complaxity. Confirmation technigqus
recommended,

Mobile Laboratory
XHF, AA (Metals)

Combines the high volume sample capacity of
field analyses with the detection limits, data
quality and confidence assoctated with
laboratory analyses.

Requires significant resources, time,

ahd personnel to transport, maintain

and operate; generally most appropriate at
high volume sites, especially remote,

Mobile Laboratory
Luminascence

Hapid survey of analytes that routinely

require sample preparation {e.g., PAHs and PCRs),

Detection limits can be adjusted within fimits to
site-specific concentrations of concern,

Technigue has had minimal use In EPA
site investigation. Comparability may
be an issue and require extensive
confirmatory analyses:

Mobile Laboratory

Combines high volume capacity of field

Same weaknesses as for mobile

GC, GC-MS analyses with increased confidence in laboratory inorganles. An additional
identification (GC-MS) or improved data weakness Is the increased training
quality {GC). GC methods may be identical roquirements and decreased availability
to laboratory procedures but quality is of axperienced GC-MS operators for
intermediate due to site conditions {e.g., totally independent system operation,
temperature, humidity and power requirements). Possibiity of site contamination and

cross-contaminaticn,

Fixed Laboratory Highest comparability and representativeness. Slow delivery of data; increased

XAF, AA,ICP Data quality, inciuding detection limits, - documentalion requirement due to

‘{Metals - Available generally predictable. Efficient match of analyses the number of participants-relatively

Routine Mathods) required to instrument (e.g., multiple analyses high sample cost.

Hin simultansously by ICF).

‘Fixed Laboratery

GC & GC-MS
{Organics - Available
Routine Methods)

Highest comparability and representativenass.
Necessary confirmation of qualitative
identification. Crata quality and detection

limits generally predictable. In depth

analysis and sample archives for follow-up
testing.

Same weaknesses as for fixed
laboratory metals; analyte-specific
performance.

ICP = Induclively Coupled Plasma Spectroscopy. Graphite AA = Graphits Furnace {electrothermal) Alomic Absorption
Speclroscopy. Flame AA = Fiame Atomic Absorption Speciroscopy. IGP-MS = Inductively Coupled Plasma-Mass
Spectroscaopy. XRF = X-Ray Fluorescence. GG = Gas Chromatography. GG-MS =Gas GChromatography-Mass
Spectrometry. AA = Atomic Absorption Spectroscopy.
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EXHIBIT 40. STRENGTHS AND WEAKNESSES OF FIELD
- AND FIXED LABORATORY_ ANALYSES

{Cont'd)

Analysis*

Strengihs' )

Wgaknesses

- ICP

| Simple, aulomatad extremely rapid; can assay

metals s:multanaously, can detect ppb levels.

Subject to salt oriron interferences; lacks
detection capability at low levels; not
suitable for less than 20 ppb Arsenic, Lead,
Selenium, Thallium, Cadmium, Aniimony;
requires background and 1ntere|ement
correction.

Graphite AA

Simple, automated; can assay most metals; can .
assay low level metals; can detect ppb levels.

Lower precision and accuracy result unless
methods of standard additions used.
Method is time-consuming; requires
background correction; requires matrix
modifiers; subject o spectral interferences.
Graphite tube requires repiacement
frequently

Flame AA

Simple, rapid, very suitable for high concentration
sodium and potassium assays; commonly used and
nigged.

Not as sensitive as graphite AA; salts'can
interfere; limited by lamp capabilities;
detects ppm levals. -

ICP-M3

Rapid; can detect low levels; accurate,

Method is slibject to isobaric molecular and
ion interferences. Nebulizatioh, transport
process, and memoty physical

interferences ocecur. Method is relatively
new and is expensive. Specialized tralnlng :
is required. .

ICP-Hydride

Rapid; can detect low levels of Antimony, Atsenic,
Selenium; Hydride formation ellm;nates spectral
interferences.

Dependent on analyte oxidation state;
especially sensitive fo copper interference.
Method is relatively new. Specialized
training is required.
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ICP = Inductively Coupled Plasma Spectroscopy Graphite AA = Graphite Fumace (electrothermal) Atomic Absorption
Spectroscopy. Flame AA = Flame Atomic Absomption Spectroscopy. 1GP- MS =
. Spectroscopy. XRF = X-Ray Fluorescence. GC = Gas Chromatography. GC-MS = Gas Chromatog raphy-Mass
. 'Spectrometry. AA = Atomic Absomption Spectroscopy.

Inductively Coupled Plasma-Mass
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Chapter 4
Steps for Planning for the Acquisition of Useable
Environmental Data in Baseline Risk Assessments

This chapter provides planning guidance to the RPM
and risk assessor for designing an effective sampling
plan and selecting snitable analytical methods to collect
environmental analytical data for use in baseline risk
assessments. It is important to understand that the
variances inherent in both sampling and analytical
designs combine to contribute to the overall level of
uncertainty, The chapter also provides a number of
charts and worksheets that should be useful in planning.
It is important to remember that these are provided for
guidance only, Each Region, or the staff atan individual
site, may modify these for their use or develop their own
materials.

The chapter has two sections. The first section of the
chapter describes the process of selecting a sampling
design strategy and developing a sampling plan to
resolve the four fundamental risk assessment decisions
presented in Chapter 2:

» What contamination is present and at what levels?

» Are site concentrations sufficiently different from
background?

+ Are all exposure pathways and exposure areas
identified and examined?

« Are all exposure areas fully characterized?

A Sampling Design Selection Worksheet and a Soil
Depth Sampling Worksheet are used as data collection
and decision-making tools in this process. Guidance for
evaluating alternative sampling strategies and designing
statistical sampling plans is included.

The second section of the chapter provides gnidance on
selecting the methods for analyzing samples collected
during the RI, A Method Selection Worksheet is used
to compile the list of chemicals of potential concern and

" to determine analytical priorities so thatthe mostsuitable
combination of methods is selected.

The risk assessor or RPM, in consuliation with other
technical experts, will probably complete several
worksheets, representing different media, exposure
pathways, potential sampling strategies, chemicals of
potential concern, and analytical priorities. This is done
to compile sufficient information to communicate basic
risk assessment requirements to the RPM, and to ensure
that these requirements are addressed in the sampling
and analysis plan (SAP).

The selection of sampling plans and analytical methods
shounldbe based on the performance measures discussed
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in this chapter. These measures are assessed by data
quality indicators that quantify attainment of the data
quality objectives (DQOs) developed by the RPM for
the total data collection and evaluation effort.

4.1 STRATEGIES FOR DESIGNING
SAMPLING PLANS

This section provides guidance forevaluating aliemative
sampling strategies, Risk assessment may involve
sampling many media at a site: groundwater, surface
walter, soil, sediment, indusirial sludge, mine tailings, or
air. The strategies for sampling different media often
vary. For example, random stratified sampling may be
the appropriate method forexamination of soils ata site,
but the positioning of groundwater monitoring wells is
seldom done on a random basis. Sampling designs for
soils and sediments are usually created to examine
spatial distribution and heterogeneity of chemicals of
concern, Groundwater sampling plans examine the

Acronyms
AA atornic absorpton
BNA base/nentral/acid
CAS Chemical Abstracts Service
CLP Contract Laboratory Program
cvy coefficient of variation
CVAA cold vapor atomic absorption
DQO data quality objective
EMMI Environmenta! Monitoring Methods Index
EMSL-LV Environmental Monitoring Systems
Laboratory - Las Vegas
EPA U.S. Environmental Protection Agency

GC gas chromatography -

GFAA graphite fumace atomic absorption
GIS Geographic Information System

GPC gel permeation chromatography

ICP inductively coupled plasma

MDL method detection limit

MDRD minimum detectable relative difference

MS mass spectrometry

PASST primary assessment/site inspection
PCB polychicrinated biphenyl

QA quality assurance

QC quality control

RAS routine analytical services

RI remedial investigation

RME reasonable maximum exposure
RPM remedial project manager
SAP sampling and analysis plan
VOA volatile organics

XRF X-ray fluorescence




extent of a plume containing the chemical of concem,
and also often examine seasonal or temporal variability
inchemical concentrations. Exhibit 41 summarizes the
relative variation in spatial and temporal properucs for
different types of measurement.

The terms stratum and strata are used frequently in this
section. A stratum is usually a physically defined layer
or area; it can also be a conceptual grouping of data or
site characteristics that is used in statistical analysis,

Sampling guidance in this section is focused on
determining the spatial extent and variability of the
concentration of chemicals of potential concern.
Therefore, itappliesmostdirectly to soils and sediments,
SomeEPA Regions have developed sampling guidances
for groundwater, and the RPM and risk assessor should
consult these whenever available,

Examples of common sampling designs are given in
Exhibit 42, and their overall applicability is shown in

Exhibit43. Schemuc cxamples of some of the designs
are illustrated in Exhibit 44,

" The objective of the sampling plan is to determine a

strategy that collects data representative of site
conditions, The data must have acceptable levels of
precisionandaccuracy, obtain minimum required levels
of detection for chemicals of potential concern, and
have acceptable probabilities of false positives and false
negatives, Meeting these objectives involves optimizing
the confidence in concentration estimates and the ability
to detect differences between site and background levels.
"To accomplish these objectives, the RPM can optimize
the number of samples, the sampling design, or the
efficiency of statistical estimators (¢.g., mean, standard
deviation, and standard error).

Increasing the number of samples may increase initial
costs, depending on whether fixed or field analytical
methods are used for analysis, but it is necessary in

EXHIBIT 41. EXAMPLES OF SPATIALLY AND
TEMPORALLY DEPENDENT VARIABLES

Relative Variation in Measurements

Contarinants

Attributable to:
Measurement Spatial ' Temporal
Geophysical Measurements Large ~Small
Soil-Gas Measurements Large Lérge
Weather/Air Quality lLarge Large
Surface Water Quality Usually Small Usually Large
Physical Soil Properties Large ' Small
Soil Moisture Large Large
Soil Quality Large Small
Aquifer Properties Large Small
Groundwater Flow Usually Large Usually Small
Concentration of Groundwater Large Large

21002041



EXHIBIT 42. EXAMPLES OF

SAMPLING DESIGNS
Design Examples of Application
Judgmental/ Monitoring Wells
Purposive Hot Spots
Classical Random Background Soil
Classical Stratified;
Random Drums at Surface
Systematic Wasle Piles
Clustar Zoil from Boreholes
Compasite Soil from Test Pits
Systamatic:
Random Determine Concentrations of
Chemicals of Potential
Concerm in Sail
Grid Concentrations of Chemicals
of Potential Congern. Surface .
Soil Characteristics
Search Contaminant Hot Spots
Surrogate Gas Detector Measuromants
Phased Extant of Contah'\ination
Goostatistical Distribution of Contamination

21-002-042

ceriain situations (see Section 4.1.2). The sampling
design can often be improved by stratifying within a
medinm toreduce variahility, or by selecting a different
sampling approach, such as a geostatistical procedure
termed “kriging,” Improving the efficiency of the
statistical estimators involves specifying the type of
data distribution if parametric procedures are being
used, or switching from nonparametric to parametric
procedures if distributional assumptions can be made.

Exhibit 45 is a Sampling Design Selection Worksheet,
strucired to assist design selection forthe most complex
environmental situation, which is usually soil sampling,
The worksheet contains the elements needed to support
the decisions for RI sampling design to meet data
requirements for risk assessment. The RPM and risk
assessor may use this worksheet or use it as a model o
create one specifically suited to their needs. The final
site sampling plan must meet the data useability
requirements of risk assessment. The final procedure
for sampling design should be selecied based on the
specific reason for sampling {e.g., defining a boundary
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or obtaining an average over some surface or volume).
The worksheet should be completed for each medium
and exposure pathway at the site. Once completed, this
initial set of worksheets can be modificd to assess
alternative sampling steategics. Completion of a set of
worksheets (i.e., a worksheet for each mediam and
exposure pathway at a site, based on a single sampling
strategy) specifies the total number of samples to be
taken for an exposure pathway, and sample breakdown
according to type (i.c., ficld samples, quality control
samnples, and background samples).

The remainder of this section is a step-by-step guide to
completing the Sampling Design Selection Worksheet,
Chemicals of potential concem listed on the Sampling
Design Selection Worksheet should be the same as
those used for the Method Selection Worksheet (Exhibit
52).

4.1.1 Completing the Sampling
Design Selection Worksheet

w Use of the Sampling Design Selection
Worksheet will help the RPM or statistician
determine an appropriate sampling design.

Pathway, mediumand design alternatives. Sampling
procedures used in environmental sampling are either
unbiased or biased. Classical and geostatistical models
are unbiased in terms of sample evalnation and
bypothesis testing. The classical model is based on
random, or stratified random procedures, and the
geostatistical model on optimizing co-variance.
Systematic grid sampling can be utilized by either the
classical or geostatisticalmodel. Biased, orjudgmental/
purposive, designrequires the use of differentapproaches
to planning and evalnation.

w While other designs may be appropriate

_in many cases, stratified random or
systemnatic sampling designs are always
acceptable.

» Classical model: The classical model uses either
arandom or stratified tandom sampling design. It
is appropriate for vse in sampling any medium te
define the represeniative concentration value over
the exposure area. It is not subject to judgmental
biases, and produces known estimates and
recognized statistical measures and guidelines, A
stratified random design provides the RPM and
risk assessor with great flexibility. If the nawre
and extent of the exposure areas are not yet well
defined, a pilot random study can be conducted
and the results incinded in the final design. The

_ data can be averaged for any exposure area, The

* classical model is the basis for calculating



EXHIBIT 43. APPLICABILITY OF SAMPLING DESIGNS

confidencelevels, power, and minimum detectable
relative differences (MDRDs).

Geostatistical model: Geostatistical technigues
are good for identifying hot spots and can be nsed
for calculating reasonable maximum exposure
(RME). These techniques require complex
judgmental or purposive calcutation procedures.
Even with theuse of available computer programs,
astatistician should be consulted because different
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Objective of Sampling
Estimate
Design Chemicgl Evaluate Identify
Concentration Trends Hot Spots
Distribution

Judgmenfab’
Purposive No Maybe Maybe
Classical Random Yes Yes No
Classical Stratified:

Random Yes Yes Maybe

Systematic Maybe Yes Maybe
Cluster Yes No No
Composite " Maybe No Maybe
Systematic:

Random Maybe Yes Maybe

Grid . No Yes Yes
Sea-rch No No . Yes
Surrogate No Yes Maybe
Phased No Maybe Yes
Geostatistical Yes Yes Yes

21-002-043

approaches to estimating key parameters can
produce different estimates,

Systematic grid sampling: Systematic grid
sampling procedures are good for identifying
unknown hot spots and also provide unbiased
estimates of chemical occursence and concentration
(Gilbert 1987) useful in calculating the RME.
Systematic sampling can be used in geostatistical
or classical estimation models. Variance



EXHIBIT 44. COMMON SAMPLING DESIGNS

Simple Random

Sampling

Stratified Random

Sampling

Systematic Grid

Sampling

Strata

67

Cluster
Sampling

Stratified Systematic

Sampling

Systematic Random

Sampling
e
L ¢ &
® [
e
.
L M
I‘ .

Clusters

21-002-044
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EXHIBIT 45. HIERARCHICAL STRUCTURE OF SAMPLING DESIGN

Part |
Medium Sampling
Summary

SELECTION WORKSHEET

Exposure Area D

Exposure Area C

‘Exposure Pathway ||

Exposure Pathway |

—

Part i
Exposure Pathway
Summary

Part Iii

Number of Samples
in Exposure Area

Exposure Area B

Exposure Area A

Part il
Number of Samples

in Exposure Area

21-002-045



EXHIBIT 45. PART I: MEDIUM SAMPLING SUMMARY
SAMPLING DESIGN SELECTION WORKSHEET
(Cont'd)

B. Base Map Code

A. Site Name : :
C. Medium: Groundwater, Soil, Sediment, Surface Water, Air
Cther {Specity)
D. Comments:
F. Number of Samples from Part ||
Geo-
metrical
E. Madium/ . or Geo-
Pathway Exposure Pathway/ Judgmental/ Back- Statistical | stasistical Row
Code Exposure Area Name Purposive ground Design Design Qe Total
Column Totals:
G: Grand Total:
200204501

69



EXHIBIT 45. PART Il: EXPOSURE PATHWAY SUMMARY
SAMPLING DESIGN SELECTION WORKSHEET

(Cont'd)
H. Eroas J. Estimation
Chemical of Potential Concern AN Faithmetic K. L.
and CAS Number Oceurrence Mean Maximum CV  [Background
M. Code (CAS Number) of Chemical of Potential Concem Selecied as Proxy
N. Reason for Defining New Stratum or Domaln (Circle ane)
1. Heterogensous Chemical Distribution
2. Geological Stratum Controls
3. Historical Information Indicates Difference
4, Field Screening Indicates Difference
5. Exposure Variations
6. Other (specify)
0. Stratum or Exposure Area Q. Number of Samples from Part IH
P. Geo-
Name and Code Reason | Judgmental | Back- | Statistical geg;egl ac Row
i round | Design N Total
Purposive | 9 | statistical
Design
R. Total {(Parti, Step F):
29-D02-045-02
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mo

'Required numbsr of samples to complete grid +

EXHIBIT 45. PART lil: EXPOSURE AREA SUMMARY
SAMPLING DESIGN SELECTION WORKSHEET

(Cont'd)

Stratum or Exposure Area Domain Code
Mediurm/Pathway Code Pathway Code

Judgmental or Purposive Sampling
Commeants:

Usae prior site information to place samples, or determine location and extent of contamination.  Judgmental or
purposive samples generafly cannot be used to replace statistically located samples.

An exposure area and straturm MUST be sampled by af least TWO samples.

Number of Samples

Background Samples
Background samples must be taken for sach medium relevant to each stratum/area. Zero background samples
are not acceptable. See the discussion on page pp. 74-75.

Number of Background Samples

Statistical Samples

CV af proxy or chemical of potential concern
Minimum Detectable Relative Difference (MDRD) _ {<40% if no other information exists)
Canfidence Level (>80%) Power of Test {(=90%)

Number. of Samples
(See formula in Appendix 1V)

Geometrical Samples

Hot spot radius {Enter distance units)
Probabilty of hot spot prior to investigation (0 to 100%)
Probability that NO hot spot exists after investigaticn (enter only if »75%)

(see formula in Appendix IV}

Geostatistical Samples

Number of short range samples

Quality Contrel Samples

Nurmber of Duplicates (Minirmurm 1:20 environmental samples)

Number of Blanks (Minimum 1 per medium per day or 1 per sampling
process, whichever is greater)

Sample Totalfor Stratum
{Pant Il, Step U)

Judgmantal/ Back- Statis- Geo- Qc Row
Purposive ground tical . | metrical Total
Design or Geo-
statistical

21-002-045-03
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calculaﬁonsré‘quireﬂ toestimate confidence limits

ontheaverage concentrationare available (Cantcutt

1983). Systematic sampling is powerful’ for

complete site or exposure area characterization

when the exposure area is known to be
- heterogeneous.

Determining number of samples. Four factorsneed 1o
beconsidered in determining the total number of samples
required (see Exhibit 46): :

+ Exposure areas,

- Statistical performance objectives (based on site
environmental sampies),

. Quality assurance objectives (based on QC

samples), and

= Background samples {based on MDRD).

EXHIBIT 46, FACTORS IN DETERMINING
TOTAL NUMBER OF SAMPLES COLLECTED

Number of Exposure Areas That will bs Samplad
(p. 74}

* Media within exposure area
- »  Strata within exposure area medium

Number of Samples for Each Exposure Area
Grouping Given Required Statlsncal Per:ormance
.78

+  Confidence {1- e}, whete o is the probabilily ofa

type | errar
+ Power (1- B}, where p is the probability of a type I error
+  Minimum detectable relative difference

Number of Quality Control Samples {p. 76}

.= Field duplicate (coltocataed)-
» Field duplicate (split)
+ Blank {trip, field, and equipment {rinsate))
*  Fiald avaluation )

Numbear of Background Samples {p. 74)

« Number of site samples collected
= Minimum detectable relative ditferenca

21-002-046

The number of environmental site samples is ultimately
controlled by performance requirements, given the
statistical sampling design. The relationship between
number of samples and measures of performancedepends
upon the variability of the chemicals of potential concern,
which is measured by the coefficient of variation. In
other words, the relationship between the coefficient of
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variation for a chemical of potential concern and
measwres of performance is the basis for determining
the number of samples necessary to provide uscable
data for risk assessment,

w [fthe natural variability of the chernicals
of potential concern is large (e.g., greater
than 30%), the major pianning effort should
be to collect more environmental samples.

The number of samples can be calculated given a
coetficient of variation, a required confidence level or

‘certainty, a required statistical power, and an MDRD.

Exhibit 47 illustrates the relationships between the
number of samples required given typical values for the
coefficient of varjation and statistical performance
objectives, Calculation formulas in Appendix IV
facilitate the examination of effects beyond the examples
cited.

4.1.2 Guidance for Completing the
Sampling Design Selection
Worksheet

This section provides step-by-step instructions for
completing the Sampling Design Selection Worksheet
shown in Exhibit 45,

PartI: Medium Sampling Summary
A. Enter the Superfund site name.

B. Enter acode that u'niquely identifies a base map of
the site or the exposure unit,

All sampling events should be identified on a map
orinadatabase such asa Geograpbical Information
System (GIS).

C. Identify the medium to be sampled (e.g., soil,
- groundwater, industrial sludge, mine tailings,
smelter slag, etc.).

D. Enter any comments required to describe the
exposure area, and other information such as the
RPM’s name,

E. Enter a medium/pathway code that has been
assigned for the risk investigation.

F. Specify the exposure pathway {e.g., ingestion of
soil).

Leave this entry blank for now, then enter the
number of samples for each category that have
beenselected from Part IT (Step R} of the worksheet
when completed.



EXHIBIT 47. RELATIONSHIPS BETWEEN MEASURES OF STATISTICAL
PERFORMANCE AND NUMBER
OF SAMPLES REQUIRED

Samples Required to Meet
Minimum Detectable
Relative Difference

Coefficient _ Confidence

of Varlation (%) Power (%) Level (%) 5% 10% 20%
10 95 90 36 10 3
15 85 90 78 21 8
20 9 80 138 36 10
25 95 90 216 55 15
30 95 90 310 78 21
35 _ 95 90 421 106 28

Source: EPA 1989c.

Sample types are broken out by sample type:

« Judgmental/Purposive,
= Background,

« Statistical d'esign (e.g., stratified random
sampling),

* Qeometrical or geostatistical design (including
hot spot sampling), and

* Quality control samples,

w At feast one broad spectrum analytical
sample is required for risk assessment, and
a mimimum of two or three are
recommended for each medium in an
exposure pathway.

. Enter the grand total of all samples within a specific

medimm,
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Note:  Number of samples required in a one-sided ohe-sample t-test to achieve a
minimum detectable relative difference at confidence level and power. CV based
on geometric mean for transformed data. :
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Part II: Exposure Pathway Summary

H. List the chemicals of potential concem and their

CAS numbers.

List the known or suspected chemicals of potential
concernbased on historical data. This will generally
be from the PA/SL

List the frequency of occurrence (%).

The frequency of occurrence is the percent of
samples in which the chemical of potential concem
has been identified. This may be obtained from
site-specific data or calculated from historial (PA/
ST) data or fate and transport modeling,

Enter an estimate of the average (éhlhmeﬂc mean)
and maximum concentration of the chemical of

~ potential concern.

Historical data or data from siinilar sites can be
used to derive these valnes, More sampling will
usnally be necessary to determine statistically



significant differences if these values are close to
background levels or to the levels of detection,

. Estimate the coefficient of variation.

The coefficient of variation (CV) can be estimated
from site-specific data or from data from similar
sites, The number of samples necessary to produce
useable data will generally increase as the CV
increases., The definition of separate strata or
domains should be investigated if a CV is above
50%. Exhibit 23 contains a listing of historical
values for CVs that may be used as an estimate in
the absence of site-specific data.

Estimate background concentration.

Background concentration estimates should be for
each medivm relevant to each strata/area. Site-
specific data are preferred, but data from similar
sites can be utilized.

. Select a proxy chemical of potential concern.

Choase a proxy from the list of chemicals of
potential concern to develop sampling plans. Note
that a proxy that has the highest CV, lowest
frequency of occurrence, or whose concentrationat
the site is closest to background levels will require
the most samplcs.

N. Develop the reason for defining new strata orareas.

* Heierogeneous Chemical Distribution: If a
chemical ¢an be shown to have dissimilar
distribntions of concentration in different
arcas, then the areas should be subdivided.
For example, hot spots may be considered

separately,

+ {Geological Stratum Controls: Knowledge of
local geologic conditions can be used to
produce separate areas where similar statistical
distributions are likely to exist. In particular,
different “stratigraphic™ layers may produce
distinct strata.

» Historical Information: Historical information
on production, discharge or storage of
chemicals of potential concern can be used to
identify separate areas.

» Field Screening: Field analytical results can
be used to locate sub-populations that are
mapped into exposure areas,

+ Exposure Variations: Information or
variations in behavior patterns, land use or
receptor groups can beused toidentify separate
areas. '
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R,

= therreasons can be used to produce separate
sampling areas, such as observed stress on
vegetation, ¢ily appearance of soils, or the
existence of refuse, etc,

List the stratum or area name and code.

The stratum or area identifies sub-areas on the site
base-map.

Annotaie reason from Step N,

List the number of samples estimated after
completing Part III of this worksheet.

List the number of samples estimated after
completing Part I and Part III of this worksheet.

PartIII: Exposure Area Summary

S.

Enter judgmental/purposive sampling comments.

A minimum of three to five judgmental orpurposive
samples must be used to sample a stratum or
exposure area. Historical or prior site information
can beused tolocate sampling positions to determine
the extent and magnitude of contamination.
Chemical field screening, geophysics, vegetation
stress, remote sensing, geology, etc. can also be
used to guide judgmental sampling, Judgmental or
purposive samples are not recommended for
estimating average and maximum values within a
stratum or domain area, but they can be used in
geostatistical kriging estimations and can be
included in calculating risk,

Identify background samples,

For statistical purposes, a sufficient number of
background samples must be taken to determine
the validity of the null hypothesis that there is no
difference between mean values of concentration
in the site and the background samples at the
desired level of confidence. Early sampling and
analysis of background samples will indicate the
ease with which background levels can be
discriminated, and allow modifications to be made
to the SAP if necessary.

Background .samples must be taken for each
exposure pathway. As with QC samples, results
from the background sample should be assessed
early t0 sec if background levels will severely
impact the sampling design. The pomber of
necessary background samples increases as the
variability of the background values increases.
Background samples should not be used in the
estimation of average or maximum values within a
stratum or exposure area, but they can be used in



kriging estimations. In those instances wherc
backgroundlevels are close to on-site contamination
levels, it may be necessary to collect as many
background samples assite samples. Small numbers
of background samples increase the probability of
atypeIL false negative error (i.e., thatno difference
exists between site and background when a
difference does, in fact, exist). However, rigorous
statistical analyses involving background samples
may be unmecessary if site and non-site related
contamination clearly differ.

w Collect and analyze background samples
prior to the final determination of the
sampling design since the number of
samples is significantly reduced if little
background contamination is present.

Backgroundlevels of contaminants vary by medium
and the type of contamination. If a detectable
background level of a contaminant occurs
infrequently, the number of background samples
analyzed might be kept small. Metals often have
high rates of detection in background samples,
Some pesticides, such as DDT, are anthropogenic
and also have high rates of detection in particular
matrices. Anthropogenic background levels are
also found in sites near industries and urban areas.
It is important to distinguish detection, or lack of
detection, in a single sample from a false positive
orfalsenegative result. Results from single samples
are different estimators than those from statistical
parameters from pooled samples. Background
sampling must be increased in the following
sitgations:

+ Contamination exists in more than one
medium,

. Expectedcoefﬁcientsofvariationinchemicals
of concern are high and confirmed by actual
data,

+ Relative differences between site and
background levels are small, and

» Site concentrations and concentrations of
concern are low.

Identify statistical samples.

Samples should be systematically or randomly
located. The number of samples can be calculated
using the CV of the proxy variable, the required
MDRD, the required confidence leveland power of
the test, and the appropriate statistical formula and
appropriate charts.
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For example, using the equation in Appendix IV:

Where Z_and Z, are obtained from the normal
distribution tables for significance levels o
and frespectively; o is the probability of the
false positive error rate, and B is the probability
of the false negative error rate.

Then, if o is 0.2 (20%) and the confidence
level is 80% then Z_is 0.842. IfB15 0,05 (5%)
then the power is 95% and Z, is 1.648.

If the MDRD is 20% and the CV is 30%, then
D = MDRD which equals 0.666

Ccv
and n>15 samples are required.

Identify samples from geometrical design,

o Systernatic sampling supplemented. by
judgmental sampling is the best strategy
for identifying hot spots.

For example, nsing the equation in Appendix IV:

Where R=20m
and A = 37,160 m?

and X =0.3 Probability that a hot spot is in the
exposure area from “historical
records” or from field screening or
geophysical tests,

and C=0.2 The acceptable “walk away”
probability that a hot spot exists
after a sampling grid has been
done.

then:

D=27 R=548m, and
n=27,160/54.82 = 12.37

Therefore 12 samples are required.

Note that the requirements for 15 samples from a
statistical sampling approach can be met in this
example if the hot spot search is angmented by
randomly locating two additional samples. The
results for number of samples from U and V are not
additive,

. Identify samples from geostatistical design.

A geostatistical sampling pattern should be designed
atthe early stage of planning. A statistician should
be consulted to develop the design.,



X, Quality Control Samples

Generally, duplicates should be taken at aminimum
of 1 duplicate for every 20 environmental samples
(EPA 1989f). However, this frequency may be
modified based on site conditions. For example,
the number of duplicates and other QC samples
may be set high for the beginning of site sampling,
evaluated after several duoplicates to determine
routine measurement error, and subsequently
adjusted according to observed performance. The
information in Exhibit 48 shows that confidence in
measurement error increases sharply when four or
more pairs of doplicate samples are taken per
mediun, Critical samples are recommended for
designation asduplicates in the QA sampling design.

EXHIBIT 48, NUMBER OF SAMPLES REQUIRED
TO ACHIEVE GIVEN LEVELS OF CONFIDENCE,
POWER, AND MDRD

No. of Samples

Confidence (t-2) Power {1-5) MDRD
80% a0% 10% 42
90%2 80% 2 20% 12
0%, a0% 20% 2}
BOYY, 80% 10% © 18
BO% 2 80% 2 20% 5
BO% 20% 4% a3

YWaluas for number of samples are based an a CV of 25%.

2he minimum recommended performance measures fof fisk assessment
are: confidence (80%) and power {80%).

Source: EPA 1683c,

.Taua

Blanks provide an estimate of bias due to
contamination introduced by sampling,
transportation, carryover during field filtration,
preservation, or storage. At least one field blank
per medium should be collected each day, and at
leastone blank must be collected for each sampling
process (EPA 19891), '

Examine results from duplicate and blank samples
as early as possible in the sampling operation to
ascertain if presumed sampling characteristics are
accurate and discover areas where the sampling
strategy requires modification. For amore detailed
discussion of the types and use of QC samples see
A Rationale for the Assessment of Errors in the
Sampling of Soils (EPA 1990c).

Y. Calculate the sample total for stratum or exposure
area {(enter in Part II, Step U).
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4.1.3 Specific Sampling Issues

Selection of performance measures. Quantitative
dataquality indicators based on performance objectives
should be proposed for completeness, comparability,
representativeness, precision, and accuracy during
planning. Performance measures are specified as
minimum limits for each stratum. Based on the -
coefficients of variation of the analyte concentrations,
these limits will determine the numbers of samples
required. The actual values or objectives are determined
by the level of acceptable uncertainty, which includes
that associated with hot spot identification.
Recommended minimum criteriaare specified in Exhibit
48 for statistical performance measures associated with
the uncertainty in risk assessment; confidence level,
power, and MDRD, Recommended minimum criteria
for measurement error and completeness for critical
samples are discussed in the following sections,

Setting minimum acceptable limits for confidence
level, power, and minimum detectable relative
difference. Confidence level, power, and MDRD are
three measures of sampling design precision. These
measures are ultimately determined by the coefficient
of variation of chemical concentration and the number
of samples. Each measure is briefly defined as follows:

» Confidence level: The confidence level is 100
minns &, where ¢ is the percent probability of
taking action when no action is required (false
positive).

* Power: Power is 100 minus B, where B is the
percent probability of not taking action when
action is required (false negative).

* Minimum detectable relative difference: MDRD
is the percent difference required between site and
background concentration levels before the
difference can be detected statistically.

The power and ability to detect differences between site
concentration levels compared to background levels are
critical for risk assessment. Given a CV, the required
levels of confidence, power, and MDRD significantly
affect the number of samples. Exhibit 48 illustrates the
effect when the CV is equal to 25%.

It is important to note that the number of samples
required to meet confidence and power requirements
will be low if the acceptable MDRD is large; that is, if
site contamination is easily discriminated from
background levels.

Determining required precision of measurement
error. Ficld duplicates and blanks are the major field
QC samples of importance to the precision of
measurement error. Duplicates provide an estimate of



total measurement error variance, including variance

due to sample collection, preparation, analysis, and data

processing. They do not discriminate between-batch
ecror variance, Ifthe duplicaie is collocated, contaminant
sample variation caused by a heterogeneous mediom is
also included in the measure. The precision of the
measurement error estimate is subject to the namber of
duplicates on which the estimate is based. Exhibit 49
gives the estimated precision of the measurement error
baséd on the number of duplicate pairs. With three
duplicates, the true measurement error variance could
be as much as 13,89 times the observed variance, if a
95% level of confidence is required. The resources
needed for the collection and analysis of duplicates
depend on the magnitude and variability of the
concentration of concermn for the chemicals of potential
congern,

. Litﬂe room for measurement error exists if the
levelo_fooncentrationofconoemisnearthemethod

detection limit, and the precision of the estimate of
measurement error is critical.

+ If the natural variability of the chemicals of
potential concemn is relatively large, the major
planning effort will be to collect more samples
from the exposure areas, rather than collecting
more QC samples. More detailed discussions of
the use of QC measures and selection of the
appropriate number of QC samples may be found
in A Rationale for the Assessment of Errors in the
Sampling of Soils (EPA 199%0c).

Flanning for 100% completenessfor critical samples.
Certain sampies in a sampling plan may be designated
by the RPM or risk assessor as critical in determining
the potential risk for an exposure area. For example, if
only onebackground sample is takenfora givenmedium
and exposure area, thenthatsample would be considered

EXHIBIT 49. CONFIDENCE LEVELS FOR THE
ASSESSMENT OF MEASUREMENT VARIABILITY

Number of Interval for 95% Confidence that Measuremsent Etror Is Within Limits
Pa?rug::na:lis Observed, True Observed
Varlance (57) Variance Varlance (32)
2 27 < Uﬁ < 39.21
3 32 < o s 13.89
4 36 < 02 P 8.26
5 39 < A s 6.02
8 42 < 62 Py 484
7 44 = o 5 414
8 48 = "2 < 3.67
9 47 < ° < 333
10 49 < 3 < 3.08
15 54 < o < 0 40
20 58 s "z = 2.08
25 62 < ° £ 1.91
50 70 £ % < 161
100 J7 < G < 1.35

2 . . .
0= True variance {poptilation variance).

52 =-Observed variance {pracision of an estimate}.

Note:
Source: EPA 1980c.
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Assumes data are or have been transformed to normal distribution,
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“critical.” All data associated with such a samiple must
be complete. The only acceptable level of completeness
for critical samples is 100%.

w Focus planning efforts on maximizing
the collection of useable data from critical
samples.

Hot spots and the probability of missing a hot spot.
Hot spots are primarily an issue in soil sampling. The
RPM and risk assassor must determine whether hot
spots exist in the exposure area and the probable size of
the hot spot. This information can often be deduced
from historical data and assisied by judgmental sampling,
although judgmental sampling alone cannot produce
estimates of the probability that a hot spot has been
missed. Procedures for determining the probability of
missing a hot spot are not as effective in random designs
as in sysiematic and geostatistical designs. However, a
search strategy which stratifies the area based on grids
and thenrandomly samples within each grid can be used
within the classical technique, Systematic and
gseostatistical design approaches provide the best
approach to unknown hot spot identification,

Appendix IV describes numerical procedures and
assumptions o determine the probability that a given
systernatic design will detect a hot spot and provides a
calculation formula based on a geometrical approach.
To employ this formula, the distance between grid
poinis and the estitnated size of the hot spot as aradius
must be specified.

Historical data comparability. The RPM may wish to
assess historical data along with current results or may
anticipate that the current data will need to be compared
with results from future sampling activities. Consulta
statistician in either of these cases to determine if the
current sampling design will allow the production of
dataofknown comparability. Factors other than statistics
may need tobe considered when attempting to combine
data from different sampling episodes. Physical
properties of the site such as weather patterns, rainfall

_and geologic characteristics of different exposure areas
may need 10 be considered. Temporal effects, such as
the seasonality or time period of sampling, or seasonal
heightof awater table, may also be important. Analytical
methods have been modified over time and many
required detection limits have been revised,

w The ability tocaombine data from different
sampling episodas or different sampling
proceduresis averyimportantconsideration
in selecting a sampling design but should
be done with caution.
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4.1.4 Soil Depth Issues

The appropriate depth or depths to take soil samples can
be a major issue in determining a sampling design.
Exhibit 50 is a worksheet designed to help the RPM and
risk assessor to determine an appropriate soil sampling
depth. The conceptual site model (Exhibit 8) provides
the basis for completing this worksheet. The nature and
depth of soil horizons at the site should be established
wherever possible. Features such ag porosity, humic
content, clay content, pH, and aerobic status often affect
the movement or fate of chemicals of potential concern
throngh a soil. As with other worksheets provided in
this guidance, this worksheet is intended as a guide or
basis for development. RPMs, in consultation with the
risk assessor and other staff, can revise or modify this
worksheet as appropriate to the site. Consider both
current and future land use scenarios in soil exposure
areas because of the sorptive and retentive properties of
s0ils.

Completing the Soil Depth Sampling Worksheet
1. Land Use Alternatives

A, Identify current or future land use.

B. Identify exposure scenario.

The exposure scenario should be identified for
currentorfuture land use. Identify the scenario
according to Role of Baseline Risk Assessment
in Superfund Remedy Selection Decision (EPA
1991¢) and Human Health Evaluation Manual
Supplemental Guidance: Standard Default
Exposure Factors (EPA 1991d). Aresidential
exposure scenario should be used whenever
there are, or may be, occupicd residences on or
adjacent to the site. Unoccupied sites should
be assumed to be residential in the futre
unless residential land use is unreasonable.
Sites thatare surrounded by operating industrial
facilities can beassuned toremain as industrial
areas unless there is an indication that this
assumption is not appropriate. Other potential
land uses, such as recreation and agricultural,
may be used if appropriate.

2. Chemicals of Potential Concern
A, Specify class of chemical.

Circle the classes of chemicals of potential
concern (e.g., volatile organics {VOAs),
semivolatile organics (semi-VOAs), inorganics
or metals, or special class) that apply.



6L

EXHiIBIT 50

. S‘OIL DEPTH SAMPLING WORKSHEET

Step 1 - Land Use Specifications”

1A (check one}

_ Current

_ Future

_ Current & Future, Same

1B {check one)
_ Residential

_. Commerciaiindustrial

.. Other {Specify)

_ Recreational

_ Agricultural

Sampling Depth Considerations

Step 6. Expected
Depth of Contamination

by Chemicals of

Potential Concern

Surface Units

Subsuirface

Step 7. Exposure Pathways

ingéation Dermal

Inhalation

Step 8. Representative
Sample Depths
{units )

Step 2: Chemicals of Concem
A Class: VOAs, Metals,
semi-VOAs, Special
{(e.g., PCBs, dioxin}
B Physical Properties: Mobhile,
Soluble, or Leachable
Step 3: Soil Characteristics

A Taxcnomy

B Organic Content

€ Particle Size

D Concem for Migration to Other
Media, (Air, SW, sediments,
GW})

Step 4 Vegetative Cover
Heavy/Sparse/lntermittent

Step 5: Other Factors

*

(e.g., mix of residential and commercial use for different areas of a site, possible future residential use, etc.).

The complexity of a site determines if multiple worksheets are necessary to distinguish batween current and future land use scenarios

21-002-950




B. Record physical properties.

Circle the physical properties of the chemicals
of potential concern that apply. These
properties can be estimated from factors such
as the octanol/water partition coefficient,
Henry’s law constant, and water solubility
appropriate to each chemical,

Soil Characteristics |

A. Record the taxononuc des:gnauon of the soﬂ
o 1t' known.

. B. Record the organic matter content of the soil.

>, Record the most common- pax'ﬁcle size of the
soil.

D. Identifly any concem for migration of the
chemicals of potential concern to other media

(e.g., air, sediment, surface watcr and_

groumdwater).
Vegetative Cover

Circle whether the vegetative cover of the site is
heavy, sparse or intemmittent.

Other Factoré

List other factors or considerations that influence
the desired depth of soil sampling. For example,
geological factors (e.g., depth o groundwater or
bedrock) could influence soil sampling.

. Expected Depith of Contam:natmn by Chemicals
of Potential Concern

Enter expected depth (and units) of contamination
" by chemicals of potential concern, given the
chemicals, soil characteristics and vegetativecover,
Depth ¢an be influenced by disposal practices or
deposition patterns, soil characteristics, vegetative
cover, and physical and chemical properties of the
chemicals of potential concern.

Exposure Pathways _

Enter exposure pathways by chemicals of potenﬁal
concern, soil characterisiics and vegetative cover,
Physical and chemical properties of the chemicals

of potential concern will inflyence their activity in

theexposurepathway (e.g., VOAs and the inhalation
pathway). Soil characteristics and vegetative cover
will also influence the exposure pathway (e.g.,
groundwater and water ingestion pathway).
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8. Réprgs’entative Sample Depths

- Record representative sample depths (including
* units) indicated by the data completed in Steps 2
' through T

Basic Soil Depth Definitions

Surface dust is the top 0 to 2 inches of soil that can
be carried by the wind and tracked into houses,

Surface soil is the top 0 to 6 inches of soil. Ifthe
.surface is grass covered, surface soil is considered
the 2 inches below the grass layer.

. Subsurface soil can typically range from 6 inches
to.sormorefeetin soil depth. Forexample, atsites
with potential soil moving activity, soil depths

_greater than 6 feet could be of concern in risk
assessment.

Other Performance Measures. Other performance

_ Ineasures may be designated to facilitate the monitoring

and assessment of sampling. For example, field spikes
and field evaluation or audit samples can be used to

* assess the accuracy and comparability of results. Field

matrix spikes are routine samples spiked with the
contaminant of interest in the field and do not increase
the number of field samples. Field evaluation samples
are of known concentration, which are introduced in the
field at the earliest stage possible and subject to the same
manipulation as routine samples. Field evaluation

- samples will increase the total mumber of samples

collected. Performance measures for field spikes and
¢valuation samples are expressed in terms of percent
recovery. Difficulties associated with field spiking,
especially in soil, have resulted. in limited use of this
practice (EPA 19891),

4.1.5 Balancing Issues for Decision-
Making

Completing a number of Sampling Design Selection
Worksheets (Exhibit 45) for different exposure areas,
media, and sampling design alternatives will enable the
RPMandriskassessor to compare andevaluate sampling
design -options and consequences and select the
appropriate sampling design for each medium and
exposure pathway, Practicaltradeotfs betweenresponse
time, analytical costs, number of samples, sampling

‘costs, and level of uncertainty can then be weighed. For
- example, perhaps more samples can be collected if less

expensive analyses are used. Or, if the risk assessment
is based on a point source, collection of additional
samples to-estimate chemical concentrations and
distribution can be avoided.



Computer programs are aseful tools in developing and
cvaluating sampling strategies, especially in trading off
costs against uncertainty, and identifying situations
when additional samples willnotsignificanty affectihe
useability of the data (i.e., the point of diminishing
returns), Each automated system has specific data
requirements and is based on specific site assumptions.
Themajor systems that support environmental sampling
decisions are listed, contacts for information given, and
brief descriptions provided in Exhibit 51.

4.1.6 Documenting Sampling Design
Decisions

Itis important to document the primary issues considered
inbalancing tradeoff to accommodate resource concerns
and their impact on data useability, Fuily document all
final sampling design decisions, including the rationale

foreach decision. During the course of the RY, continue
todocument pertinentissues that arise and any sampling
plan modifications which are implemented.

4.2 STRATEGY FOR SELECTING
ANALYTICAL METHODS

This section describes how to use the Method Selection
Worksheet shown in Exhibit 532 as a data collection and
decision-making tool to guide the selection of analytical
methods that meet the needs of the risk assessment and
to select the most appropriate method for each analyte,
The RPM and risk assessor should consult the project
¢hemist and use this worksheet in method selection.
Alternatively, it can be a model fo create a worksheet
specifically suited to their needs. Methods selected in
this process may be routine or non-routine.

EXHIBIT 51. AUTOMATED SYSTEMS* TO SUPPORT

ENVIRONMENTAL SAMPLING

~ Environmenial Sampling
(Flan Design) - Expent -
System

Exposure Assessment Div,

USEPA, EMSL-LV
(702) 798-2367

System EPA Contact Description
Data Quality Objeciive Dean Neptune Training systorn designed to assist in
{Training} - Expert _ USEPA planning of envivonmental
System Quality Assurance investigations based on DQO process,
. Management Statf
(202) 260-9464
ESES Jefi Van Ee Expert system designed to assist in

planning sample collection. Includes
models that address stalistical design,
QC, sampling procedures, sample
handling, budget, and documentaiion.
Current systam addresses metal
containinarts in a sofl matrix. (Expanded
application under developmant, contact
EMSLE-LV.)

GEQEAS
Gaostatistical
Envircnmental
Assessment Sofiware

Evan Englund

Exposure Assessment Div,

USEPA, EMSL-LV
{702) 798-2248

Collection of software tools for
wo-dimensional geostatistical analysis
of spatially distributed data points.
Programs include file management,
coentour mapping, krging, and variogram

USEPA, EMSL-LV
(702) 798-2367

analysis,
SCOUT Joff Van Ee .| A collection of stafistical programs that
Multivariate Statistical Exposure Assessment Div. | accapt GEOFAS files for multivariate
Analysis Package USEPA, EMSL-LV analysis,
{702) 798-2367
ASSESS Joff Van Ee Systern designed to assist in
Exposure Assessment Div. | assessment.of emrer in sampling of soils.

Estimates measurement afror variance
componests. Presents scatter plots of
QC data and error plots to assist in
determining the appropriate amount of
QC samples.

recormmended,
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* Al systems will ritn on any [BM-compatible PC AT with a minimum of 840K RAM. A fixed disk is
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EXHIBIT 52. METHOD SELECTION WORKSHEET

I. Analytes Il. Medium Il. Critical Parameters {V. Rouline Avaitable Methods4
A B. A. B. c. D.
Chemical or Class of Reporting Tumaround ID Only or Concen- Required
Chemicals of Requirement’ Time D Plus traionof | Method
Potential Goncem (Y or N {enter hours Quant Concem, | Detection
or days) (IDorID+Q} |  (or PRG) Limit3

! Y= Total reported for compound class.
N = Each analyte reporied separately.
Preliminary remediatfon goal.

Metheod detection limit should be no greater than 20% of concentration of concemm.

Refer to Appendix Il for specific methods. Recommend consuitation with chemist andfor automated methods search to determine all methods availabte.
(Exhibit 53 lists computer systems that suppott method selection.)

21-002-052



w  Ensure that critical requirements and
priorities are specified on the Method
Selection Worksheet so that the most
appropriate methods can be considered.

»  Routine methods are issued by an organization
with appropriate responsibility (e.g., state or
federal agency with regulatory responsibility,
professional orgamization), are validated,
documented, and published, and contain
information on minimum performance
characteristics such as detection limit, precision
and accuracy, and uscful range.

«  Non-routine methods address sitnations with
unusual or problematic matrices, low detection
limits or new parameters, procedures or
techniques; they often contain adjustments o
routine methods.

w Use routine methods wherever possible
since method development is time-
consuming and may resultin problems with
laboratory implementation.

4.2.1 Completing the Method
Selection Worksheet

1. Identify analytes.

List the chemicals of potential concern to risk
assessment for the site on the Method Selection
Worksheet. Use the same list of chemicals that
appears on the Sampling Design Selection
Worksheets, Under Column 1B, indicate whether
the concentration for each analyte should bereported
separately, or the total for the compound class
reported.

2. Identify medium for analysis.

Specify the analysis medium {e.g., soil, sediment,
groundwater, surface water, air, biota),

3. Decide on critical parameters.,

Specify the required data turnaround time (TIIA) as
the number of hours or days from the time of
sample collection. Indicate whether chemical
identification alone is desired or identification plus
quantitation (I11B). Specify the concentration of
concem (IIIC) and required detection or quantitation
limit (II1D)).

4, Identify routine available methods.

Use the final worksheet column, in consultation
with the projectchemist, to list the methods available
that satisfy the requirements in the preceding steps.
Reference sources and software are available to
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assist in identifying routine analytical methods
applicable for environmental samples (Exhibit 53).
The most common routine methods for organics
and inorganics analyses for risk assessment are
listed in Appendix I, Themethodsin the appendix
are from the following sources:

» Contract Laboratory Program (CLP)
Statements of Work for Routine Analytical
Services (EPA 19904, EPA 1990e),

»  Test Methods for Evaluating Solid Waste
(SW846); Physical/Chemical Merthods (EPA
1986b),

+  Standard Methods for the Examination of
Water and Wastewater (Clesceri, et. al., eds.
1989), and

» EPA Series 200, 300, 500, 600 and 1600
Methods (EPA 1983, EPA 1984, EPA 1988d,
and EPA 1989g).

‘Other sources of methods are:

*  Field Analytical Support Project (FASP) (EPA
198%h),

«  Field Screening Methods Catalog (EPA
1987b),

= Field Analytical Methods Catalog,
e ERT Standard Operating Guidelines,
+  Close Support Analytical Methods,

= A Compendiumaf Superfund Field Operations
Methods (EPA 1987c¢),

»  Association of Official Analytical Chemists
{AOAC), and

-« American Society for Testing and Materials
{ASTM),

Several computer-assisted search and artificial
intelligence-based 1ools are available, including the
Environmental Monitoring Methods Index (EMMI),
the SmartMethods Index, and a computerized reference
book on analytical methods. Some of these systems are
designed as teaching tools, as well as informational
compendia. All offer the ability to rapidly search and
compare lists of chemicals and method characteristics
from accepted reference sources. Exhibit 53 lists
software products that aid method selection, identfies
contacts for information, and gives a short description
of the product.



EXHIBIT 53. AUTOMATED SYSTEMS*
TO SUPPORT METHOD SELECTION

System . Contact Dascrlption
Environmantal W. A. Telliard An atfomated sorting and
Maonitoring USEPA lection soft package that
Mathods Index Offfce of Watar currenily contains over 900
[EMMI) {202} 260-7120 mathods and over 2600

analytes from moire than 80
regulating and nal P]
lists. These are cross-
1 {o taciltate selecth
based on required nesds leg.,
analyte detection fimkt,
instrument}.
Smart Methods' Joha Necerino Matural language expart syslem
Index Quality Assurence Jiv, pratatype that provides
LUSEPA, EMSL-LY Interactive querles of databases
{702) 7982110 cfoss-felerenced by method,
analyte, and performance
features.
CGieophyslcal Aldo Maggella An exper system that suggests

Techniques Advanced Monitoring and ranks geophysical
Expert System Div.
USEPA, EMSL-LV

(702) 798-2254

appficabilly of use hased on
slle-specilic characteristics.

technfques, in¢luding soil-gas, for

EPA Sampling Lewis Publishers A three-volume szt of diskettes
and Analysls 1-800-272-7737 and a printed manual provides
Data Base a search of sampiing and

aralytical method summaries
from a menu-driven program of
150 EPA-approved methods.
The database can be searched
by methad, analyle, matrix, and
various QA considerations.

Al systems will run on any IBM-compatibie PC AT with a mInEmum of 640K RAM,
A fixed dlisk Iz recommended. .

FIES AT

4.2.2 Evaluating the Appropriate-
ness of Routine Methods

& Apalyte-specific methods that provide
better quantitation can be considered for
use once chemicais of potential concern
have been identified by a broad spectrum
analysis,

Choiceof the propermethod is critical to the acquisition
of useable data. See Section 3.2 for a more detailed
discussion. Routine methods provide data of known
-quality for the analysis of chemicals and sample types
described in the method. Data quality issues (precision,
accuracy, and interferences) are usually described in the
method. Consult the project chemist and examine
available methods with respect to the criteriadefined on
the Method Selection Worksheet. It may be helpful 10
divide the analyte list into categories based on the types
of anatysis. For example, a requirement for chromium,
cadmium, and arsenic data couldnotbe generated by the
same analysis as data for chlorinated hydrocarbons
because of sample extraction and treatment procedures.
Itmay be possible to use several methods independently
and combine the data sets for risk assessment purposes.
This is done routinely by the CLP, where inorganics
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- {elemental analysis), volatiles, exiractable organics,

and pesticides are analyzed by different methods. In
some cases, no routine meihod or series of methods will
be able to satisfy all criteria and compromises must be
considered. The RPM, with the advice of the risk
assessor, must then determine which criteria are of
highestpriority and which can be modified. Forexample,
if a low detection limit is of high priority, tumaround

- time and cost of analysis will likely increase.

Alternatively, low detection limit and precision
requirements may need to be modified if an initial broad
spectrumanalysisis of high priority to quickly determine
the largest number of chemicals present at the site.

Turnaround time. Turnaround time is determined by
the available instrumentation, sample capacity, and
methods requirements. Turnaround times for field
analyses can be as short as a few hours, while those for
fixed laboraicry analyses include transport time and
range from several days to several wecks. Field
instruments can provide the gquickest results, especially
if the data do not go throngh a formal review process.
However, the confidence in chemical identification,
and particularly quantitation, may not be as high. In
general, methods with quick turnaround times may be
less precise and have higher detection limits. If dataare
needed quickly, a fickd method can be used for initial
results and a fixed laboratory method used to produce
more detailed resnlts (or confirm the earlier results),
thereby increasing the confidence in field analyses,

Sample quantitation limits. Risk assessment often
requires a sample quantitation limit at or below the
detection limit for routine methods for many chemicals
of toxicological concern (see Section 3.2.4). The sample
quantitation limits vary according to the size, treatment,
and analysis ofeach individual sample. The quantitation
limits for chemicals in water samples are often far lower
than for the same chemicals in soils becanse of co-
extractable components in the soil. Interferences known
for the methed may hinder acquisition of data of
accepiable quality and are more pronounced near the
method detection limit. Compare documented method
interferences with site conditions to identify potential
methodproblems. Some common sources of interference
in organic and inorganic analyses are summarized in
Exhibits 54 and 55. If needed sample guantitation
limits cannot be met by available methods, consult the
project chemist for the feasibility of detection at the

"desired level in the required sample type. The chemisi

can help determine if method adaptation canresolve the
problem, orifa non- routine method of analysis can be

“used,

Useful range. The useful range of amethod is the range
of concentration of chemicals for which precise and
accurate results can be generated. Thisrange is analyte-
specific. The lower end of the usefid range is the
mcthod detection limit, often genexically referred (o as



EXHIBIT 54. COMMON LABORATORY CONTAMINANTS AND-
INTERFERENCES BY ORGANIC ANALYTE

the “detection limit.” If a lower detection limit is
required, use of a larger sample or smaller final extract
volume can sometimes compensate. However, any
interfering chemicals are also concentrated, thereby
producing greater interference effects, Above the useful
range, the response may not be linear and may affect
quantitation. This causes inaccurate and/or imprecise
measurements, Reducing the sample size for analysis
or diluting the extracted material may bring the
concentration within the useful range. With individual
environmental samples, some chemicals are sometimes
- presentat the low end of the useful range of the method,
‘while others areabove the useful range. Inthis situation,
two analyses, at different effective dilutions, are
necessary to produce accurate and precise data on all
chemicals. If detailed criteria for performing and

Contamination .
or Effects on Removal /
Interference Fraction Matrix Analysis Action
Fat/Qil Extractable Tissue, Increased GPC (all groups), florisil
organics, waste, detection limit, | {pesticides), acid
pesticides, and | soils decreased digestion (PCBs only)
PCBs precision/
accuracy
Sulfur Extractable organics, |Sediment, Presence/ GPC, copper,
chlotinated and waste, absence, mercury, tetrabutyl
phosphorus- soils detection limits, | ammonium sulfate
containing pesticides precision/
accuracy
Phthalate Chlorinated All False positive Florisil, GC-MS
Esters pesticides, PCBs, identification confirmation of identity
and extractable (pesticides and | (pesticides, PCBs),
organics extractable evaluation of reagents
organics) or and method blanks for
positive bias contamination
(pesticides and
extractable
_ organics)
Laboratory Volatile organics All False positive Confidence in data use
Solvents (methylene chloride, identification or | based on interpretation
acetone, and positive bias of blank data
2-butanone)
" Source: EPA 1986a.
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reporting such actions are not already part of the
analytical Statement of Work, then the laboratory should
be instructed to notify the RPM if this simation occurs,
10 allow for sufficient time for reanalysis within the
specified holding time. All relevant analyses should be
reported tomaximize the useability of both detected and
non-detected analytes,

w Alfresuits should bereported forsafnp!es
analyzed at more than one dilution,

Precision and accuracy. Routinemethods often specify
precision and accuracy with respect to specific analytes
(chemicals) and matrices (sample media). However, be
aware that environmental samples are often difficult to
analyze because of the complexity of the matrix or the



EXHIBIT 55. COMMON LABORATORY CONTAMINANTS AND
- INTERFERENCES BY INORGANIC ANALYTE
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Analyte Technlque interference Removal/
Actlon
Arssnic GFAA Iron, Alaminum Background correction
(not deuterium) (Zeeman).
ICP Alurninum If abovs 100 ppm,
correction factor utilized.
Beryllium Icp Titanium, Vanadium If above 100 ppm,
correction factor utilized.
Cadmium GFAA None except possible Background correction
sample matrix effects for matrix effects.
ICP . Iron if above 100 ppm,
carrection factor utilized.
Chromium GFAA Calgium Add calcium, standardize
suUppression, background
correction,
ICcP Iron, Manganese If above 100 ppm,
correction factor utilized, .
Lead GFAA Sultate Lanthanum nitrate
- addition as matrix
modifier, background
correction.
ICP Alumninum If above 100 ppm,
correcticn factor utilized.
Mercury CVAA Sulfide, High Chloride Remove interferences with
cadmium carbonate
(removes sulfide),
potassium pemmanganate
{removes chloride), excess
hydroxylaming sultate
{removes free chiokine).
Selenium GFAA lron, Aluminum Altemate wavelength for
analysis, background
correction (not deuterium)
{Zeeman),
ICP Aluminum Above 100 ppm,
correction factor utilized,
Cyanide Colorimetric/ Acids, Sulfide, Increase pH to > 12 in field to
spectrophotometric Chlorine oxidizing remove acids, cadmium
agents carbonate (removes sulfide),
ascorbic acid (removes free
chlorine).
Key: ICP = Inductively coupled plasma.
GFAA = Graphite furnace atomic absorption,
CVAA = - Cold vapor atomic absorption.
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presence of alarge number of contaminants; this usually
results in lower levels of precision and accuracy than
those cited in the method.

4.2.3 Developing Alternatives When
Routine Methods are not
Available

Ifrowtine methods arenotavailable to suit the parameters
ofinterest, itis often due to one or more of the following
factors:

» The detection limit of commonly available
ingtrumentation has been reached, and a lower
detection limit is required for the risk assessment,

+ An unusual combination of chemicals are of
potential concern,

» The sample matrix is complex, and

+ The chemicals of potential concern or other
analytical parameiers are unique to & particular
site.

Consult an analytical chemist for specific guidance on
the potential limitations of alternative approaches. These
may include adaptation of a routine method or use of a
non-routine method. Be aware that certain conditions,
such as extremely low detection limits for some
chemicals, may be beyond the capability of current
analytical technology. Turnaround times and costs may
also be increased. :

Adaptation of routine methods, Adapting routine
methods may be a solution when routine methods wili
not provide the desired data even after compromises
have been made with respect to parameters such as
twnaround time and cost. Using the completed Method
Selection Worksheet as the starting point, work closely
with an amalytical chemist to formulate suitable
modifications to the routine method. Evaluate and
document any effects on data quality that will result
from the modifications,

Within the CLP, such analyses can be obtained by
special analytical requests. Before analysis of site
samples, it is advisable to confirm a laboratory’s ability
to perform the adapted method with preliminary data,

Use of non-routine methods. Existing non-routine
methods that meet criteria can be used if a routine
method cannot be adapted to provide the necessary data,
Such analyses can be found in the research literature,
usually catalogued by analyte or instument. On-line
compuierized search services can be of considerable
help in identifying such methods. Work interactively
with an analytical chernist inreviewing selectedmethods.
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Recognize that non-routine analyses require a greater
level of capability and experience from the analytical
laboratory, and that turnarcund time can be longer
because the method may need alteration during analysis
if problems develop.

Development of new methods. Developing new
methods should be the option of last resort, The RPM,
risk assessor, and project chemist should consider
recommending the development of new methods only
for chemicals of substantial potential concernthat cannot
currently be analyzed at appropriate limits of detection.
Although designing a method based on data available
for a given instrument and analytes may seem
straightforward, the process is time-consuming and
expensive. Unforeseen problems can often arise when
the method is implemented in the laboratory. Problems
canoccurevenwhen laboratory personnel have superior
training and experience. Consider the following points
when requesting the development of a new method:

+ [If possible, select a laboratory with a recognized
reputation for performance and flexibility in a
related area. Treatlaboratory personnel aspartners
in the development process. This is ttue whether
a comunercial or a government laboratory is used.

» Identify sources for authentic standards of the
chemicals in question to support method
development. Computerized databases such as
the EPA EMMI (see Exhibit 53) may be usefut for
such a determination,

» Be aware that turnaround time for useable data
may be long {potentially several months) because
of the likelihood of trying different approaches
before discovering an acceptable procedure.

4.2.4 Selecting Analytical Labora-
tories

In selecting a laboratory 1o produce analytical data for
risk assessment purposes, identify and evaluate the
following laboratory qualifications:

» Possession of appropriate instrumentation and
trained personnel (o perform the required analyses,
as defined in the analytical specifications,

+ Experence in performing the same or similar
analyses,

+ Performance evalpation results from formal
monitoring or accreditation programs,

» Adequate laboratory capacity to perform all
analyses in the desired timeframe,



* Intra-laboratory QC review of all generated data,
independent of the data generators, and

~« Adequate laboratory protocols for method
performance documentation and sample security,

For non-routine analyses, the laboratory should have
highly trained personnel and instrumentation not
dedicated to production work, especially ifnewmethods
or uniested modifications are requested.

Accreditation programs monitor the level of quality of
laboratory performance withinthe scope of their charters.
Many of these programs periodically provide
performance evaluation samples that the laboratories
must analyze within certain limits in order to maintain
their stams. Prior to laboratory selection, request that
laboratories provide information about their performance
in accreditation programs. This information can be
used for evaluation of laboratory quality, in the case of
similar matrices and analytes, Laboratory adherence to
standards of performance such as the Good Laboratory
Practices Standards (Annual Book of ASTM Standards)
also provides a measure of laboratory quality. .

4.25 Writing the Analysis Request
Include the following items in the analysis request:

* A c¢lear, complete description of the sample
preparation, extraction, and analysis procedures
including detailed performance specifications. For
adaptation of routine methods, specify the routine
method and explicitly state alterations with
applicable references.

* Documented reponing requirements,

» Laboratory access (o required authentic chemical
standards.

* A mechanism for the laboratory to obtain EPA
technical assistance in implementing method
modifications or performing non-ronting methods.

If the analysis request is for a nor-rowtine method, .
reference the published material with a detailed

specification of procedures and requirements prepared
by the analytical chemist who has been working with
the RPM and risk assessor. The specification must
include the frequency, acceptance criteria, and corrective
action requirements for each of the following:

* Instrument standardization, including tuning and
initial and continuing calibration,
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* QC check samples such as surrogate compound
and internal standard recoveries,

» Method blank performance (permissible level of
contamination),

» Spike sample recovery requircments,
¢ Duplicate analysis requirements, and -
» Performance evaluation or QC sample results,

Allow time for the laboratory to review the analysis
request and question any part of the description that
seems unclear orunworkable according to itsexperience
with the analytes or sample matrix. Preliminary data,
such as precision and accuracy data on a subset of the
analytes, can be requested to determine if the laboratory
canimplement the proposed method. Should the criteria
not be met in the preliminary analyses, the analytical
chemist should advise the laboratory on additional
method modifications to produce the réquired data.~In
some cases, even qualitative data can be nsed tonote the
presence of chemicals of potential concern,

In all cases, require the laboratory performing the
analyses to contact the project chemist at the first sign
of aproblem that may affect data quality. The RPM and
the site technical team can then judge the magnitude of
the problem and determine appropriate corrective action,

4.3 BALANCING ISSUES FOR
- DECISION-MAKING

Resource issues. Resource limitations are a major
reason for sampling design modification. ‘The number
of samples required to achieve desired performance
measures may exceed resource availability. Modifying
the sampling design and the efficiency of statistical
estimators can reduce sample size and costs, and improve
overall timeliness for the risk assessment. Analytical
methods such as field analyses may also reduce cost,
Systematic and geostatistical sampling designs can
often achieve the required performance measures with
fewer samples than classical random sampling (Gilbert
1987). Pilot sampling can be used to verify initial
assumptions of the SAP, increase knowledge of
contaminantdistribution, and support SAPmodifications
i0 reduce the number of samples. Explain resource
issues and record potential design modifications in
documentation developed during planning,

Completing a number of Sampling Design Selection
Worksheets (Exhibit 45) for different exposure areas,



media, and sampling design alternatives will enable the
RPM and risk assessor to compare andevaluate sampling
design options and consequences and select the
appropriatc sampling design for each medium and
exposure pathway.

Computer programs are useful tools in developing and
evaluating sampling strategles especially in trading off
costs against uncertainty, and identifying situations
when additional samples will notsignificantly affect the
useability of the data (i.e., the point of diminishing
returns).  Each automated system has specific data
requirements and is based on specific site assumptions.
The major systems that support environmental sampling
decisions are listed, contacts for information given, and
brief descriptions provided in Exhibit 51.

Documenting design decisions. It is important (o
document the primary issues considered in balancing
tradeoffs to accommodate resource concems and their
impact on data useability. Several compromises among
options are discussed in this section, Features of
analytical options available for organic and inorganic
analytes are summarized in Exhibits 56 through 59.
Fully document all final sampling and analytical design
decisions, including the rationale for each decision.
During the course of the RI, coniinue to document
pertinent issues that arise and any plan modifications
which are implemented.

The goal of balancing issuesin the selection of analytical
methods is to obtain the best analytical performance
without sacrificing risk assessment requirements. The
selection of analytical methods often involves tradeoffs
among the required detection limit, number of analytes
involved, precision and accuracy, turnaround time, and
cost. Some choices may conflict with others.

Costshouldbeconsidered only after themostappropriate
imethods have been determined. Methods requiring
specialized instrumentation, such as high resolution
mass specirometry, will be more expensive. Methods
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for use on matrices such as soil, can be more expensive
than similarmethods for a simpler matrix such a8 waier.
Less expensive methods often have higher detection
limits and less specific confirmation of identification,
However, the turnaround times are often guicker and a
larger number of samples can be analyzed. This often
significantly increases sampling precision and reduces
the probability of missing hot spots. Less expensive
methods are often chosen if the gite has already been
characterized by broad spectrum analyses. Inevaluating
routine methods, consider whether analysis of more
samples throngh use of less expensive methods can
provide a similar level of data quality to that achicved
through the use of more expensive methods on fewer
samples. By remaining aware of the effectof individual
issues on the data quality, the RPM can determine the
optimurm choices.

w Fisld analysis can be used to decrease
cost and turnaround time, providing data
from a broad spectrum analysis are
available.

In addition to turnaround time for analysis, time must
also be scheduled for data review. This will not hinder
the availability of laboratory and field data for
preliminary use if a tiered data review sequence is
incorporated.

Whenusing the tiered approach, consider the use of split
samples (i.e., sending sample splits for analysis by field
and fixed laboratories). Quantitative comparison can
then be made between the precision and accuracy of the
field analyses and those of the fixed laboratory.
Confirmation of identification by both field and fixed
laboratories also increases data confidence and
useability. Itisrecommended that field methods should
be used with at least a 10% rate of confirmation or
comparison by fixed laboratory analyses.



EXHIBIT 56. COMPARISON OF ANALYTICAL OPTIONS
FOR ORGANIC ANALYTES IN WATER

Quantitative . Precision &
Method MDL Confidence Timeliness Accuracy Comparability
FIELD SCREEN/FIELD ANALYSIS (Assumes preparation step)
GC(PCB) A v v y
GC (Pesticides) v - ¥ v
GC (VOA) v v Y
G C (Soil Gas) v V¥ _
GC (BNA) ¥ y y
PHOTO VAC
Detector Y
FIXED LABORATORY
CLP RAS
VOA + |
BNA v v
Pesticides . ¥
Dioxin ¥ N ¥
CLP LOW CONGC
GC + +
VOA ¥ v + y
BNA ¥ ¥ ¥ +
500 SERIES
GC + v
VOA «! Y v
BNA w’ 4 v
600 SERIES
GC + ¥
VOA v v |
BNA y v y
SWsde
GC v y
VOA ¥ \!
BNA + ¥
1600 SERIES
GC xf + V
VOA o ¥ V¥
BNA + ¥ V
Dioxin ¥ 4 )
PCDDs, PCDFs Y ¥ ¥
~ Key: v =Msthod strength -

21-002-055
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EXHIBIT 57. COMPARISON OF ANALYTICAL OPTIONS
FOR ORGANIC ANALYTES IN SOIL

Quantitative Preclsion &
Method _MDL C_onildence Timeliness Accuracy Comparability

'FIXED LABORATORY
CLP RAS
VOA 4
BNA {
Peasticides
Dioxin {2,3,7,8 TCDD) N ¥

2 2

SWs46
GC +
VOA +
BNA 4

B

1600 SERIES
GC ~
VOA
BNA
Dioxin

L
2 L
PP

" FIELD SCREEN
- GC(PCB)
GC(Pesticides)
GG(VOA)
GC(Soil Gas)
GC(BNA)
PHOTO VAC
Detector

R

L, L
B A N N

Key: < =Method strength

21-002-055-01
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EXHIBIT 58. COMPARISON OF ANALYTICAL OPTIONS.
FOR INORGANIC ANALYTES IN WATER AND SOIL

QuantHiative Precision
Method MDL Confldence  Timellness Accuracy ' | Comparability 2

' FIXED LABORATORY
~ CLPRAS

ICP + + N
GFAA \f o y A
Flame AA

200 Series
GFAA + + ~J ¥
AA .

ICP-MS’ y y v
ICP-Hydride®  ~

'FIELD SCREEN

XRF y
AA Y

| Key: V= Method strength

1
CLP inorganic water assays are more accurate and precise than soil assays.

2
ICP and GFAA are comparable at medium to high ppb levels. For As, Pb, Se, Tl and Sb at less than
- 20 ppb, GFAA is the method of choice. .

ICP-MS and ICP-Hydride methods are relatively new; therefore, precision, accuracy, and comparability
estimates based on large statistical sampling are not avallable,

21-002-055-02
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EXHIBIT 59. COMPARISON OF ANALYTICAL OPTIONS* FOR
ORGANIC AND INORGANIC ANALYTES IN AIR

' ' Quantltative - Precision &
* Method MDL Confidence Timeliness Accuracy  Comparability
FIXED LABORATORY
" CLP VOA
Cannister  2-5ppb v ¥
Tenax 2-30 ppb 1’ ¥
(for most)
CLPBNA  0.00001- N
0.001 ug/m3
CLP Metals _
3-10ng/m3 ¥

Key: ¥ = Method strength

*

~ The methods described are new Statements of Work,

21002056503
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Chapter 5
Assessment of Environmental Data for Useability in
Baseline Risk Assessments

This chapter provides guidance for the assessment and
interpretation of environmental data for vse in baseline
homan health risk assessments. Ecological risk
assessments follow a similar logic but may differ in
some details of sampling and analytical methodologics
and minimum data requirements. The discussion of
data assessment is presented as six steps that define the
assessment process for each data useability criterion.
Exhibit 60 lists the six criteria in the order that a risk
assessor would evaluate them, It also gives references
to the sections in this chapter where they are further
discussed.

EXHIBIT 60. DATA USEABILITY
ASSESSMENT OF CRITERIA

CRITERION |
Reports to Risk

Assessor
(5.1}

1

CRITERION I

Documentation
(5.2)

Y

CRITERICN Il

Data Sources
(5.3}

Y

CRITERION [V

Analytical Mathod and
Detection Limit
(5.4)

Y

CRITERION V

Data Review
(5.5)

Y

CRITERION V1

Data Quality
Indicators
(5.8)

21-Di2-080

The four basic decisions to be made from data collected
in the RI are:

» What contamination is present and at what levels?

+ Aresite concentrations sufficiently different from
background?

« Are all exposure pathways and exposure areas
identified and examined?

» Are all exposure areas fully characterized?

The uncertainty associated with each data wseability
criterion affects the level of confidence associated with
each of these decisions.

How to conduct the data assessment, The riskassessor
or RPM examines the data, documentation, and reports
for each assessment criterion (I - VI) to determing if
performance is within the limits specified in the planning
objectives. The data assessment process for each
critesion should be conducted according to the step-by-
step procedures discussed in this chapter. Minimum
requitements are listed for each criterion. Potential
effects of not meeting the minimum requirements are
also discussed and corrective action options are
presented. Exhibit 61 summarizes the major impact on
assessment if the minimum requirements associated
with each data useability criterion have not been met,

Acronyms

CLP Contract Laboratory Program

cv coefficient of variation

CRDL  contract required detection limit
CRQL  contract required guantitation limit
DQo data quality objective

GC gas chromatography

ICP inductively coupled plasma

MDL method detection Hmit

MS mass spectrometry

QA quality assurance

QC quality control

RAGS  Risk Agsessment Guidance for Superfund
RI remedial investigation

RME reasonable maximum exposure

RPD relative percent difference
RPM remedial project manager
SAP sampling and analysis plan
SOP standard operating procedure
SQL sample quantitation limit




EXHIBIT 61. MINIMUM REQUIREMENTS
CORRECTIVE ACTIONS FOR DATA

, IMPACT IF NOT MET, AND
USEABILITY CRITERIA

Impact on Rlsk

detection limit

Results on per-sample basis,

qualified for analytical
limitations

Sarmple quantitation fimits and

detection limits for non-
detects

Fleld conditions for media
and environmeant
Preliminary reports
Mateorologicat data

Figld reporis

Data Useability Minimum Corrective
Criterion ‘Requirement Assessm;:: :;:';ﬂteﬂon Actlion
5.1 Reportsto Risk | « Sile description « Unable to parform Roquest missing
Assessor * Sampling design with quantitative risk information
sample locations assessment Perform qualitative
* Analytical method and . risk assessment |

5.2 Documentation

Sample resuits refated to
geographic location

* Unable to assess
exposure pathways

Request locations
identified

Broad spectrum analysis for
one sample per medivm
per exposure pathway

Field measurements data
for media and environment

(chain-of-custody records, » Unable to identify Resampling
SOPs, field and anaivtical appropriate
racords} concentration for
exposure areas
5.3 Data Sourcas * Analytical data results for * Potential for false Resarnpling or
one sample per madium negatives or false reanglysis for
per exposure pathway positives critical samples

* Increasad variability in
exposure modaling

5.4 Analytical
Mathad and
Detection Limit

Routine (federally
documentad) methods used
o analyze chemicals of
poteniial concern in gritical
samples

* Unquantified precision
and accuracy
* False negatives

Reanalysis
Resampling or
reanalysis for critical
samplas
Documanted
statements of
liritation for non-
critical samplas

6.5 Data Review

Deﬁne'd level of data raview
for alf data

+ Potential for false
negatives or false
positives

* Increased variability and
bias due to analylical
procass, calculation
erfots or franscriplion
ernors

Perform data
raview

5.6 Data Quality
Indicators

Sampling variability
quantified for each analyte
QC sarnples to identify and
quantify precision and
accuracy

Sampling and

analytical pracision and
accuracy quantified

* Unable to quantify
confidence levels for
uncertainty

* Potential for false
negatives or false
positives

Resampling for
crifical samples
Perform qualitativa
risk assassment
Parform
quantitative

risk assessmant
for non-critical
samples with -
documentead
discussion of
petential limitations

23-2-06



The following activities should be performed for each

assessment Cl‘Itﬂl‘lOl'l .

«» Identify or determine perfomance objectwes and
minimum data requuements

Quanmatlveorquahtauvcperfonnanceobjecuves
_should be specified in the sampling and analysis
plan for all components of the acquisition of
environmental data (as discussed in Chapter 4).
The first step in assessing each criterion is 0
assemble these performance objectives and note
any changes. Performance objectives should also
.be compared with the minimum acceptable
requirements for data useability presented in this
chapter. These minimum requirements can be
adopted as performance objectives if objectives
were not specified. For example, the reguirement
that there must be a broad spectrum analysis for at
least one sample in each medium for each exposure
area would be a performance objective, if
performance were not specified during planning.

» Determine actual performance compared to
performance objectives. '

The next step in the assessment of each criterion is
to examine results 1o determine the performance
that was achieved for eachdatauseability criterion.
This performance should then be compared with
the objectives established during planning. Take
particular note of performance for samples or
analyses that are critical to the baseline risk
assessment, All deviations from the objectives
should benoted: In thosecases where performance
was better than that required in the objective, it
may be useful for assessment of future activities to
determine if this is due to unanticipated
characteristics of the siteorto superior performance
in some stage of the data acquisition. Corrective
action is the next step where performance does not
mieet performance objectives for data critical to
-the risk assessment.

« Determine and execute any corective action
required. :

w Focus corrective action on maximizing
the useability of data from critical samples.

Corrective action should be taken to improve data
useability when performance fails to meet objectives
for data critical to therisk assessment. Correctiveaction
options are descnbed in Exhibit 62. These options

require communication among the risk assessor, the

RPM, and the technical team. Sensitivity analysis may
be performed by the risk assessor to estimate the effects
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of not meeting performance requirements given the

© certainty of the risk assessment, Corréctive actions may

improve data quality and reduce uncertainty, and may
eliminate the need to qualify or reject data.

EXHIBIT 62. CORRECTIVE
ACTION OPTIONS WHEN DATA
DO NOT MEET PERFORMANCE

OBJECTIVES

» Retreve missing information.

+ Resolve technical or procedural
problems by requesting additional
sxplanation or clarification from the
technical team.

. Fl'equeét- reanalysis of sample(s}
from extract.

+ Request construction and
re-interpretation of analylicai results
from the laboratory or the project
chernist.

+ Request addifional sample
collection and analysis for site or
background characterization.

+ Model potential impact on risk
assessment uncertainty using
sensitivity analysis to determine
range of effect.

+ Adjust orimpute data based on
approved default options and
imputation routines.

*»  Qualify or reject data for use in risk
assessment.

24-002-062
Using a worksheet to organize the data assessment.
Thelevel of certainty associated with the data component
of risk assessment depends on the amount of data that

meet performance objectives. The risk assessor
determines whether the data for each performance
measure are satisfactory (data accepted), questionable
(data qualified) or unsatisfactory (data rejected). The
worksheet provided in this chapter may be used as a
guide or organizational tool.

Use the Data Useability Worksheet, Exhibit 63, to
document data assessment decisions. Record the
decision as accepted, accepted. with qualification, or
rejected for use in the risk assessment for each data



EXHIBIT 63. DATA USEABILITY WORKSHEET

Data Useability Criterion Decision

*

Comments

Reports to Risk Assassor

Documentation
A. Work Plan/SAP/QAP|P

B.SOPs

C. Field and
Analytical Records

]

Data Sources

A. Analytical

B. Non-analytical

Analytical Methods

Data Review

Decision: Accept, Qualifiled Accept, Reject
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EXHIBIT 63. DATA USEABILITY WORKSHEET

(Cont'd)
Data Useability Criterion Decision Comiments
Vit Data Quality Indicatots Sampling
A. Completeness Analytical
Combined
B. Comparability sampling
Analytical
Combined
C. Representativeness
Sampling
Analytical
Combined
D. Precision Sampling
Anaiytical
Combined
E. Accuracy sampling
Anaiytical
Combined

useability criterion. QOutline the justification for each
decision in the comments section.

The remainder of this chapter explains how to assess
data using the data useability criteria. Assessment of
Criterion I involves identifying the data and
documentation required for risk assessment (Section
5.1). Assessment of Criteria II through V examines
available data and results in terms of the assessment of
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data useability criteria for documentation (Section 5.2),
data sources (Section 5.3), analytical method and
detection limit (Section 5.4), and data review (Section
5.5). Criterion VI includes the assessment of sampling
and analytical performance (Section 5.6) according to
five- data quality indicators: completeness,
comparability, representativeness, precision, and

accuracy.



5.1 ASSESSMENT OF CRITERION I:
REPORTS TO RISK ASSESSOR

Minimum Requirements

+ Site description.

+ Sampling design with sample locations,
related to site-specific data needs and data
quality objectives,

* Analytical method and detection Limit,

* Results on per-sample basis qualified for
analytical limitations.

« Sample guantitation limits and detection
limits for non-detects.

+ FHeld conditions fofmediaandenvironment.
*  Preliminary reports,

» Meteorological data,

» Field reports.

Data and documentation supplied to the risk assessor
mustbeevaluated for completeness and appropriateness,
and to determine if any changes were made to the work
plan or the sampling and anatysis plan (SAP) during the
course of the work, The SAP discusses the sampling
and analytical design and contains the quality assurance
projectplan and data quality objectives (DQOs), if they
have been developed. The risk assessor should receive
preliminary and final data reports, as described in the
following sections.

5.1.1 Preliminary Reports

w [Ise preliminary data as a basis for
identifying sampling or analysis deficiencies
and taking corrective action,

- Preliminary analytical datareports allow the risk assessor

(obeginassessment assoon as the sampling and analysis
effort has begun, These initial reports have three
functions:

» The risk assessor can begin to characterize the
baseline risk assessment on the basis of actual
data, Chemicals of interest will be identified and
the variability in concentration can be estimated.

* Potential problems in sampling or analysis can be
identified and the need for corrective action can be
‘assessed. For example, additional samples may be
required, or the method may need to be modified
because of matrix interferences.
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* Rl schedules are more likely to be met if the risk
assessment process can begin before the final data
reports are produced. '

The major advantage of preliminary review of data by
the risk assessor is the potential for feedback and
corrective action while the RI is still in process. This
can improve the quality of data for risk assessment, -

5.1.2 Final Report

@ Problems in data useability due to sam-
pling vsually can affect ali chemicals
involved in the risk assessment; problems
due to analysis may only affect specific
chemicals, :

The minimum data reports and documeniation needed
to prepare the risk assessment are:

* Adescription of the site, including a detailed map
showing the location of each sample, surrounding
structures, terrain features, receptor populations,
indications ol airand water flow, and adescription
of the operative industrial process (if any),

* Adescription and rationale for the sampling design
and sampling procedures, '

* A description of the analytical methods used, -

* Results for each analyte and each sample, qualified
for analytical limitations, and a full description of
all deviations from SOPs, SAPs, and QA plans,

* Sample quantitation limits (SQLs) and detection.
limits for undetected analytes, with an explanation
of the detection limits reported and any
qualifications,

* Anarrative explanation of the level of data review

- usedand theresulting dataqualifiers. The narrative
should indicate the direction of bias, based on the
assessment of the results from QC samples (e.g.,
blanks and field and laboratory spikes), and

* A description of field conditions and physical
parameter data as appropriate for the media
involved in the exposure assessment,

It may not be possible to perform a quantitative baseline
riskassessment if any of these materials are notavailable
and cannot be obtained. The RPM or risk assessor
should attempt to retrieve missing deliverables from the
source,

Additional reports and data that are useful to the risk
assessor, such as data results on Contract Laboratory
Program (CLP) diskettes, are listed in Exhibit 19. Access



to this. information can improve the efficiency and
quality of the risk assessment. However, not having
access does notnecessarity require the data o bequalified
or rejected. Minimuwm requirements for reports to the
risk assessor are listed in Exhibit 61.

5.2 ASSESSMENT OF CRITERION II:
DOCUMENTATION

Minimum Reqguirements

. Sampleresultérelateﬂtogeographic location
(chain-of-custody records, SOPs, field and
analytical records).

Three types of documentation must be assessed: chain-
of-custody records, SOPs, and field and analytical
records. Chain-of-custody records for risk assessment
must document the sample locations and the date of
sampling so that sample resulis can be related to
geographic location and specific sample containers. If a
sample result cannot be related to a sampling date and
the point of sample collection, the results are unuseable
for quantitative risk assessmeni. Full scale chain-of-
custody procedures (from sample collection through
analysis) are required for enforcement or cost recovery.

SOPs describe and specify the procedures to be followed
during sampling and analysis. They are QA procedures
thatincrease the probability thatadatacollection design
will be properly implemented. SOPs also increase
consistency in performing tasks and, as a result,
determine the level of systematic error and reduce the
random - error associated with sampling and analysis.
Knowledge that SOPs were developed and folowed
increases confidence that the quality of data can be
determined, and the level of certainty in risk assessment
can be established. The existence of SOPs for each
process of activity involved in data collection is not a
minimum requirement, but SOPs can be useful if data
problems occur, particularly in assessing the
comparability of data sets, :

Field and analytical records document the procedures
followed and the conditions of the procedures. Field
and analytical records, such as field logs and raw
instrument output, may be useful to the risk assessor as
back-up documentation, but they are not minimum

reguirements. QC data from blanks, spikes, duplicates,

replicates, and standards should also be accessible, in
either raw or summary formats, to support qualitative or

quantitative assessments of the analytical results. Like

SOPs, such records are critical toresolving problems in
interpretation, but they may not directly affect the level
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of certainty of the risk assessment. Minimum
requirements for documentation are listed in Exhibit
61, '

5.3 ASSESSMENT OF CRITERION lik:
DATA SOURCES

Minimum Requirements

+ Analytical sample data results for each
medinm within an exposure area.

» Broad specirum analysis for one sample per
medium per exposure ares. '

+ Field measurements data for media and
environment,.

Data source assessment involves the evaluation and use
of historical and current analytical data. Historical
analytical data should be evalvated according to data
quality indicators and not source (e.g., andlytical
protocols may have changed significanily over time),

The minimum analytical data requirement for risk
assessment is that results are produced for each medium
within an exposure areausing abroad spectrum analytical
technique, such as GC-MS methods fororganic analytes
or ICP for inorganic analytes. The useability of data
will almost always increase as mote broad spectrum
analyses are performed for each exposure area. The
absence of a broad spectrum analysis from a fixed
laboratory results in an increased probability of false
negatives; all chemicals of potential concem at the site
may not be identified. In the absence of a broad
spectrum analysis, the best corrective action is to take
additional samples. If additional samples cannot be
obtained, the probability of false negatives and false
positives should be considered high, and the level of
certainty of the risk assessment is decreased.

The broad spectrum analysis, and any other analytical
data, are subject to the basic documientation and data
review requirements discussed in this chapter. The
location of the sample datapointmust beknown, as well
as the method and SQL achieved for analytical results.
Guidance for the assessment of analytical data to
determine false positives and false negatives and the
precision and accuracy of concentration results is
provided in Section 5.6.1.

Field measurements of physical characteristics of the
site, medium, ot contamination sourcearea critical data
source, whose omission can significantly affect the
ability of the risk assessor to perform a quantitative
assessment. Physical site information is alsorequired to
perform exposurefate and transportmodeling, Examples



of such data are particle size, pH, clay content and
porosity of soils, wind direction and speed, topography,
and percent vegetation. RAGS, Part A, Exhibit 4-2,
“Examples of Modeling Parameters for Which
Information May Need to be Obtained During a Site
Sampling Investigation,” (EP A 1089a) provides a list of
data elements according fo medinm modeling category.
These measurements must be collected during sampling.
The use of default options and routines to estimate
missing values allows the use of the model but increases
the uncertainty associated with the exposure assessments;

5.4 ASSESSMENT OF CRITERION IV:
ANALYTICAL METHOD AND
DETECTION LIMIT

Minimum Requirements

* Routine (federaily documentzd) methods
used to analyze chemicals of potential
concern in critical samples.

The risk assessor compares SQLs or method detection
limits (MDLs) with analyte-specific results to determine
their consequence given the concentration of concern.,
Assessment of preliminary data reports provides an
opportunity (o review the detection limits carly and
resolve any problems, When a chemical of potential
concern is reported as not detected, the result can only
beused with confidence if the quantitation limits reported
ar¢ lower than the corresponding concentration of
concernt. The minimum recommended requirement is
that the MDL be nomore than 20% of the concentration
of concern, so that the SQL will also be below the
concentration of concern. Chemicals identified above
this ratio of detection limit to concentration of concem
can be used with good confidence. For example, if the
concentration of concern for arsenic in groundwater is
70 ug/L for an average daily consumption of 2 L, of
water by a 70 kg adult, the detection limit of a suitable
+ method for examination of groundwater samples from
such a site should be no greater than 14 ug/L.. Minimum
requirements for analyticalmethods and detection limits
are listed in Exhibit 61,

Ifthe concentration of concer s less than orequal to the
detection limit, and the chemical of concemn is not
detected, do not use zero in the calculation of the
concentration term. When the MDL reported for an
analyte is near 1o the concentration of concem, the
confidence in both identification and quantitation may
be low. This is illustrated in Exhibit 64. Information
concerming non-detects ordetections atornear detection
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limits should be qualified according to the degree of
acceptable uncertainty, as described in Section 5.6.1.

The concentration of concern for ecological risk may be
different than the concentration of concern for human
health risk, In addition, aquatic life criteria should be
examined to determine if they are based on ecological
or human health risk.

5.5 ASSESSMENT OF CRITERION V:
DATA REVIEW

Minimum Requirements

» Defined level of data review for all data.

Data review assesses the quality of analytical results
andis performed by a professionat with a knowledge of
the analytical procedures. The requirement for risk
assessment is that only data that have been reviewed
according to a specified level or plan will be used in the
quantitative risk assessment. Any analytical errors, or
limitations in data that are identified by the review, must
be noted in the risk assessment if the data are used. An
explanation for qualifiers used must be included with
the review report.

All data should receive some level of review. The risk
assessor may receive data prior to the quantitative
baseline risk assessment that were not reviewed. Daia
that have not been reviewed must be identified because
the lack of review increases the uncertainty for the risk
assessment. These data may lead to false positive or
false negative assessments and quantitation errors,
Unreviewed data may also contain transcription errors
and calculation errors. Data may be used in the
preliminary assessment before review, but must be
reviewed at a predetermined level before use in the final
risk assessment,

Depending upon data user requirements, the level and
depth of the data review are variable. The level and
depth of the data review may be determined during the
planning process and must include an examination of
laboratory and method performance for the samples and
analytes involved. This examination includes:

» Evaluation of data completeness,
* Verification of instryment calibration,

* Measurement of laboratory precision using
duplicates; measurement of laboratory accuracy
using spikes,

¢ Examination of blanks for contamination,



EXHIBIT 64. RELATIVE IMPORTANCE OF DETECTION LIMIT -
AND CONCENTRATION OF CONCERN: DATA ASSESSMENT

Relative Position of Method
Detection Limit (MDL) and

Concentration of Concern (COC) Consequence
Confid
Confidence M[!)L oni l.?l’?‘l?ti
© Limits - :
Non-Detects and
Detects Useable
Concentration .
Possibility of
False Positives and
False Negatives
Concentration

Non-Detacts Not
Useable

Detects Useable

Possibility of False
Negatives

Concentration

=002 064

« Assessmentofadherencetomethod specifications 5.6 ASSESSMENT OF CRITERION Vi:
and QC limits, and DATA QUALITY INDICATORS
» Evaluation of method performance in the sample “Minimum Requirements
matrix.
. . ' ' . i iabilit; itated f
Specific datareview procedures are dependentupon the m;;ng variability quantitated for each
method and data user requirements. Section 5.6.1 -
details procedures for evaluating QC samples for » QC samples required to identify and
laboratory and method performance. CLP data review quantitate precision and accuracy.

procedures are performed according to criteria outlined

in National Functional Guidelines for Organic Dara + Sampling and analytical precision and

Review (EPA 1991¢) and Laboratory Data Validation: accuracy quantitated.
Functional Guidelines for Evaluating Inorganics The assessment of data quality indicators presented in
Analyses (EPA 1988¢). Minimum requirements for this chapter is significant to determine data useability.

data review are listed in Exhibit 61.
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EXHIBIT 65. CONSEQUENCES OF ALTERNATIVE SAMPLING
STRATEGIES ON TOTAL ERROR ESTIMATE

Envirenmental Statistical Classical s ‘3.9;* I Yos Censult a
Data ) Assumplions Model tﬁ::i:la Statistician

Group Data by Judgmental Yes

MadiumyStratem Modat

Non-Statistical
Treatment

h A

By Analyte

Multiple
Data Points

Precigion-CV for Each ) Estimate Statistical .
’ Analyte Performance

A

Reaguire
Performance
chigved?

Yes

Aocept
Probability
Missing iHot
Spot?

\‘ No

Add Samples

r

Meodify Parformance

Esti
Obleclive mate Sampling

Maasurement Error

No

Yes -
Significant Determina
Effect? . Corrective
Action
No
Accapt and Qualify Estimate Analytical
Dalz or Rejest Measurement Error
Yos
Significant g::m?:
Effect? Action
' Accept Quantitative .
il Bata
Total Error Estimates
21-002-065
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w Qualified data can usually be used for
quantitative risk assessmernts.

The assessment of data quality indicators for either
sampling or analysis involves the evaluation of five
indicators: completeness, comparability, represen-
tativeness, precision, and accuracy. Uncertainties in
completeness, comparability, and representativeness
increase the probability of false negatives and false
positives when the data are used to test particular
hypotheses as part of the site evaluation, This increase
in uncertainty can affect the confidence of chemical
identification. Variation in completeness, comparability,
representativeness, precision, and accuracy affects the
uncertainty of cstimates of average concentration and
reasonable maximum exposure (RME). Once the
indicatorisexamined or anumerical value is determined,
the results can be compared to the performance objectives
established during RI planning. This comparison
determines the useability of the data and any required
corrective actions.

A summary of the minimum requirements for data
gquality indicators is presented in Exhibit 61, and the
evaluation process is illustrated in Exhibit 65. Specific
requirements for each indicator are presented in the
following sections.

5.6.1 Assessment of Sampling and
Analytical Data Quality
Indicators

The major activity in determining the useability of data
based on sampling is assessing the effectiveness of the
sampling operations performed. Samples provided for
analysis must answer the four basic decisions to be
made with RI data in risk assessment (cited at the
beginning of this chapter) that are translated into site-
specific objectives based on scoping and planning
decisions. :

Independent data review evaluates laboratory results,
notsampling. Determining the useability of analytical
results begins with the review of QC samples and
qualifiers to assess analytical performance of the
laboratory and the method. It is more important to
evaluate the effect on the data than to determine the
source of the error. The data package is reviewed as a
whole for some criteria; data are reviewed at the sample
level for other criteria, such as holding time. Factors
affecting the accuracy of identification and the precision

“and accuracy of quantitation of individual chemicals,

such as calibration and recoveries, must be examined
analyte-by-analyte. The qualifiers used in the review of
CLP data are presented and their effect on data quality
is discussed in this scction, Exhibit 66 presents a

EXHIBIT 66. USE OF QUALITY CONTROL DATA FOR RISK ASSESSMENT

Quality Conirol Griterion Eftect on Identification When { Quantitative Bias Use
Criterion is not Met
Spikes (High Recaovery) - High Use data as upper limit.
Spikas (Low Recovery) False_Negalive1 Low Use data as lower limit.
Duplicates MNone, unless analyle found High or Use data as estimate--poor precision,
in one duplicate and not the Low2
other, Then either false
positive or false negative.
Blanks False Positive High Set confidence level 5x blank.
Use data above confidence level.
Usa data betow confidence lavel
as estimate.
Calibration - High or Use data as eslimale
Low2 unless problem is extreme.
Tune False Negative - Reject data or examine raw data and
uge professional judgment.
Intemal Standards 3 - - Use data as estimate--poor precision.
{Reproducibility) .
Internal Standards - Low Use data as lower limit.
{High Recovery}
internal Standards False Nega‘live1 High Use data as upper limit.
{Low Recavery)
1 False negative only lkely if recovery is near zaro.
Effect on bias determined by examination of dala for each individual analyte.
inciudes surrogates and system monitoring compounds.
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summary of the QC samples and the datause implications
of qualified data. Corrective action options are shown
in Exhibit 62.

Sample media can be more complex than expected in
environmental analysis. For example, sludge or oily
wastes may contain interfering chemicals whose
presence cannot be predicted in precision and accuracy
measurements. The risk assessor must examine the
reported precision [relative percent difference (RPD))]
andaccuracy [percentrecovery (%R)] data to determine
useability. Ranges used for rejection and qualification
of CLP data have been determined based on the analysis
of target compounds in environmental media. These
ranges, documented in the Functional Guidelines (EPA
1991e, EPA 1988e) can be used in the absence of
specifications in the planning documents,

Completeness. Completeness for sampling is
calculated by the following formula:

Percent — (Number of Acceptable Data Points) x 100

Completeness  ‘Total Number of Samples Collécted

This measure of completeness isuseful for data collection
and analysis management but misses the key risk
assessment issue, which is the total number of data
points available and acceptable for each chemical of
potential concern, Incompleteness should be assessed
to determine if an acceptable level of data useability can
still be obtained or whether the level of completeness
must be increased, eitherby further sampling or by other
corrective action. Any decrease in the number of
samples from that specified in the sampling design will
affect the final results. In this case, the option of
obtaining more samples should be reviewed.

Impact When Minimum
Requirements Are Not Met

Minimum Requirements
for Completeness

Corrective Action

+ Percentage of sample « Higher probability of false

cempletensss daterminad
during planning to mest
specified performance
measures.

100% of afl data for analytes
in critical samples (at least
one sample per medium per
exposure area).

Al} data from critical samples
conhsidered crucial,
Background samples and
broad spectrum analyses are
usually critical.

negatives,

Reduction in confidence
level and power.

A reduction in the number of
samples reduces site
coverage and may affect
representativeness. Data for
critical samples have
significantly mere impact
than incomplets data for
non-critical samples.

Useability of data is
decreased for critical
samples,

Useability of data is
potentially decreased for
non-critical samples,

Reduced ability to
diffsrentiate site levels from
background.

Impact of incompleteness
generafly decreases as the
nhumber of samples
increases.

+ Resampling or reanalysis to
fill data gaps.

* Additional analysis of
samples already at
taboratory.

« Determine whether the
missing data are crucial to
the risk assessment (i.e.,
data from critical samples).
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Typical causes for sample attrition includesite conditions
preventing sample collection (e.g., a well runs dry),
sample breakage, and invalid or unuseable analytical
results. Incompleteness can increase the uncertainty
involved in risk assessments by reducing the available
numberof samples on which identification and estimates
of concentration of chemicals at the site are based. The
reduction in the number of samples from the original
design Turther affects representativeness by reducing
site coverage and increases the variability in
concentration estimates, Only the collection of additional
samples will resolve the problem, unless the samples
involved were duplicates or splits. In this case, orif the
cause was laboratory performance, the extracts may be
considered for reanalysis.

Completeness for analytical data is calculated by the
following formula:

(Number of Acceptable Samples) %.100
Total Number of Samples Analyzed

Percent -
Completeness

The completeness for analytical data required for risk
assessmentis defined as the number of chemical-specific
data resuls for an exposure area in an operable unit that
are determined acceptable after data review,

An analysis is considered complete if all data generated
are determined to be acceptable measurements as defined
in the SAP. Results for each analyte should be present
for each sample. In addition, data from QC samples
necessary o deterinine precision and accuracy should
be present. QC samples and the effects of problems
associated with these samples are discussed later in this
section.

Comparability. Comparability is not compromised
provided that the sampling design is unbiased, and the
sampling design or analyticalmethods have not changed
over time. If any of these factors change, the risk
assessor may experience difficulties in combining data
sets to estimate the RME. The determination of the
RME is based on the principal of estimating risk over
time for the exposure area, The ideal situation occurs
when samples can be added within the basic design,
decreasing the level of uncertainty,

& Anticipate the needtocombine data from
different sampling events and/or differant
analytical methods.

Comparability is a very important qualitative data
indicator for analytical assessment and is a critical

Minimum Requirements
for Comparabillity

Impact When Minimum
Requirements Are Not Met

Corrective Action

Unbiased sampling design or
documented reasons for
salecting another sampling

" design.

The analytical methods used
must have common analytical
parameters.

Same units of measure used
in reporting.

Similar detection limits.

Equivalent sample
preparation techniques.

+ Non-additivity of sample
resuits.

* Reduced confidence, power,
and ability to detact
differences, given the
number of samples
available.

* Increased overall error.

For Sampling:

= Statistical analysis of effects
of bias.

For Analytical Data;

* Preferentially use those data
that provide the rmest
definitive identification and
guantitation of the chemicals
of potential concetn. For
organic chemical
identification, GC-MS data
are preferred over GC data
generated with other
detectors. For quantitation,
examine the precision and
accuracy data along with the
reported detection limits.

+ Reanalysis using comparable
methods,
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parameter when considering the combination of data
sets from different analyses for the same chemicals of
potential concern. The assessment of data quality
indicators determines if analytical results being reported
are equivalent to data obtained from similar zamatyses,
Only comparable data sets can readily be combined for
the purpose of generating a single risk assessment
calculation.

The use of routine methods simplifies the determination
of comparability becanse all laboratories use the same
standardized procedures and reporting parameters. In
other cases, the tisk assessor may have to consult with
an analytical chemist to evalnate whether different
methods are sufficiently comparable to combine data
sets. The RPM should request complete descriptions of
non-routine methods, A preliminary assessmentcan be
made by comparing the analytes, useful range, and
detection limit of the methods. If different units of
measure have been reported, all measureménis must be
converted to a common set of units before comparison.

Representativeness. Representativeness of data is
critical to risk assessments. The results of the risk
assessment will be biased to the degree that the data do
not reflect the chemicals and concentrations present in
the exposure area or unit of interest. Non-representative
chemical identification may result in false negatives.
Non-representative estimates of concentration levels
may be higher or lower than the true concentration.
.Non-representative sampling can usnally only be

resolved by additional sampling, unless the potential
limitations of the risk assessment are acceptable,

It is important to determine whether any changes have
occurred in the actual sample collection that convert an
originally unbiased sampling planinto a biased sampling
episode. Bias in unbiased designs is difficult to assess
because no measure of the true value is known. Bias is
assumed in non-statistical designs,

Representativeness is primarily a planning concern.
The solution is in the design of a sampling plan that is
representative. Once the design is implemented, only
the sampling variability is evaluated during the
assessment process, unless contamination occurs in the
QC samples or blanks, or problems exist during sample
preparation that affect sample resnlts. Incompleteness
of data potentially decreases representativeness and
increases the potential for false negatives and the bias in
estimations of concentration.

Representativeness is determined by examining the
sampling plan, as discussed in Section 3.2. In
determining the representativeness of the data, the
evaluator examines the degree to which the data meet
the performance standards of the method and to which
the analysis represents the sample submitted to the
laboratory.  Analytical data quality affects
Tepresentativeness since data of low quality may be
rejected for use in risk assessments. Holding time,
sample preservation, extraction procedures, and results

- Minimum Requirements
for Representativeness

Impact When Minimum
Requiraments Are Not Met

Corrective Actlon

"+ Sample data representative
of gxposure area and
operable units,

of RME.

+ Bias high or low in estimate

* Additional sampling.

. Examinatidn of effects of

* Documented sample
preparation procedures,
Filtering, compositing, and
sampla preservation may
affect rapreseniativeness.

* Documented analytical data
as specified in the SAP,

+ Incraased likelihood of false

negatives,

* Inaceurate identification or

estimate of concentration
that leads to inaccurate
calculation of risk,

= Remaining data may ne

longer sufficiently reprasent
the site if a large portion of
the data are rejected, or if all
data from analyses of

. sampfes at a specific Jocation
are rejected. :

sample preparation
precedures.

For critical samples,
reanalyses of samples or
resampling of the affected
site areas. For non-critical
samples, reanalyses or
resampiing should be
decided by the RPM in
consultation with the
technieal team.

If the resampling or
reanalyses cannot be
performed, document in the
site assessment report what
areas of the site are not
represented due to poor
quality of analytical data,
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from analyses of blanks affect the representativeness of
analytical data (see Appendix V), '

Precision. The two basic activities performed in the
assessment of precision are estimating sampling
variability from the observed spatial variation and
estimating the measurement etror attributable to the
data collection process. Assumptions ¢concerning the
sampling design and datadistributionsmustbe examined
prior to interpreting the results. This examination will
provide the basis for selecting calculation formulas and
knowing when statistical consultation is required.

The type of sampling design selected is critical to the-

estimation of sampling variability as discussed in
Sections 3.2 and 4.1. If the sampling design is
judgmental, the nature of the sampling error cannot be

determined and estimates of the average concentrations -

of analytes may not be representative of the sie.

= Deatermine the distribution of the data
before applying statistical measures.

The nature of the observed chemical data distribution’
affects estimation procedures. The estimation of
variability and confidence intervals will become compiex
if the distribution cannot be assumed mormal or to
approximate normal when transformed to log normal.
Estimates of the 95% upper confidence limit of the
average concentration for the RME should be based on
an analysis of the frequency distribution of the data
whenever the database is sufficient 0 support such
analysis. Statistical tests may be nsed to compare the
distribution of the observed data with the normal or log
normal distribution (Gilbert 1987). Graphs of data
without statistical test results mnay also beacceptable for
some data sets. Statistical computer software can assist
in the analyses of data distribution. .

Sampling variability, Exhibit 67 summarizes the

assessment procedures for the evaluation of variability
from different sampling procedures. The estimation of
confidence levels, power, and minimum detectable
relative differences requires assumptions about the
coefficients of variation from sampling variability for.

Minimum Requirements
for Precision

Impact When Minimum
Requirements Are Not Met

Corrective Action

as specified in DQOs).

= Analytical duplicates and .
" gplits as specified in the SAP.

* Measurement error specified.

« Confidence level ¢f 80% (or " » Errors in decisions to act or
not act based on analytical

- data..
-+ Power of 20% (or as specified i _ information from available

in DQOs). : » Unacceptable leve! of data thal are known to be
. ‘uncertainty. representative,

+ Minimum detectable relative _ _ -
ditferences specified in SAP * Increased variability of = Adjust performance
and modified after analysis of quarititative results. - objectives.
background samples if :
necessary. + False negatives for For Analysis:

measurements near the

= One set of fisld dupficates or “detection limits. ' » Analysis of new duplicate

more as specified in the SAP. samples.

For Sampling:

= Add s_an.'l.ples based on

+ Review laboratory protocols
te ensure comparability.

s Use precision measure-
ments to determine
confidence limits for the
effects on the data.

* The risk assessor can use -
the maximum sample results
to set an upper bound on the
uncertainty in the risk
assessment if there is too
much variability in the
analysss.
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EXHIBIT 67. STEPS TO ASSESS SAMPLING PERFORMANCE

1. Confirm stalistical assumptions.

2. Summarize anaiyte detection data by strata: media within site or site subgroups
and strata within media.

3. Transform analyte concentration data so distribution is approximately normal.

4. Calculate the coefficient of variation for each analyte detected.

5. Using Exhibit 47 "Relationships Between Measures of Stafistical Perfermance
and Number of Samples Required," look up the range of power, confidence
level and minimal detectable relative differences for the calculated
coefficient of variation.

6. Compare the statistical performance measures required to those achisvable
given the coefficient of variation and sample size.

7. lithe performance objectives are achieved, go to Step 9.

If the required statistical performance levels are not met, then additicnal samples
must be taken or one or more of the performance parameters must be changed.

If samples are to be added, Exhibit 47 and the calculation formulas in Appendix
IV can be used to determine the number needed.

8. i the performance parameters are to be changed, the parameter to be changed

appropriate corrective action.

each chemical of potential concern. The RPM or risk
assessor shoukd discuss the implications of these
assamptions with a statistician to determine their
potential impacts on data useability.

w Dotermine the statistical measures of
performance most applicable to site
conditions before assessing data useability.

Once the statistical assumptions and observed analyte
variability are known, selected statistical performance
measures can be assessed to determine the data quality
achieved. Additional samples may be needed, or
maodified DQOs required, as a result of evaluating
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should be the one which will increase the probability of taking unnecessary
action as opposed to unnecessary risk.

8. Examine the results of the QC samples. Sample results must be sonsidered to
be qualitative if no results are available for QC samples.

10.  if the QC sample results indicate possible bias through contamination, take

21-002-067

sampling variability. Three issues are involved in the
assessment of required statistical performance:

* Level of certainty or confidence,
« Power, and
* Minimum detectable relative difference.

The required level for each of these performance
measures should be included in the SAP as DQOs. The
user’s data quality requirements defined by these
statistical measures determine the number of samples
that are taken during data collection. Recommended
minimum statistical performance parameters for



discriminating contaminant concentraiions from
background levels in risk assessment are provided in
Exhibit 68.

EXHIBIT 68. RECOMMENDED
. MINIMUM STATISTICAL
PERFORMANCE PARAMETERS FOR
RISK ASSESSMENT

Null Hypothesis: On-site Contaminant
Concenfrations are not Higher than
the Background

« Confidence leval: i
80% minimum, reject null when true (take
unnecessary action).

+ Power: 2
90% minimum, accept null when false {faif to
take action when action is required).

« Minimum detectable relative difference:
10% - 20%, usually depends on concentration
of concern.

1 (tfalse positive estimate) or (1 ).
2 ({false negative estimate) or (1 P}.

Source: EPA 1989f,
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First, summarize the sample results at the analyte level
by stratum and strata within media to determine whether
the performance objectives have been met. Sampling
error is not relevant if a particular combination of
stratum and analyte yields only a single data point. In
that case, assessment proceeds to thatof analytical error
for that stratum and analyte combination.

The distribution for stratum and analyte combinations
with multiple data points should usually be examined
for normality and transformed to log normal. The
coefficient of variation is calculated for each stratum
and analyte combination. If the distribution resulting
from the transformation is not normal, a new
distributional model will need to be identified and
validated in consultation with a statistician, Nom-
parametric procedures which require no distributional
assumptions may also be nsed.

Conversely, the statistical performance achieved canbe
determined, given the coefficient of variation. This
performance should be compared to the requirements
stated in planning. If the performance objectives are
achieved, the risk assessor can proceed to the assessment
of measurement error,
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If the required statistical performance objectives are not
met, additional samples must be taken, or one (or more)
of the performance parameters must be changed, If
samples are added, the tables and formulas provided in
Chapter4 and Appendix IV can be used to calculate the
number of samples required. Ifa performance parameter
is changed, it should be the one that will increase the
probability of taking unnecessary action as opposed ©
an increased probability of unnecessary risk. The
uncertainty ievel will thenbe reduced first, the minimuam
detectable relative difference will be increased second,
and the level of power will be reduced last. Minimum
recommended levels for performance parameters in
risk assessment int the absence of site-specific DQOs are
80% confidence levels, 90% power, and 10-20%
minimum detectable relative differences (EPA 19851).
Exhibit 68 summarizes the recommended DQOs for
statistical performance parameters.

Measurement error. Measurement error is estimated
using the results of field duplicate samples. Field
duplicates determine total within-batch measurement
error, in¢luding analytical error if the samples are also
analyzed aslaboratory duplicates. The estimateis of the
difference between analytical values reporied for
duplicates. This type of variation has four basic sources:

“sample collection procedures, sample bandling and

storage procedures, analytical procedures, and data
processing procedures.

The formula for computing the relative percent difference
between duplicates is:
RPD = Ri-R} x100

R, +R)/2

- where R, and R, are the results from the first and second

duplicate samples, respectively. Precision is a measure
of the repeatability of a single measurement and is
evaluated from the results of duplicate samples and
splits.

Low precision can be caused by poor instrument
performance, inconsistent application of method
protocols, or by adifficult, heterogeneous sample matrix.
The last effect can be distinguished from the others by
evaluation of laboratory QC data.

If splitsamples have been analyzed by different methods
or different laboratories, then data users have a measure
of the quality of individual techniques, Splits are
particularly effective when one laboratory is areference
laboratory. If both sets of data exhibit the same problems,
then laboratory performance can usually be ruled out as
asource of error, Splits are also useful when vsing non-
routine methods or comparing results from different
analytical methods,



Accuracy. Accuracy is a measure of overestimation or
underestimation of reported concentrations and is
evaluated from the results of spiked samples. The
procedure for determining accuracy will vary according
to differences in the number of measurements and the
precision of the estimates. Data that are not reported
with confidence limits cannot be assigned weights
based on precision and should not be combined for use
(Taylor 1987),

Spiked samples are particularly useful in the analysis of
complex sample types because they help the reviewer
determine the extent of bias on the sample measurement.
A setof standards atknown concentrations is mixed into
a portion of the sample or into distilled water prior to
sample preparation and analysis. The analytical results
are compared o the amount spiked to determine the
level of recovery. It is important to note that unless
every sample is spiked, spike recoveries indicate only a
trend rather than a specific quantitative measure,

Accuracyiscontrolled primarily by the anal ytical process
and is reported as bias. The absolute bias of a sampling
design cannot be determined unambiguously because
the tme value of the chemicals of concernin the exposure
arca can never be known, However, statistically based
sampling designs described in Chapter 4 are structured
to produce unbiased results.

Bias can be estimated using field spikes on field

comparability of results. These estimates will reflect
the effects of sample collection, handting, holding time,
and the analytical process on the result for the sample
collected.

Bias is estimated for the measurement process by
compating the percent recovery (%R) for the spiked or
reference compound as follows:

Because of the inherent problems associated with the
spiking procedure and the interpretation of recovery,
spikes are considered minimum requirements only if
specified in the SAP. Field matrix spikes are currently
not recommended for use in soils (EPA 19891),

Field blanks are evaluated to estimaie the potential bias
caused by contamination from sample collection,
preparation, shipping and/or storage. Results for the
analysis of field blanks indicate whether contamination
resulted in bias, but they are not estimates of accuracy.
Bias pertaining to analyﬁcal recoveries is computed as
follows:

Percent _

evaluation or audit samples to assess the accuracy and

Bias

Amount Sgikod

Minimum Requirements
for Accuracy

Impact When Minimum
Requirements Are Not Met

Corrective Action -

Field spikes to assess
accuracy of non-detects and
positive sample results if
specified in the SAP,

. Analytical spikes as
‘specified in the SAP.

Use analytical methods
(routine methods whenever
possible) that specify

- expected or required
recovery ranges using
spikes or other QC
measures.

No chemicals of potential
concern detected in the
blanks,

_* Increased potential for false

nagatives. If spike recovery
is low, it is probable that the
method or analysis is biased
low for that analyte and
values of all related samples
may underestimate the
actual concentration.

+» [ncreased potential for false
positives, If spike recovery

exceeds 100%, interferances

may be present, and itis
probable that the method or
analysis is biased high.
Analytical results
overasiimate the true
concentration of the splked
analyte.

+ Consider resampling at

affected locations.

No correction factor is
applied to CLP data on the
basis of the percent recovery
in calculating the analyte
eoncentration.

If recoveries are extremely
low or extremely high, the
risk assessor should consult .
with an analytical chemist to
identify a more appropriate
meathod for reanalysis of the
samples.
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Blanks are of primary concern for the analysis of bias
- involved in sampling because of the difficulty in
performing field spikes and the availability of appropriate
reference standards and matrix for evalvation samples.

Results from blanks can be used to estimate the extent
ofhigh bias in the event of contamination. The following
procedures should be implemented to prevent the
assignment of false positive values due to blank
contamination:

+ If the field blanks are contaminated and the
laboratory blanks are not, the RPM or risk assessor
can conclude that contamination occurred prior to
receipt of the samples by the laboratory. If the
contamination is significant (i.e., it will interfere
with the determination of rigk), considerresampling
at affected locations.

« If it is not possible to resample, the RPM or risk
assessormust assess the effect of the contamination
on the potential for false positives. Often, this
determination can be made by examining data
from samples located nearby. I all samples and
blanks show the same level of a particularchemical,
the presence of the chemical in the samples is most
likely due to contamination.

« If the laboratory blanks are contaminated, the
laboratory should be required to rerun the
associated analyses. This is especially important
in the case of critical analytes or samples. Before
reanalyses, the laboratory must demonstrate
freedom from contamination by providing results
of a clean laboratory blank. Note: If laboratory
blanksarecontaminated, field blanks will generally
also be contaminated.

+ If reanalysis is not possible, then the sample data
must be qualified. The Functional Guidelines
provide examples of blank qualification.
Chemicals detected in the associated samples
below the action level defined in the Functional
Guidelines are considered undetected.

Data qualifiers. All data gencrated by the routing
analytical services of the CLPare reviewed and qualified
by Regional representatives according to the guidelines
found in the Functional Guidelines as modified tofitthe
requirements of the individnal Regions.

w Use data qualified as U or J for risk
assessment purposes,

Analytes qualified with a U are considered “not
detected.” If precision and accuracy are acceptable (as
determined by the (JC samples), data are entered in the
data summary tables in the data validation report as the
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SQL orcorrected quantitation limit (MDL corrected for
dilution and percent moisture), and qualified with a U.
Note that the same chemical can be reported undetected
ina series of samples at different concentrations because
of sample differences.

Data qualified with an R are rejected because
performance requirements in the sampleor inassociated
QC anatyses were not met. For example, if a mass
spectrometer “tune™ isnot within specifications, neither
the identification nor quantitation of chemicals can be
accepted with confidence. Extremely low recoveries of
a chemical in a spiked sample might also warrant an R
designation for that chemical in associated samples
because of therisk of false negatives (see Appendix VI).

Data qualified with a J present amore complex issue. I-
qualified data are considered “estimated” because
quantitation in the sample or in associated QC samples
did not meet specifications. The justification for
gualifying the data should be explained in the validation
report. Draft revisions of the Functional Guidelines
propose that the justification be included on a qualifier
summary table submitted with the validation report.

Data can be biased high or low when qualified as
estimated. The bias can often be determined by
examining the results of the QC samples. For example,
if interfering levels of aluminum are found in inorganic
analysis of the interference check sample, the sample
results are probably biased high because the signal
overlap is added to the signal being reported, When
volatile organic compounds are qualified J for holding
fime violations, the results are usually biased low because
some of the volatile compounds may have volatilized
during storage.

Data associated with contaminated blanks are not
considered estimated and are not flagged J, The presence
of the blank contaminant chemical in the analytical
samples is questionable at levels up to 5 to 10 times
those found in the blank, depending on the nature of the
analyte. Anactionlevel is determined foreach chemicat
based on the quantity found in the blank, Dataabovethe
action level are accepted without qualification and data
between the contract required quantitation limit (CRQL)
and the action level are qualified U (undetected).

Estimated organics and inorganics data that are below
the CRQL or contract required detection limit (CRDL)
are qualified as UJ. This qualifier signifies that the
quantitation limit is estimated because the QC results
did not meet criteria specified in the SAP.

Other qualifiers may be added to the analytical data by
the laboratory. A set of qualifiers (or flags) has been
defined by the CLP for use by the Iaboratories to denote



problems with the analytical data. These qualifiers and
their potential use in risk assessment are discussed in
RAGS (EPA 1989a).

5.6.2 Combining the Assessment of
Sampling and Analysis

Once the quality of the sampling and analysis effort has
been assessed vsing the five data quality indicators,
combine the results to determine the overall assessment
of a particular indicator across sampling and analysis.
Combining the assessment for completeness,
comparability, and representativeness is discussed in
this sectionasaqualitative procedure. Statistical models
arc available for combining data sets with different
variability and bias. The risk assessor should consulta
chemist or statistician if the magnitude of the sampling
and analysis effort warrants the use of a formal statistical
treatment of comparability.

The basic model for estimating total variability across
sampling and analysis components is presented in Exhibit
69. An example of a non-statistical approach to
combining the assessmentresults is given in Exhibit 70.
Using this approach, each data quality indicator is

assessed to determine whether a problem exists in either
sampling or analysis. This assessment leads to different
combinations of problem determination. For example,
completeness may have been a problem in sampling
[YES] but not a problem in analysis [NO]; the

-combination is [YES/NQ].

Basic guidance is given on the combinations of sampling
and analysis once assessment patterns based on the
determination of aproblem have been established. This
guidance is qualitative in nature and is presented to
assistin organizing the data assessment problem for the
application of professional judgment. If the assessment
patternis [INO/NOY, the issue of combining results is not
aproblem. Conversely, if the patternis [YES/YES), the
issue of combining results is an issue ofthe effects of the
combined magnitudes. Instances of combined sampling
and analysis problems for a single indicator will have
significant effects on the risk assessment uncertainty.
The most complicated assessment patiern to interpret is
encountered when a problem occurs in one area but not
in another {¢.g., in sampling but not in analysis). This
situation is briefly discussed for each indicator in the
following sections,

EXHIBIT 69. BASIC MODEL. FOR ESTIMATING
TOTAL VARIABILITY ACROSS SAMPLING AND
ANALYSIS COMPONENTS

2 2 2
61 = O;_n-i- Gp
where oy = total variability
G,, =measurement variability
G, =POp ulation variability
2 2 2 2 2
T = % + % + T+ + G
whare o, =sampling variability (standard deviation)

& = handling, transportation and storage variability
Qs = preparation variability (subsampling variability)
O, = laboratory analytical variability

9, = between baich variability

NOTE: Itis assumed that the data are nomally distributed or that a
normalizing data transformation has been performed.

Solrce: EPA 1990c.

21-002-069
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EXHIBIT 70. COMBINING DATA QUALITY INDICATORS FROM
SAMPLING AND ANALYSIS INTO A SINGLE ASSESSMENT

OF UNCERTAINTY
Assessment of Problems Combined Sampling
Data Quality and Analytical
Indicators Sampling Analytical Determination
— —_— — —_— YES/YES
YES YES :
Completeness YES/NOG
NO NO NO/YES
— —_— e — YES/YES
YES YES
Comparability YES/NC
NO NO NO/YES
— —_— — YES/YES
YES YES
Representativeness YES/NO
NO NO NO/YES
— — — — YES/YES
YES TES YES/NO
Precision
’ NO NO NO/YES
— —_ — — YES/YES
YES - YES VES/NO
Accuracy
NO NG NO/YES
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The combination [NO/NO]J indicates that the data quality indicator will not affect the
level of uncertainty in data useability.




Completeness. A sample is considered incomplete for
all analytes. Analyiicalincompletenessis usually related
to particular analytes. In this instance [YES/YES], the
effect on the risk assessment will vary according to
chemical, For some chemicals, the data points will be
lost in both sampling and analysis.

The effects of a loss in the number of sample points for
a particular chemical can be substantial. For example,
if collection of 10 samples was planned and one sample
could not be collected because of site access problems,
one was broken in transport, and the laboratory
experienced analysis problems with three samples for
the chemical of potential concern causing the data to be
rejected, then only five data points remain.

If the assessment pattern is [YES/NOJ, the effects are
distributed across all chemicals involved in the risk
assessment, If the pattem is [NO/YES], the effects are
localized to the particular chemical affected.

Comparability. Comparability problems in sampling
are primarily due to different sampling designs and time
periods. Seasonal variations are treated like spatial
variations because the risk assessment is calculated as
risk over time. Data can be averaged and considered as
a single data set. For analytical data, comparability
problems are related primarily to the use of different
methods and Iaboratories. A pattern of [YES/YES] will
indicate that the risk assessor will have considerable
difficulty in combining the various data sets into a
single assessment of risk. Insitnations of [YES/NOJor
[NO/YES], the problem of sampling comparability is
more difficult to resolve, Models exist for determining
comparability between methods and integrating results
across laboratorics. These models involve the generat
statistical approach to confirming data sets with different
but known variability and bias (Taylor 1987),
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Representativeness. Representativeness in sampling
iscritical totherisk assessment. Non-representativeness
affects both false negatives (chemicals not identified)
and estimates of concentration and, therefore, affects
estimates of RME. Analytical representativeness
involves the question of whether the analytical results
represent the sample collected. For example, holding
times and sample preservation can cause the analytical
results not to be representative of the sample collected.
These questions should be treated separately in the
discussion of effects. -

Precision. The contribution to imprecision from
sampling variability often exceeds that from analytical
variability in the measurement process. If precision is
a problem in both sampling and analysis, the risk
assessor should focus on the impact of sampling
variability onthe estimate of RME. Analytical variability
willbe minimal in comparison to the effects of sampling
vatiability unless the sampling variability is untypically
low and the analytical variability is untypically high,

Accuracy. The assessment of accuracy in sampling is
focused primarily on recoveries from spiked or
perfermance evaluation samples.  Analytical
performance and potential blank contamination are
reflected in analytical spike recoveries, If the pattern is
[YES/YES] for accuracy, this may require assessment
of calibration, or of potential blank contaminants, and
integration of their possible effects by comparison of
results from laboratary and field QC samples.

If the accuracy pattern is [NO/YES], then the issue is
analytical performance. Low variability in sampling as
measured by low coefficients of variation for chemicals
of potential concem should increase the risk assessor’s
concern over an analytical accuracy problem.

High sampling variability (CV>25%)will greatlyreduce
the effects of analytical bias on the level of certainty of
the risk assessment.



Chapter 6
Application of Data to Risk Assessments

This chapter provides guidance for integrating the
assessment of data useability to determine the overall
level of uncertainty of risk assessment, This gmdancc
builds on each of the previous chapters.

« Chapter 2 explained the risk assessment prooess
and the roles and responsibilities of key
participants. Exhibit 5 defined a continuum of
level of certainty in the baseline risk assessment
result based on the ability of the risk assessor to
quantitate or qualify the level of uncertainty
associated with the analytical data.

= Chapter 3 defined six data nseability criteria and
examined preliminary issues that mnst be
considered while planning sampling and analysis
activities to increase the certainty of the analytical
data collected for the risk assessment,

» Chapter 4 presented strategies for planning
sampling and analysis activities based on the six
data useability criteria,

« Chapter 5 describedhow touseeach datauseability
criterion to determine the effect of sampling and
analysis issueson data quality and on the useability
of data in baseline risk assessment.

The Data Useability Worksheet (Exhibit 63) assists the
risk assessor in summarizing data quality across the
various assessment phases. This worksheet is the basis
for this chapter”s discussion of the impact of analytical
data quality on the level of certainty of the risk
assessment,

6.1 ASSESSMENT OF THE LEVEL OF
CERTAINTY ASSOCIATED WITH
THE ANALYTICAL DATA

This section explains how to assess the level of
confidence in sampling and analytical procedures in the
countext of the four major decisions to be made by the
risk assessor with environmental analytical data, Exhibits
in this section apply the data useability criteria, defined
in Chapter 3 and appearing on the Data Useability
Worksheet, to these four decisions. Data useability
criteria affect the level of confidence involved in each
decision. The level of certainty in the dalta collection
and evaluation component of risk assessment affects the
overall certainty of the risk estimate.
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6.1.1 What Contamination is Present
and at What Levels?

The risk assessor’s first task is to use analytical data to
determine what contamination is present at the site and
at what levels (i.e., what potential exists for increased
risk from the contamination). Exhibit 71 lists the
criteria from the Data Useability Worksheet that affect
this decision. The most criticat analytical data question
to be answered before calculating the risk is the
probability of false negatives or false positives, False
negatives are of greater concem in risk assessment than
false positives, since false negatives may result in a
decision that would not be protective of human health.

False positives cause the calenlated risk to be biased

high, and are of concem because taking unnecessary
action at a site is costly,

w The major concern with false negatives
is that the decision based on the risk.
assessment may not be protective ofhuman
health.

Probability of false negatives. False negatives occur
when chemicals of potential concern are present but are
not detected by the sampling design or the analytical
method. The probability of false negatives can be
determined by using the following parameters from the
Data Useability Worksheet: analytical methods, data
review, sampling completeness, sampling
representativeness, analytical completeness, analytical
precision and accuracy, and cambined error.

w False negatives can occur if sampling is
not representative, if detection limits are
above concentrations of concern, or if spike
recoveries are very low.

Sampling strategies can increase the probability of false
negatives if too few samples were taken or if sections of
the site were not sampled. The probability of false
negatives increases if sampling of any exposure pathway
was nhot representative.

Knowledgeof analyte-specificdetection limits is critical
to determining the probability of false negatives,
Recovery values from spikes, internal standards,

Acronyms

RAGS
SAP
SOP

Risk Assessment Guidance for Superfund
sampling and analysis plan

standard operating procedure




EXHIBIT 71. DATA USEABILITY CRITERIA AFFECTING
CONTAMINATION PRESENCE

Worksheet Data Useability Pata Collection and
Reference Criterfon Evaluation Declsion

1 Reports to risk assessor

2B Documentation (SOPs)

2C Documentation (analytical records)

3A Data sources (;malylical) What contamination is

4 Analytical methods ;

5 . Data review * preser;;:gg ,? t what

6A Completeness (analytical)

6C Representativenass (sampling)

8D Pracision (analytical)

6E Accuracy {(sampling and analytical)

21002071

surrogates, and system moenitoring compounds are used
toassess thelevel of accuracy and precision in laboratory
data and determine whether the detection limits stated in
the analytical methods have heen met,

» 'The probability of false negatives for an analyte is
high if the concentration of concern is at or below
the detection limit. This probability should have
been documented during planning if no analytical
methods were found with detection limits below
the concentration of concern, If the concentration
of concern is very near the detection limit, a false
negative can occurbecauseof “drift” ininstrument

_response. This behavior may not be reflected in
~ data from spike recoveries or blanks,

* The probability of false negatives is low if spike
recoverics are acceptable, or biased high as
docnmented during data review, and the detection
imits are below the concentration of concern for
each analyte.

* Theprobability of false negativesisdirectly related
to the amount of bias if spike recoveries are biased
low and detectionlimits are below the concentration
of concem for each analyte. The effect is more
pronounced the closer the concentration of concem
is to the detection limits.

* The possibility of false negatives should be
carefully evaluated whenever sample extractshave
been highly diluted (i.e., diluted beyond normal
methed specifications),

Probability of false positives. False positives occur
when a chemical of concem is detected by an analytical
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method but is truly not present at the site. Assessment
of the following patameters from the Data Useability
Worksheet can be used to determine the probability of
false positives: analytical methods, datareview, sampling
accuracy, analytical completeness, analytical precision

-and accuracy, and combined error,

= False positives can occur when blanks
are contaminated or spike recoveries are
very high,

Sampling and analysis uncertainties connected with
false positives can be assessed by examining the results
of quality control samples. Blank contamination is the
mostimportantindicatorof probability of false positives,
particularly whenaccompanied by high spike recoveries.
As described in Chapter 5, samples can be contaminated
during sampling, storage, or analysis. Field and
laboratory blanks identify this problem by determining
the level and point of contamination. Sample matrix
interferences can also cause false positives, High spike
recoveries indicate thatmatrix interference hasoccurred.,

* The probability of false positives is high if the
chemical of poteniial concern has been detected in
any blanks, False positives should be suspected
for any sample value less than 5 times the blank
concentration (10 times for common laboratory
contaminants). High spike tecoveries combined
with blank contamination increase the likelihood
of false positives,

+ The probability of a false positive for an analyte is
directly related to the amount of bias if chemicals
of potential concern are detected in blanks and
spike recoveries for the analyte are biased high.



« The probability of false positives is highest when
the reported concentration is near the detection
limit for an analyte,

+ Theprobability of false positivesis low if chemicals
of potential concemn have notbeen detected in any
blanks and spike recoverics are not biased high.

6.1.2 Are Site Concentrations
Sufficiently Different from
Background?

Background samples provide baseline measurements to
determine the degree of contamination. Background
samples are collected and analyzed for each medium of
concern in the same manner as other site samples, They
require the same degree of quality control and data
review. Background samples differ from other samples
in that the sampling points, as defined in the sampling
and analysis plan (SAP), are intended to be in an area
that has not been exposed to the source of contamination,
Historical data, when available, are particularly useful
in selecting sampling and analysis techniques used to
deternine the representative concentrations of chemicals
of potential concern in background samples. Historical
data can help to delineate physical arcas that are
background and provide a basis for temporal trends in
the concentration of chemicals of potential concern.
Exhibit 72 lists the criteria from the Data Useability
Worksheet that affect this decision.

As part of the risk assessment process, the risk assessor
musi determine if background samples are
uncontaminated, The entire data collection process will
be simplified if chemicals of potential concern are not
found in background samples. If chemicals of potential
concem are found in the background samples, the risk
assessor must determine whether they are at natarally

occurring Ievels, of anthropogenic origin, due to
contamination during the sampling process, or are site
contaminants. :

Both nawrally occurring chemicals and anthropogenic
chemicals have significance for risk assessment.
Natrally occurring chemicals are those expected at a
site in the absence of human influence. Meials are
naturally occurring chemicals that are often included in
risk analysis; they are often present in environmental
media in varying concentrations. For example, soils of
high organic content, such as humus, would have a low
concentration of metals by weight, while soils with a
high clay content wonld contain higher metal levels.
Anthropogenic chemicals are defined in RAGS (EPA
198%a) as chemicals that are present in the environment
due to man-made, non-site sources (e.g., industry,
automobiles). Chemicals of anthropogenic origin may
inclunde organic compounds such as phthalates
(plasticizers), DDT, or polycyclic aromatic hydrocarbons
and inorganic chemicals such as lead (from automobile
exhaust). Guidance highlights for background
concentration issues for risk assessment are:

* Organic chemicals of potential concern found in
background samples should not be considered
naturally occurring. They may be present because
they are either site contaminants or are of
anthropogenic origin. They also couid be aresuli
of contamination during sampling.

« The risk assessor may eliminate chemicals from
risk assessment calculations if their concentrations
fall within naturally ccurring levels and are below
the concentration of concern.

» Coniamination of background samples is indicated
if chemical concentrations are higher than naturaily
occurring levels. Such contamination may come

EXHIBIT 72. DATA USEABILITY CRITERIA AFFECTING
BACKGROUND LEVEL COMPARISON

 Worksheet Data Useability Data Collection and
Reference Criterion Evaluation Decision
1 Reports to risk assessor
2A Documentation (SAP) and historical data
:i gata SIO;J rees (a:nalyiin;al)) Are site concentrations
ompleteness {sampling . " -

68 Comparability (analytical) - S o "
6D _ Precision {analytical) )
6E Accuracy (sampling and analytical)

21-002-072



from anthropogenic sources or from problems in
sampling or analysis activities, The risk assessor
may include analytical data with other site data or
perform a separate risk assessment based on best
professional judgment,

* Anthropogenic chemicals shouldnntbeehnnnated
from the risk assessment,

+ Siatistical analysis may benecessary to determine
if site levels are distinctly different from those
found in background samples when background
results approach site concentration levels,

s Suatistical analysis may be necessary where

chemicals of potential concern are detected in site

' samples at very low concentrations. It is difficult

to distinguish a difference between background

and site sample concentrations at levels close to
the dctecuon Timit.

. = Statistical analysis may determine if site
c¢oncentrations are significantly above
background concentrations when the
differences are not abvious.

6.1.3 Are All Exposure Pathways and
Areas ldentified and Examined?

Theidentification andexamination of exposure pathways
is discussed in detail in RAGS, Exhibit 73 summarizes
thecriteria that therisk assessormust assess to determine
the probable level of certainty thatall exposure pathways
and areas have been identified and examined.

The nature of the exposure pathways and areas to be
examined s critical tothe selection of a sampling design
and analytical methods. If the pathways and areas are
not identified properly, the resulting characterization
may be inappropriate. The risk assessor should determine
which pathways and areas are not adequaxely assessed

and determine the effect on the risk assessment if they
ar¢ excluded from study. Guidance highlights for
exposure pathway identification for risk assessment
are: .

* Recommend acquisition of additional samples
from the inadequately represented exposure
pathway or area if feasible. (Sampling
considerations presented in Chapter 3 should be
re-examined),

» Investigate whether computer simulationmodeling
isfeasible if additional samples cannotbe collected
from an inadequately represented pathway or area.
For example, air flow models could be used to
estimate transport of volatile contaminants if the

- contamination of soil and water at a site is fully
characterized but no air samples were obtained.

= Note in the report that the risk could not be
determined for a pathway or area, or use simple
chemical/physical relationships to estimate
exposure if additional samples cannoibe collected
from an inadequately represented pathway andno
simulation models are appropriate. For example,
equilibrivm partition coefficients can be used to
estimate movement in the vadose zone of soil if
insufficient data exist to calibrate a groundwater
transport model,

6.1.4 Are All Exposure Areas Fully
Characterized?

Assessing how well exposure arcas have been
characterized involves evaluation of completeness,
comparability, and representativeness across analytical
and sampling data quality indicators. Exhibit 74 lists
the criteria from the worksheet that affect this decision.

~Tobe fully characterized_, the exposure area must have

EXHIBIT 73. DATA USEABILITY CR!TERIA AFFECTING EXPOSURE
PATHWAY AND EXPOSURE AREA EXAMINATION

" Worksheet Data Useability Data Collection and
Reference Criterion Evaluation Decision
1 - | Reports to risk assessor
2 - Documentation (SAP) A'r]e_ all exposure
3B Data sources (non-analytical) * pathways and areas
6A Completeness (sampling) identified and
6B Comparability (sampling) examined?
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been appropriately sampled. Broad spectrum analyses
must also have been conducted for the mediaof concern
and analyte-specific methods used where appropriate,
The uncertainty in data collection and analysis depends
on the evaluation of completeness, comparability and
representativeness as discussed in Section 5.6. Based
on these indicators, the risk assessor should determine
the magnitude of the effect of data confidence on the
riskassessment, Guidance highlights for characterization
of exposure areas for risk assessment are:

* Use the data but note the level of confidence
associated with assessmentof the affected exposure
area if it is not significant,

+ Statistical interpretation procedures (e.g.,
sensitivity analysis) may be used if the confidence
level associated with data for an exposure area is
significant but does not warrant resampling and
reanalysis.

+ If the unceriainty associated with the data is high,
the risk assessor may determine that an exposure
pathway or atea is not fully characterized,

6.2 ASSESSMENT OF UNCERTAINTY
ASSOCIATED WITH THE BASE-
LINE RISK ASSESSMENT FOR
HUMAN HEALTH

The level of certainty in making each of the .four
decisions discussed in Section 6.1 contributes to the

overall uncertainty in data collection and analysis
components of risk assessment. The critical factor in
assessing the effect of uncertainty on the environmentai
analytical data component of risk assessment is not that
uncertainty exists, butrather that the risk assessoris able
to qualify and/or quantitate the uncertainty so that the
decision-maker can make informed decisions. The
certainty levels for risk assessment, represented in
Exhibit 75, are based on the ability to quantitate the
uncertainty in analytical data collection and evaluation.,
However, data collection and evaluation is only one
source of uncertainty in the risk assessment. Other
components of the risk assessment process, such as
toxicity of chemicals and exposure assumptions,
influence the four decisions to be made and contribute
significantly to the uncertainty of the baseline risk
assessment,

The most quantitative level of risk assessment occurs
when the uncertainty in data can be determined
quantitatively. The next level occurs when the
uncertainty can be determined qualitatively, or the
impact of the uncertainty is assessed using sensitivity
analysis. The least desirable situation occurs when the
uncertainty in data is unknown. This situation can ocour
if the minimum requirements given in Chapter 5 for the
data useability criteria have not been achieved.

= The primary planning objective is that
uncertainty levels are acceptable, known
and quantitatable, not that uncertainty be
eliminated.

EXHIBIT 74. DATA USEABILITY CRITERIA AFFECTING
EXPOSURE AREA CHARACTERIZATION

Data Caollection and

Worksheet Data Useability
Reference Criterion
1 Reports 1o risk assessor
2A Documentation (SAP)
2B Documentation (SOPs)
2C Documentation {field records)
3A Data sources (analytical)
3B Data sources (non-analytical)
A Completeness (sampling and analytical)
6B Comparability (sampling and analytical)
6C Representativeness {sampling and analytical)
6D Precision (sampling)

Evaluation Declsion

Are all exposure areas
fully characterized?
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EXHIBIT 75. UNCERTAINTY IN DATA COLLECTION AND EVALUATION
- DECISIONS AFFECTS THE CERTAINTY
OF THE RISK ASSESSMENT

r ™ r ~ h

Decisions To Risk Assessment Nature of Risk
Be Made Process Assessment

Quantitative
{uncerainty

What explicitly stated)

contamination is
present and at
what levels?

Data Collection
and Evaluation

Are site
concentirations
sufficiantly
diffarent from
background?

Exposure
Assessment

Quantitative
{uncertainty not
known)

Are all exposure
pathways and

Toxicity

areas identified Assessment
and examined?
Are all
exposure Risk
hareats f_ullyd? Charactsrization
characterized? .
erize Qualitative (no
uncertainty
estimate)
\__ vy o A S A
21002075
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APPENDIX I
DESCRIPTION OF ORGANICS AND INORGANICS DATA REVIEW PACKAGES

The purpose of Appendix I is to familiarize the reader with a model for data review
deliverables. This appendix consists of the following items:

0 A description of the data reporting format,
0 An example of a data review summary, and

o Example data review forms.

Please note that the example forms are designed for the validation of Contract
Laboratory Program (CLP) data packages. An example form is included for each analytical
fraction {volatiles, semivolatiles, pesticide/Aroclors and metals) and for samples from
soil/sediment and aqueous matrices. These forms nevertheless include the necessary
information for the review of most types of data (analytical results, sample
guantitation/detection limits, data qualifiers, etc.) not associated with the CLP.

1. DATA REPORTING FORMATS

Whenever an analytical laboratory is requested to analyze field samples for a specific
site, the RPM (in consultation with the technical project team) must ensure that the Iaboratory
will provide adequate documentation to support all current and future uses of the data.
Potential uses of the data can include data validation, monitoring, modeling, risk assessment,
site characterization, Record of Decision defense, enforcement, and litigation.

Data packages produced by analytical laboratories should contain all the documents that
were produced or used by the laboratory for that particular analysis. The required documents
should include a narrative {detailing the exact method performed, deviations from the method,
problems encountered, and problem resolution), chain-of -custody records, laboratory logbook
pages, and raw data and tabulated summary forms for all standards, guality control and field
samples.

The documents should be organized in a logical manner and the entire data package
should be paginated., Generally, the laboratory should be required to produce a data package
with documents ordered in the following manner:

) Narrative

2) Tabulated summary forms for laboratory standards and quality control samples
(in chronological order by type of quality control sample/standard by date of
analysis by instrament)

k)| Tabulated summary forms for field sample results (in increasing RAS, SAS, or

_ project sample number order)

4) Raw data for field samples (in increasing RAS, SAS, or project sample number
order)

5 Raw data for laboratory standards and guality control samples (in chronological
order by type of quality control sample/standard by date of analysis by
instrument)

6) Laboratory logbook pages

7) Chain~of ~custody records
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APPENDIX I (continued)

It is often convenient to require that the laboratory data package resemble as closely as
possible the data packages required by the current CLP RAS SOWs for organics and
inorganics, that the tabulated summary forms provided in those SOWs be utilized and modified
appropriately, and that the daia qualifiers in those SOWs be applied to the data as appropriate.
The following sections describe specific requirements for the content of each document
contained in the laboratory data package.

NARRATIVE:

A narrative must be provided describing the analytical methods and exact procedures
performed by the laboratory, as well as any deviations from the method. Problems
encountered during analysis, problem resolution and any factors which may affect the validity
of the data must be addressed. The narrative must include the laboratory name and RAS,
SAS, or project sample numbers cross-referenced to the laboratory sample identification
numbers, and must be signed and dated by the laboratory manager.

Any telephone communications between the laboratory and sampling personnel (or other
parties outside of the laboratory) to resolve sampling discrepancies or analytical problems must
be documented in detail on telephone communication logs. Those telephone logs must
explicitly detail the problems requiring resclution, the agreed to resolution, and the names and
affiliations of the communicating parties. All telephone logs must be appended to the
narrative.

An example calculation of a positive hit and a detection/quantitation limit for each type
of sample analysis must be provided. All equations, dilution factors and inf ormatmn required
to reproduce the laboratory results must be provided,

TABULATED SUMMARY FORMS:
Laboratory Standards and Quality Control Samples

Tabulated summary forms must be provided for all laboratory standards, tunes, blanks,
duplicates, spikes, and any other types of laboratory quality control samples/standards. The
tabulated summary forms must contain information pertinent to the type of laboratory quality
control sample/standard which was analyzed. Typical entries include: concentrations spiked,
concentrations detected, spike compound names, results of statistical calculations (%R, %D,
RPD, RSD, CV, RRF, 8D, stc.), sample identification numbers, dates/times of analysis,
instrument IDs, lab file IDs, and QC limits.

The exact format of each tabulated summary form will depend on the particular analysis
method requested and the quality control procedures specified in that method. However,
comprehensive tabulated summary forms must be prepared for all guality control
samples/standards analyzed by the laboratory. For example, typical tabulated summary forms
for volatile organics analyses include but are not bmited to:

Surrogate results: Tabulate the sample identification numbers, surrogate compounds added,
concentration added, percent recoveries, and QC limits for all standards, blanks, quality
control samples and field samples. Flag cutliers.

Matrix spike and matrix spike duplicate results: Tabulate the matrix spike compounds added,

concentration added, percent recoveries and relative percent differences for the spiked
compounds, and QC limits. Flag outliers, List the sample identification numbers. Results for

126



APPENDIX I (continued)

all non-spike compounds must be tabulated on the form used to summarize field sample
results.

Method/laboratory blanks: Tabulate the sample identification numbers, lab file IDs, and time
analyzed for field samples and matrix spike samples which pertain to each blank on a separate
form. The form must also contain the GC column, instrument ID, laboratory sample
identification number, lab file ID, and date/time of analysis for the blank itself. Results for
gach blank must also be tabulated on the form used to summarize field sample results.

Tuning results: Tabulate the m/e, ion abundance criteria, and percent relative abundances and
list the tune compound name, instrument ID, lab file ID, and date/time of injection which
pertain to each tune analysis on a separate form. The form must also contain tabulated sample
identification numbers, lab file IDs, and date/time of analysis for alt field samples, matrix
spike samples, blanks, and standards which pertain to that tune. Flag outliers.

Initial calibration results: Tabulate the target compound names, relative response factors for
each target and surrogate compound at each standard concentration, mean relative response
factors and percent relative standard deviations for all target and surrogate compounds, and
QC lLimits for each initial calibration on a separate form. The form must also contain the
concentration of the calibration standards, instrument ID, Iab file IDs, and dates/times of
standard analyses for that initial calibration. Flag outliers.

Continuing calibration results: Tabulate the target compound names, mean relative response
factors from initial calibration, relative response factors from continuing calibration, percent
differences, and QC limits for all target and surrogate compounds for each continuing
calibration on a separate form. The form must also contain the concentration of the
confinuing calibration standard, instrument ID, lab file ID, and dates/times of initial and
continuing calibration standard analyses which perfain to that continuing calibration. Flag
outliers. '

Internal standard results: Tabulate the sample identification numbers, internal standard
compound names, QC limits, retention times and area counts of the quantitation ion for each
internal standard compound in the continuing calibration standard and all field samples,
matrix spike samples, and blanks which pertain to that continuing calibration on a separate
form. The form must also contain the instrument ID, lab file ID, and date/time of continuing
calibration standard analysis. Flag outliers.

MDL study results: Tabulate the target compound names, concentrations spiked and detected
for each MDL spike analysis, and the standard deviation and calculated MDL for each target
compound. (Note: The narrative must explain the MDL procedure utilized to generate the
values. The formula and associated constant values utilized in the calculation of the MDL for
each analyte must be provided. The column, instrument ID, trap composition, and operating
conditions must be clearly disptaved on the raw data.)

Field Samples

The exact format of the tabulated summary form for each field sample will depend on the .
particular analysis method requested. However, comprehensive tabulated summary forms must
be prepared for each ficld sample analyzed by the laboratory. Af a minimum, the target
compound names, concentration units, positive hits and numerical detection/quantitation limits:
and any laboratory qualifier flags for each target compound must be tabulated on a separate
form. Definitions must be provided for all qualifier flags used by the laboratory. For each
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APPENDIX I (contiﬁued)

sample, the tabulated form must also contain the RAS, SAS, or project sample identification
number, laboratory name, laboratory sample ID, lab file ID, sample matrix type, and level of
analysis (low, medium, high). The percent moisture/solids, weights and volumes of sample
prepared/purged/extracted/digested/analyzed, initial and final extract/digest and extract
clean-up volumes, injection volume, clean-ups performed, dilution factor, measured pH, and
dates that sample was received/extracted/digested/analyzed should be included as appropriate
to the analysis method. :

RAW DATA:

Raw data must be provided by the laboratory for all laboratory quality control samples,
blanks, spikes, duplicates, standards, and field samples. The exact format and content of the
raw data will depend on the particular analysis method requested. However, any and all
instrument printouts, strip chart recordings, chromatograms, quantitation reports, mass spectra
and other types of raw data generated by the laboratory for a particular project must be
provided in the data package. Typical raw data for organic GC/MS analyses includes but is
not limited to:

0 Reconstraucted total ion chromatograms,

0 Instrument quantitation reports containing the following information:
laboratory sample identification number, RAS, SAS or project sample number,
date and time of analysis, RT and/or scan number of quantitation ion with
measured area, analyte concentration, copy of area table from data system,
GC/MS instrument ID, lab file ID, column, trap composition, and operating

conditions,

0 Raw and enhanced mass spectra for all positive field sample results and daily
‘continuing calibration standard reference spectra for all positive field sample
results,

o Mass spectra and three library searched best-match mass spectra for all

tentatively identified compounds reported, and
0 Instrument normalized mass listing and the mass spectrum for each tune.
Typical raw data for inorganic analyses includes but is not limited to:
o Instrument printouts and strip chart recordings containing the following
information: laboratory sample identification number, RAS, SAS or project
sample number, date and time of analysis, absorbance/emissions values, analyte

concentration, instrument ID, lab file ID, and operating conditions, and

0 Standard curve raw data, plotted standard curves, linear regression equations,
and correlation coefficients.

LABORATORY LOGBOOK PAGES:
Copies of standards preparation logs, sample preparation/extraction/digestion logs,

sample analysis run logs, personal logs, and any hand written project-specific notes must be
included. The initial and final volumes of sample prepared/purged/extracted/digested, initial
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APPENDIX 1 (continued)

and final extract/digest and extract clean-up volumes, injection volumes, and dilution factors
must be clearly labelled. '

CHAIN-OF-CUSTODY RECORDS:

All chain-of ~custody records provided to the laboratory during sample shipment or
generated by the laboratory during sample receipt, storage, preparation, and analysis must be
 included. Chain-of-custody records include but are not limited to: signed and dated field
chain~-of -custody forms, signed and dated shipping airbills, sample tags, SAS packing lists,
RAS Traffic Reports, internal laboratory receiving records, and internal laboratory
sample/extract/digest transfer records.
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APPENDIX I (Continued)
2. DATA REVIEW SUMMARY

ORGANIC DATA SUMMARY FORMS UTILIZED
BY REGION IiI IN THE CLP

DATE:

SUBJECT:
FROM:
TO:
THRU:

OVERVIEW

Case consisted of four (4) low level water and two (2) low
level scil samples, submitted for -full organic analyses. Included
in this data set was one {1} equipment blank and one (1) trip
blank. ' The trip blank was analyzed for volatiles only. The
samples were analyzed as a Contract Laboratery Program (CLP)
Routine Analytical Service (RAS).

SUMMARY

All samples were successfully analyzed for all target compounds
with the exception of 2-Butancne and 2-Hexanone in the volatile
fraction. All remaining instrument and method sensitivities were
according to the Contract Laboratory Program {(CLP) Routine
Analytical Service (RAS) protocol.

HAJOR PROBLEM

The response factors (RF} for 2-Butanone and 2-Hexanone were less
than 0.05 in one of the continuing volatile calibration. The
gquantitation limits for this compound in the affected samples

were qualified unreliable, “R". (See Table I in Appendix F for
"the affected samples.} '

MINOR PROBLEMS

Several compounds failed precision criteria for initial and/or
con;inuinghcalibrations. Quantitation limits and the reported
results for these compounds may he biased and, therefore, have
been cualified estimated, "UJ" and “J", respectively. (See Table
I in Appendix F for the affected samples).
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APPENDIX I (Continued)

2. DATA REVIEW SUMMARY

Page 2 of 3

NOTES

o

The soil semivolatile MS/MSD analyses were originally
extracted within the technical and contractual heolding
times. Re—extractions were required because of surrogate
recoveries, and these re-extractions were performed outside
of holding times. Surrogate recoveries were again outside
of the QC limits, therefore, original sample results are
being reported.

The waximum concentration of compounds found in the trip

o
blanks, field blanks, or method blanks are listed below.
All samples with concentrations of common laboratory
contaminants less than ten times (<10X) the blank
concentration, and uncommon laboratory contaminants less
.than five times (<S5X} the blank concentration have been
qualified “B" in the data summary table. (See Appendix F).
Compound Concentration (ug/L)
Methylene chloride #* 73
Acetone * 9 J
Bis (2-ethylhexyl)phthalate * 10 J
* Common Laboratory Contaminant
‘@ The semivolatile MS/MSD analyses had compounds other than
the spiking compounds present. The following is a table of
results and precision estimates for the non-spiked
compounds:
MS/MSD Non-Spiked Compounds
Concentration {(ua/1)
Compound %RSD
Phenanthrene 150 J 190 J 140 J 16.5
Fluoranthene 340 J 470 T 440 J 16.3
Benzo(a)anthracene 290 J 310 J 320 3 5.0
Chrysene 290 J 330 J 300 3 6.8
Bis (2-ethylhexyl} phthalate 160 J 200 J 240 J 20.0
Benzo (b)pykrene 190 J 240 J 240 J 12.%
Benzo (k) pyrene 230 J 200 J 220 J 7.1
Benzo (a) pyrene 240 J 150 3 240 J 12.¢

RSD= Relative Standard Deviation
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APPENDIX I (Continued)

2. DATA REVIEW SUMMARY

Page 3 of 3

© The pesticide/PCB analyses of all soil samples and associated
QC samples had surrogate recoveries in excess of the QC limit.
Since no positive results were reported for any pesticide or

PCB compounds for any of the samples in this case no data was
affected. (See Appendix F).

o The reported Tentatively Identified Compcunds (TIC's) in
Appendix. D have been reviewed and accepted or corrected.

o All data for Case were reviewed in accordance with the
Functional Guidelines for Evaluating Organic Analyses with
modifications for use within Region IXI. The text of this
report addresses only those problems affecting usability.

ATTACHMENTS

APPENDIX A -~ Glossary of Data Qualifiers
APPENDIX B - Data Summaxy. These include: _

(2) All positive results for target compounds with

qualifier codes where applicable.

(b} All unusable detection limits (qualified "R").

APPENDIX C ~ Results as Reported by the Labcratory for All
Target Compounds
APPENDIX D - Reviewed and Corrected Tentatively Identified
Compounds

APPENDIX E ~ Organic Regional Datz Assessment Sumnary
APPENDIX F - Support Documentation
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" TABLE

TEMPAZ-9

CERCLIS SITE NAME,

CL® INOROANIC ANALYSIS AQUBOUS SAMPLE DETECTION LIMITS (ugn)

CASE No. » 500 Mo,

PAGE __ of

Sample Location

Samprle Munbier

Traffic Report Number

Remarks

Sampling date

Analysis Date

inorganic Analytes fol{ug/L)

Atuminum
Antinony
Arsenic
Barium
Reryllium
Cadmium
Catlcium
Chromium
Cobalt
Copper
fron

Lead
Hagnesium
Mangancse
Hercury
Hickel
Potassium
selenium
Silver
Sodium.
Thal lium
Vanadium
linc
Cyanide

nv'u-n'u'c-n'o'vg'vv-n'o'o‘n'n'vv‘o'v-nvv

Analytical Method UJ The detection limit is spproximated due to limitations identified
F Furnace AR HOTE: control review (dats valldation).

P ICP/Flame AA R Volue is refected.

Ly cCold vapor HA Mot Analyzed.

€ Colorimetric

n the quality

Sample's wet weight {gms)
for Hg analyzis
for 1CP analysis
for furnace A4 onalysis
for Cyanide pnalysis

€
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TEMPL2-9 CLY INOROAMIC ANALYSIS

CRRCLIS STTTE HAME__ -

CASE N,

TADLE -
. SOILAND SEDIMENT SAMPLE DETECTION LIMITS {ugn}

, 500 No,

PAGE _ of _

Sample Location

Sample Number

Traffic Report Numbaer

Remarks
S

Sampling date

Analysis Date

Percent Solids

Inorganic Analytes IDL{ug/L)

Aluminum
Antimony
Arsenie
Barfun
geryl(ium
Cadnium
Calcium
Chromfum
Cobalt
Copper
Iron

Lead
Hagnesium
Manganese
Mercury
Hickel
Patassium
Setenium
$itver
Sodium
Thallium
Vanadium
Zine
Cyanide

TPV OTOO™T W

OMOTTMTVUTTOOT T

F Furnace A HOTE: control review (data validation),
P OICP/Flame AA &  Vvalue is rejected,

vV Cold vapor HA  Not Analyzed,

C Colorimetric

Analytical Method UJ  The detection limit is approximated due to timitations identified §n the quality

Sample's wet weight (oms)
for Hg analysis

for ICP analysis

for furnace AA analysis
for Cyanide analysis

£
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TEMPLZ*)

TABLE
CLP IHOROANIC ANALYSIS SOIL ANALYTICAL RESULTS (upfis)

CURCLIS 5TTE NAME:
CAST NG, ,8D3 NO,

PAGE

Sample Location

Sample Humber

Traffic Report Number

Remarks
Sampling date
CRDL
Ingrganic analytes
Aluminum P 200
Ant imony 4 60
Arsenic F 10
garium 4 200
Beryllium P 5
Cecmium P S
Calefum 4 5000
Chromium P 10
Cobalt p S0
Copper B 25
Iron p 100
Lead P 3
Hagnesium P 2000
Manganase 4 15
Hercury cv 0.2
Hickel P 40
Potassium P 5000 N
selenfum F 5 ¥
Silver p 10
Sodium p 5000
Thallium F 10
Vanad|um P 50
Zinc P 20
Cyanide c 10
Analytical Methed 7 ouantitation 15 approximated due to limitations identified during the quality control review.
F fFyrnace R Yalue i3 rejected. . :
P ICP/Flame RA U fevised Sample Quantitation Limit.
v Cold Vapor UJ guantitation limit is approximate cue to limititetions fdentified in the quality control review,
o Colorimetric HA  Hot Analyzed.

Sample results are reported on a dry weight basis.

£
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TEMPL2-7

CHRCLIS ST NAME:
CASEHO,

TADLRE,
CLP INORGANIC ANALYSIS

AQUEQUS ANALYTICAL RESULTS (wgm)

+ 304 NO,

PAGE

of

Somple Location

Somple results ore reportcd on a dry uclght bnsis.

Sample Rumber
Traffic Repert Humbar
Remarks
Sampling date
CEDL
Inorganic analytes
Alumirum P 200
Antimony P &0
Arsenic f 10
garium P 200
Beryllium 4 5
Cacdnium P 5
Calefum ¢ 5000
Chromium p 10
Cobalt P 50
Copper p 25
Tron P 100
Lead P 3
Magnesium P | %000
Mangenese p 15
Nercury cy 6.2
Niekel p 40
Potassium P 5000
Selenium F 5
Silver P 10
Sodium P 5000
Thallium F 10
vanadium P 30
Zine P 20 .
Cyanide c 10 :
Anatytical Xethod J Guantitation is approximated due to limitations identified during the quality control review.
F Furnace R Value is rejected, - ) ’ C '
P.. JCP/Flame AA U Revised Sample Quantitatfonm Limit.
cv Cold Vapor U Quantitation limit {g approximate due to timititations {dentified in the quality contrel réview.
[ Colorimetric NA Not Analyzed, .

£
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THP2-1-1

TABLE

TOOLPVOLATILILOROANIC ANALYSIS : ACLIROUS ANALYICAL ARSULTS (upl)
CERCLIS SITB NAME:
CASENO. .__,SDONO, ) _ —

PAGE of .

[Sample Location

Sampl¢ Number

Traffic Report Humber

Romarhs

Sampling Date

Analysis Date

Carbon Bisulfide
1,i-Dichloroethens
1,1-Dichloroethane
1,2-Dichloroethene(Totaly
Chioroform
t,2-0ichlersethene
2+Butanone

1,1, 1-Trichloroethane
Carbon Tetrachioride
vinyl Acetate
gromodichloromethane
1,2-Dichloropropane
¢is+1,3-0ichloropropens
Ttrichlorcethene
Dibromochloromethane
1,1,2+1richloroethane
Benzene
trans+1,3-0ichloropropene
Bromoform

4L+Methyl -2-pentanone
2-Kexanone
Tetrachloroethene
1,1,2,2+Tetrachloroathane
Toluene

" |Ehtorobenzene

Ethylbenzene
Styrens
Xylene (Total}

Volstile Organic CompoundjCRGL
Chloromethane 10
Bromomethane 19
vinyl thloride 10
Chtoroethane 10
Kethylene Chioride S
Acetone 10

—

—_

—_
(LA R RE T AV L NN gt s R R AT AL AL R RV - R AT N gV R RV R RV RV_]

I

CROL Contract Required Quantitation Limit,

J
w
R

Cuantitation is approximate due to limitations identified during the quality control review.
duantitation limit is approximated due to Limitetiona identified In the quality control review,
Value 1§ rejected,

£
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TMP2+2-1

TADLE,

CLP VOLATILE ORGANIC ANALYSIS

CURCLIS STPE NAME:

SOIL ANALYTICAL RESULTS (ug'ks)

CASENO,__ .., SDGNO,

PAGE of

Sample Location

|Samele Humber

Traffic Report Humber

Remarks

Semoling Date

Analysis Date

Volatile Organic Compourd

CRAL

Chloromethone

“|Bromomethane

Vinyl Chloride
Chloreethane

Methylene Chloride
Asetone

Carbon Disulfide
1,1-0ichlorsethens
1,1-Dichlorcethone
1,2-Dichloroethene (Total)
Chloraform
1,2-0Dichloroethane
Z-Buteanone
1,1,%<Trichloroethane
Carbon Tetrachloride
Vinyl Acetate
Bromodichlorsmathane
1,2-Dichlorgpropane
¢is+1,3-nichloropropone
Trichlorsethons
pDibromochi sromothane
1,1,2-Trichlorocthane
Benzene
trang-1,3«Dichiorcpropens
gromoform
b-Methyl-2-pentanone
2-Hexanone
Tetrachlorcethene
V,1,2,2-Tetrachloreethane
Toluena

thlerobenzens
Ethylbentene

Styrene

Xylene {Total}

[
[t e v )

VO own

—_ .
L= AL R - N AL RV FV. RV

— b, -
ViU i D QWML Tui e ur L Oy

CRaL

)

Contract Required Quantitation Limit,
Ouantitation fe approximate due to Limitations
guantltation timit fs &
Value is rejected,

ra

Adentified during the quality control review,
pproximate due to Limitationa identi{fied In the aquality control review
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T™MP2-3-1

TABLE,

CLP VOLATILE ORUANIC ANALYSIS

CERCLIS SITE NAME!

- SOILBAMPLE QUANTITATION LIMITS {ugg)

CASE NO, ’ . , SD:Q NO.

Sample Location

Sample Humber

Traffic Report Number

Remarks

Sampling Date

Dilution Factor

Percent Solids

volatile Organic Compound

Chioromethane
Bromomathane

Vinyl Chlorfide
thioroethane
Mathylens Chloride
Acetons

Carbon Disulfide
1,1-Dichloroethene
Y,1-Cichloroethane
1,2+Dichloroethene {Total)
Cthloroform
1,2-Dichloroethane
Z2-Butanone

1,1, 1=Trichloroethane
Carbon Tetrachloride
Vinyl Atetate
Bromodichloromethane
1,2-Dichloropropane
cig-1,3-Dichloropropene
Trichlorcethene
bibromochioromethane
1,1,2-Trichlorcethane
Benzens

Bromaform
4-Hethyl-2-pentonone
2+Hexanone '
Tetrachloroethene
1,1,2,2-Tetrachloroethane
Toluens

Chlorobenzene
Ethyibenzeng

Styreng

Xylene (Total}

trans-1,3-Dichloropropene

€

W3I0d MAIATYH V1Va
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Sample Ouantitotion limits are reported on a dry weight basis.
UJ cusntitation limit is approximated dus to lim{tations during the quality ¢ontrol review,
& value is rejected.
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THP2-3-2

CLP VOLATILE ORCANIC ANALYSIS

AUUEQUS SAMPLE QUAﬁfTRTIDN LIMITS (ug/1)

CERCL1IS SITE MAME

CASE No. ' - . SDG No,

Sample Location

Sample- Nunber

Traff{c Report Number

Remar ks

[Sampting Date

Dilution Facter

Volatite Organic Compound

Chloromethana

- |Bromamethane . -

Yinyl Chloride

‘fChioroethans -

Methylene Chloride

“|Acetone -

Carbon Gisulfide
1, 1-Dichlorcethens
1,%-Dichloroethane

Chlaroform
1,2-Dichlorcethane
2-Butanone -
1.1,1-Trichioroethane
Carbon Tetrachloride
Vinyl Acetate
Bromodichloromethane
1,2-bichlaropropane

1¢is=1,3-Dichloropropens

Trichloroethens

Dibromoch loromethang
1,1,2-Trichloroethane
Benzene
trans-1,3-Dichloropropene
Bromoform
4-Methyl-2-pentanone
2-Hexanone : :
Tetrachioroethene
1,1,2,2-Tetrachloroethane
Toluene

thlerebenzene
Ethylberizene

Styrene

Xyiene (Total}

1,2-bichleroethens (Total)

MRAOT MAIAZY VIV

Sample Guantitation limits are reported on a dry wolight basfs.

Ul Quantitation Limit is a
R Value iz refected,

pproximated due to limitations during the quality control review.
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THP2+4-1

. TABLE
CLP EXTRACTABLE ORGANIC ANALYSIS

‘CERCLISSITE NAME:__

AQUECUS ANALYTICAL RESULTS (ugh)

CASENG,

, 500G NO,

PAGE OF

Sample Location

Sample Number

Traffic Report Number

demarks

sampling Date

Cxiraction Gate

Analysis Dote

Seml -Volattle Compound CRAL
Phenol 10
bis (Z-Chlorcethyl) ether 10
2-Chlorophenot i 10
1,3-Dichlorobenzene 10
1,4-Dichlorobenzene 10
Benzyl Alcohol 10
1,2+0ichlorobenzens 10
2-Methylphenol ) 10
big (2-Chioroisopropyljether| 10
4 -Methylphenol 10
N-Nitroso-di-n-propylemine 10
Hexachlorosthane 10
Hitrobenzene - 10
{sophorons 10
2-81trophenal 10
2,4-Dimethylphenol 10
Benzoic acid . 50
bis (2-Chioroethoxy) methane 19
“12,4-Dichlorophensl 10
1,2,4~Trichiorcbenzens 10
Haphthalene 10
4-Chloroaniline 10
Hexachlorchbutadiene 10
4-Chloro-3-methylphenol 19
2-Hethylnaphthalene 10
Hexachlorocyclopentadiene 10
2,4,6-Trichlorophenol 10
2,4,5-Trichlorophencl 50
2-Chloronaphthalena -10
2-Nitroaniline S0
Dimethytphthatate 10
Acenaphthylene 1¢
2,6-Dinitrotolucne 10

CRGL Contract Required Guantitation Limlt.
Quantitation is approximate due to

J
18}
R

limitations fdentified during the quality control review.
Quantitatfon linit fs approximated due to limitatfons identified in the quality control review.
value is rejected. . )

‘€
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TMP2-4-2

TADLE

CLP EXTRACTADLE ORGANIC ANALYSIS

CERCLIS SITE NAME:
CASE NO., : 5D NG,

AQUEOUS ANALYTICAL RESULTS (uph)

£

WH0d MIAIATY VIVQ

(parunuo)) 1 XIANALAY

Sample Location
Sample Humber
Traffic Report Humber
Remarks
Sampling Date
Extraction Date
Analysis Date
semi-v¥olat!le Compound CROQL
I-Hitroaniline 50
Acenaphthene 10
2,4k-Dinitrophencl 50
4-Nitrophenol 50
pibenzofuran 10
2,4-Dinitrotaluene 10
Diethylphthalate 10
4-thlerophenyi-phenylether 10
fFluorene 10
4-Nitroeniline 50
4,6-Dinitro-2+methylphenot 50
N+Nitrosediphenytamine 10
4-Bromophenyl «phenylether iC
Hexachlorobenzene 10
pentachlorephenol 50
Phenanthrens 10.
Anthragene 10
pi-n-butylphthalate 10
Fiuoranthene 10
Pyrene 10
Butylbenzylphthalate 10
3,3v<pichlorobenzidine 20
Benzo{a)anthracene 10
Chrysene 10
bis(2-Ethylhexyiiphthalate 10 .
ti+n-pctyt pghthalate 10 :
Benzo{b)fiuoranthene 10 *
fenzo(k)flusranthene 10 -
Benzo{a)pyrene 10 ¥
Indena (1,2,3-cdipyrene 10
pibenz(a,h}anthracene 10
Benzolg,h, i joerylene 10
CROL Contract Reguired Quantitation Limit.

J  auantitation is spproximete due to bimitations identified during the quality control review,
Ul Quantitation Vimit is approximated due to limitations identified in the quality control review,
& value is rejected,



£vl

TABLE,

THP2«4+3 ' ' CLP OXTIRACTARLE OROANIC ANALYSIS ~ AQUEOUS amwﬁmt.k&sums (g
CERCLIS SME NAME:
CASE NO, , SHA NG,
Sample Location
Sample Humber
Tratfic Report Humnber
Remarks
sampling Date
Extraction Date
Analysin Oote
Pesticide/PLB Compound craL
aipha-GHC 0.05
beta-BHE 0.05
delta-gEC 0.05
gamma~BHC (Lindane) 0.05
Heptachlos 0.05
Aldrin 0,05
Heptachlor epoxide 0.05
Endosul fan | 0.05
Dieldrin i 0.10
4,4 DDE 0.10
Endrin 0.10
Endesul fan 1§ 0.10
4,47-DDD . 0.10
Endosul fan sulfate ¢.10
4,47-0D7 6.10
Methoxycehlor 0.5
Endrin ketone 0.10
alpha-thlordane 0.5
gamma-Chlordang 0.5
Toxnphene 1.0
Aroglor-1014 0.3
|Aroctor-1221 0.%
Aroctor-1232 0.%
Aroclor-1242 0,%
Aroclor-1244 0.5
Aroclor-12%4 1.0
Aroclor-1250 1.0

't

WAOd MTIATA VIV
{panupnod) I XIGNTIAV

CROL Contract Required Quantitation Limit.
J ouantitation is approximate due to limitations identified during the quality contrel review,
UJ ouantitatfon Limit is approximated due to Limitations identified in the quality control review.
R value is rejected. :
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THP2: 44

CLP EXTRACTADLE OROANIC ANALYSIS

CERCLIS SITE NAME:,

. TALLE,_.

AQUEOUSSAMPLE QUANTITATION LIMITS (ug)

CASE NOD.

SDO NO,

" PAGE of

Samp(e Location

Sample Humber

Traffic Report Humber

Remarks

Sampl ing Date

Silution Factor

Percent Solids

Semi-Volatile Compound

3-ditroaniline
Acenaphthene .

2, 4«bimftrophenct
14=Nitrophenol

nibenzofuran
2,4=Dinitrotoluene
|Diethylphthalate
'|4-Chierophenyl «phenylether
Fluorene

4-Nitroaniline
4,6+0initro-2-methylphencl
R-Hitresediphenylamine
4-Bromophenyl -phenylether
Hexachlorobenzene
Pentachlorophenol
Phenanthrene

Anthracene
Di-n-butylphthalate
Fluoranthene

Pyreme '
Butylbenzytphthalate
3,3+«pichlorobanzidine
Benzo{a)anthracene
Chrysene .
bis{2-Ethylhexyl }phthalats

{bi-n-octyl phthalate

Benzolb)flusranthene
Benzot{k)fluoranthene
Benzo{a)pyrene

Indeno ¢1,2,3-cd)pyrene
Dibenza, h)anthracene
Benzo{g,h,{iperyiens

Somple Quantitat
UJ Quantitation Limite ars a
R Value {8 rejected.

on Limfts are reported on dry weight bagis.

pproximate dus to 1imitations fdentitied during the qunlity control review,

p

WIOJd MIIATT VIV €
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TMP2-4-5

_ GLP EXTRACTADRLY ORGANIC ANALYS!S

TABLE,

CERCLIS SITE NAME:

CASL NO,

. AQUEOUS SAMPLE QUANTITATION LIMITS (ugh)

500 NO,

PAGE of

——

Sample Location

Sample Numbér

Tra}fic Report Humber

Remarks

Sampling Dﬁte

Dilution Facter

Percent Solids

Semi+Votatile Compound

Phenol

bis (2-Chloroethyl) ether
2-Chlerophenol
1,3-Dichlorobenzene
1,4+Dicklorobentene
genzyl Alcohol
1,2-Dichlorobenzens
2-Methylphenol

bis ¢2-Chtoroisopropyllether
4+Methy(phenst
N-Nitrose-di-n-propylamine
Hexachleroethane
Nitrobenzene

1sophorone

2-Nitrophenol
2,4-Dimethylphenol
Bentoic asid

bis (2-Chtoroethoxy) methana
2,4-Dichlorophencl
1,2,4*Trichlorcbenzene
Haphthalene
4-Chloroaniline
Hexachlorobutadiene
4-Chtors-3-methylphenol
2-Methylhaphthalene
Hexachiorecyelopentadionn
2,4,6-Trichlorophenol
2,4,5+Trichlerophenol
2-Chioronaphthatene
2-Hitrooniline
Dimethylphthalate
Acenaphthylene
2,6-01nitrotoluene

finmpla Quantitation L

mitw ara reportad on a dry walght banla.

ul . ousntitation Limit is approximated due to limitations fdentified in the

value {s rejected.

quatity control review.

WAOA MAIAFE VIV '€ -

(panonuo)) [ XIANIALY-
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THR2-4-6

TABLL,

£LP EXTRACTABLE ORGANIC ANALYSIS

CERCLIS STIT) NAME:
CASE NO,

AQUEOUE SAMPLE QUANTITATION LIMITS {ugh

+SDGNO.

PAGE of ___

Sample Ltocation

Sample Humber

Tratfic Report Number

Remarks

Sampling Date

Dilution factor

Percent Solids

Pesticide/PCE Compound

alpha-BHC
beata«BHC
dalta-BHC

Heptachior .
Aldrin
Heptachlor epoxide
Endosul fan 1
Dieldrin

4,47 -DDE

Endrin
Endosulfan 11
4,47 <DDD -
Endosul fan sulfate
4,47 -DDT
Mathoxychlor
Endrin ketone
alpha-Chlordane
gamma-Chiordane
Toxaghene
Aroclor+1016
Aroclor-1221
Aroelor-1232
Aroclopr-1242
Aroclor« 1248
Aroclepr-1254
Aroclor=1260

gamma-BHE (Lindane)

Sample Quantitation Limits ere reported on dry weight basis.

W Quantitation Limits are approximate due to limitations identified during the quality control review,

R Value is rejected.

£

WA01 M3IATA V1va
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THPZ-5-1

TADLE
€1 EXTRACTABLE ORGANIC ANALYSIS

" CERCLIS SITE NAME:_

SOIL ANALYTICAL RESULTS (ugrkg}

CASENG.

— 4 SDONO,

PAGE af

Sample Location

Sample Humber

Traffic Report Wumber

Remarks

sampling Date

Extraction Date

Analysis Date

Semi-Volstile Compound

CROL
Phenol 330
‘|ois {2-Chleroethyl) ether 330
2-Chiorophenal 330
1,3-Dichtorocbenzene 330
t,4-0ichlorcbenzene 330
Benzyl Alcohol 130
1,2-0ichlorobenzens 330
2-Methylphenol 330
bis {(2-Chloroisopropyljether) 330
4 -Methylphenol 330
N-Ritroso+di-n-propylamine 330
Hexsehioroethone 130
Kitrobenzene 330
jsophorone 130
2-Hitrophensl 330
2,4-0fmethylphenal 330
Bentoic acid 1600
bis (2-Chlorosthaxy) methane| 330
2, 4-Dlchlorophenat 330
1,2,4+Trichlorobenzent 330
Haphthalene 330
4-Chloroaniline 330
Hexachlarobutadi ene 310 ‘
4:Chtora-3-methyiphenal 310
Z+Methylnaphthalene 330
Hexachlorocyelopentadiene 330
2,6,6+Trichlorophensl 330
2,4,5-1richlorophensl 1600 .
2-Chloronaphthalens 330 *
2*Mitroanitine 1600
pDimethyiphthalate 330
Acenaphthylene 330
2. 6-pinitroteiuenc 3130

cral

uJd

Contract Required Guontitation Limit.
guantitation j4 appreximate due to limitatfons fdentified during the guality control review,
quantitation is approximate due to limitations identiffed during the quality control review,

Value is rejected,

£
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THP2:5.2

TABLE

CLP EXTRACTABLE ORGANIC ANALYSIS

CERCLIS SITR NAME;

SOIL ANALYTICAL RESULTS (upks)

CASENO. . SDONO.__

PAGE of ___

Sample Location

sample Humber

Traffiec Report Mumber

Remarks

Sampling Date

Extraction Date

Analysis Date

-

Semi-volatile compound CROL

3-Nitroaniline 1600

Acenaphthene 330

2,4+Dinftrophenal 1400

4-Hitrophenal 1600

Oibenzofuran 330

2,4-Dinftrotoluene 330

Diethylphthalate 330

&-Chlorophenyl-phenylether 330

Fluorene - 330

4+Nitroaniline 1600

4,6-Dinitro-2-methytphenal 1600

N-Hitresodiphenylamine 330

4-Bromophenyl «phenylether 330

Hexechlorobenzens ’ 130

Pentachlorophensl 1500

Phenanthrene 330

Anthracene 330

Si-n-butylphthalate 330

Fluoranthene 330

Pyrene 330

Butylbenzylphthalate 330

3,3'-pichtorobentidine 460

Benzola)anthracene 330

Chrysens ' 330

bis{2-Ethylhexyl)phthalate 330

Oi-n-octyl phthatate 330

Benzo(b)fluoranthens 330

Benzalk)fluoranthene 330

Benrala)pyrene 330

indeno (1,2,3-cd)pyrene 330

Dibenz{s, hjanthracens 330

Senzolg,h, ilperylene 330

CROL  Contract Required Detectlon Limit, ]

4 OQuantitation Is opproximate due to Limitations ldentified during the quality control rovlew.
U) ounntitetion {imit is opproximte due to Limltations Identified In the gquality control review,
R value i3 rejected. : .

£
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THP2-5-3

CERCLIS STTE NAME:
CASENO.__

" . CLP EXTRACTABLE ORDANIC ANALYSIS

PABLE . o
SOIL ANALYTICAL RESULTS (ugh)

, S0 NO.,

PAGE_ of_

Sample Location

Sample Humber

Traffic Report Number

femarks

Sampling Date

Extraction Date

Anaiysis Date

Pesticide/PCB Compond

CROL

alpha-8HL
-|beta«BHC

delta-BHC
gamma<BHC {Lindane)
Heptachlor

Aldrin

Heptachlor epoxide
Endasulfan |
Dietdrin

4,44 -DOE

Endrin

Endosulfnn 11

4,41 00D
Endasulfan sulfate
§,4t-001
Methoxychlor
Endrin ketone
sipha-Chlordane
1ganma-Chlordane
Toxpphene
Aroclor-1016
Aroclor-1224
Aroclor-1232
Aroclor-1242
Aroclor- 1248
Aroclor- 1254
Aroelor+1260

[ a0
- M

“ a4 x m ow o om ok

—_
O3 CO 0 {0 s (D Co =+ (3 = =5 —= b ok ok b
. e . e b

.

CODOQOOoORoOr-Omknin 306
OO0 oO0O0OD 0000000000000 O

Ctontract Required Quant

totion Lim

fald

guantitation ts approximate due to |
quantitation i approximate due to Uimitatfons fdentified in the gquality centrol review,

Vntue {3 rejected,

imitations fdentifiéd durfng the quality control review.

WHO04 MTIATH VIVA °€

(ponupuod) [ XIGNIIAY
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TMPZ2=6-1

TADBLE

CLP EXTRACTABLE OROANIC ANALYSIS

CORCLIS SITE NAME:

SCIL SAMPLE QUANTITATION LIMITS (ug/kg)

CASENO, , SDA NO.,

PAGE____of

sample Location

Sample Number

Traffic Report Number

Remarks

Sampling bDate

Gilution factor

Percent Soiids

Semi-voiatile Compound

Pheno!

bis (2-Chloreethyl) ethee
2-chloropheno!
1,3-bichlorebenzens
1,4-0fchlorobenzens
Benzyl Alcohol
1,2-piehlerebanzens
Z-Methylphenol

bis (2«Chitoreigopropyl)ether
4=-Methylphenol
N-Hitroso-di-n-prepylamine
Hexachloroethane
Hitrobenzene

Isopharone

2-M1itraphensl

2, 4-Dimethylphenol
Benzoic acid

bis (2-Chlorpethoxy) mathane
2,4-Richlorephenol
1,2,4-Trichlorobenzens
Haphthalene
4-~Chloroaniline
Hexachlorobutadiene
4-Chlero-3-methy{phenol
2-Methylnaphthat ene
Hexachlorocye lopentadiens
2,4,6-Trichlorophenol
2,4,5-Trichlorophenol
Z2-Chiorcnaphthalene
2-Nitroaniline
Dimethylphthalate
Acenaphthylens
2,6-Dinftrotoluene

Sompie Quantitation L
UJ auantitation limit {a approximated due to [imitations {dentified {n the quality contrel review.

R Vvalue is rejected.

y

mits are reported on a dry weight basis,

s

WH0d MIIATE VILVA £
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THP2-4-2

TADLE,

GLP EXTRACTABLE ORGANIC ANALYSIS' SOIL SAMPLE QUANTITATION LIMITS {ugh}

CRRCLIS STTE NAME:
CASE HO. . SDA HO.

PAGE of

Sample Location .

Samele Humber

Traffic Report Number

Remarks

Sampling Oate

Dilution Factor

Percent Tolids

Semi-Volatile Compound

3-Higroaniline
Acenaphthene
2,4+Dinitrophenol
4-Mitrophenol
pibenzofuran

2, 4-Dinftrotoluene
biethylphthalate
4+Chlorophenyl-phenylether
flusrene

4-Nitroaniline
4,6-0lnitro-2-methylphenol
H-Nitrosodiphenylamine
4-Bromophanyl -phenylether
Hexachlorobenzene
Pentachlorophenol
Phenanthrane

Anthracene
pi-n-butylphthalate
Fluoranthene

Pyrens
Butyibenzylphthalate

3,3/ -Dichlorobenzidine
Benzo{a)anthracene
Chrysens
bis(2-Ethythexyliphthalate
Di-n-octyl phthalate
Benzo{b)flucranthene
genzoCk) fluoranthene
Benzela)pyrene

Indene (1,2,3-¢d)pyrene
pibenz{a, hlanthracene
genzofg,h,i}perylene

Sample CQuantitat

on Limits are reported on dry weight basis.

Ul Guantitatien Limits are spproximate due to Uimitatfons ident
R value is rejected.

{fied during the guality control revied.

WHO1 MIATATY VIVA 'f
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TMP2-4-3

TADLE :
CLP EXTRACTADLE OROANIC ANALYSIS - SOILSAMPLE QUANTTCATION LIMITS (ugf)

CRRCLIS STHLHAMIY,
CASENO, , SDAND,

PAGE of

Ssmple Location

Sample Number

Teaffic Report Humber

Remnrhy

Sempling Date

Bilution Factor

Pereent Solidn

Pestic idc_fPCB Compotind

alpha-8HE

beta-BME

delta-BHC
garma-BHC (Lindane)
Heptachlor

Aldrin

Heptachlor epoxida
Endosul fan 1
Dietdrin

4,41 +DDE

Erdrin

Endosut fan 11

4, 41-pDD
endesul fan sulfate
4, 4¢-DDT
Kethoxychlor
Endrin ketone
alphs-Chlordane
gamma-Chiordane
Toxsphene
Aroclor-1014
Aroclor-1221
Aroclor-1232
Aroclor1242
Aroclor-1248
Arocleor-125%4
Aroclor-1240

uJ

Sample Quantitation Limits are reported on dry 'uaight basis,
cuantitation Limits are approximate due to timitations identified during the quality control rev!ew,
% : _

WaQd MA1AAY VIVa
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APPENDIX II
LISTING OF COMMON POLLUTANTS GENERATED BY SEVEN INDUSTRIES

Appendix II identifies seven industries that generate waste which contains pollutants that
are known to pose human and environmental hazards. This appendix is intended to aid the
reader in three ways:

o To assist in the identification of target compounds and potential exposure pathways.

o To predict associated contaminants that potentially yield interferences.

o To assist in early identification of sites that contain high levels of compounds that
may not be included as target analytes for routinely available methods.

The data for these tables were obtained by searching the USEPA Toxic Release Inventory
System using the Standard Industrial Classification (SIC) codes listed below:

In r SIC Code
1 Battery Recycling 3691, 3692
2 Munitions/Explosives 2892

3 Pesticides Manufacturing 2842, 2879
4 Electroplating 3471

5 Wood Preservatives 2491

6 Leather Tanning 3111

7 Petroleum Refining 2911

The appendix consists of seven tables and depicts the pollutants associated with each of
the seven industries, the CAS number of each pollutant, and the matrices where each pollutant
has been found. The list is not inclusive of all pollutants or industrial sources. The seven
industries were selected based on the recommendation of the Risk Assessment Subgroup of the
Data Useability Workgroup because of the frequency of occurrence of the pollutants produced
by those industries in Superfund sites.

153
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A dix 1

LISTING OF C ON POLLUTANTS
GENERATED BY SEVEN INDUSTRIES

INDUSTRY 1: BATTERY RECYCLING

Rank Compound CAS Number Air Water Soil Other
1 LEAD 7439921 Y Y Y Y
2 SODIUM SULFATE (SOLUTIONI) 7157826 Y
3 SODIUM HYDROXIDE {SCLUTION) 1310732 Y . Y
4 SULFURIC ACID 7664939 Y Y. Y
5 AMMONIUM SULFATE (SOLUTION) 7783202 Y
6 MANGANESE 7439965 Y Y Y Y
7 1,1,1-TRICHLOROETHANE 71856 Y Y Y
8 METHANOL 67561 Y Y Y
9 FREON 113 76131 Y : Y
10 TRICHLOROETHYLENE 79016 Y Y . Y
11 TOLUENE 108883 Y Y
12 ZINC 74406665 Y Y Y
13 AMMONIA 7664417 Y Y Y
14 CADMIUM 7440439 Y Y Y Y
15 ANTIMONY 7440360 Y Y Y
I6 BARIUM 7440393 Y Y Y
17 NICKEL 7440020 Y Y Y Y
18 FORMALDEHYDE 50000 Y Y
9 ACETONE 67641 Y

20 XYLENE (MIXED ISOMERS) 1330207 Y

21 TETRACHLOROETHYLENE 127184 Y Y
22 DICHLOROMETHANE 75092 Y Y
23 PHENOL 108952 Y Y
24 MERCURY 7439576 Y Y Y
25 N-BUTYL ALCOHOL 71363 Y

26 METHYL ETHYL KETONE 78533 Y Y
27 METHYL ISOBUTYL KETCNE 108101 Y

28 HYDROCHLORIC ACID - 7647010 Y Y

29 NITRIC ACID 7697372 Y Y
30 1,1,1-TRICHLOROETHANE (METHYL CHLOROFORM) 71556 Y

31 COBALT 7440484 Y Y Y
32 ARSENIC 7440382 Y Y
33 COPPER 7440503 Y Y
34 SILVER 7440224 Y Y Y
35 ACETONITRILE 75058 Y

L]
. Rank = Order of Frequency of Occurrence
Other = Other Matrices (Biota, Hazardous Waste, Sludge, etc.}
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LISTING OF C ﬂON POLLUTANTS
GENERATED BY SEVEN INDUSTRIES
INDUSTRY 2: MUNITIONS/EXPLOSIVES

Rank Compound CAS Number Air Water Soil Other
1 ACETONE 67641 Y Y Y Y
2 NITRIC ACID 7697372 Y Y Y Y
3 AMMONIUM NITRATE (SCLUTION) 6484522 Y Y Y Y
4 PENTACHLOROFPHENCL 87865 Y
b SODIUM SULFATE (SCLUTION) 7157326 Y
6 AMMONIA 1664417 Y Y Y
7 SULFURIC ACID 7664939 Y Y Y Y
8 METHYL ETHYL KETONE 78933 Y Y
9 CYCLOHEXANE 110827 Y Y
10 CHLORINE 7782505 Y Y

11 NITROGLYCERIN 55630 Y Y Y Y
12 DICHLOROMETHANE 75092 Y Y
13 CALCIUM CYANAMIDE 156627 Y Y

14 LEAD 7439921 Y Y Y Y
15 ETHYLENE GLYCOL . 107211 Y Y Y

16 N-BUTYL ALCOHOL 71363 Y

17 TERT-BUTYL ALCOHOL 75650 Y Y
I3 M-XYLENE 108383 Y

19 METHANCL 67561 Y Y Y
20 ASBESTOS (FRIABLE) 1332214 Y
21 1,1,1-TRICHLOROETHANE 71556 Y Y
22 POLYCHLORINATED BIPHENYLS 1336363 Y
23 COPPER 7440508 Y Y Y Y
4 "‘ALUMINUM 7429905 Y Y Y Y
25 2,4-DINITROTOLUENE 121142 Y Y

26 GLYCOL ETHERS 79141 Y

27 BENZENE 71432 Y Y Y Y
28 - BIS(2-ETHYLHEXYL) ADIPATE 103231 Y

29 ZINC T440666 Y _

30 DIBUTYL PHTHALATE 24742 Y Y Y

3 SODIUM HYDROXIDE (SOLUTION) 1310732 Y Y

2 DIETHYL PHTHALATE 84662 Y

Rxmk Order of Frequency of Occurrence

Other = Other Matrices (Biota, Hazardous Waste, Sludge, ete.)
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' %:pendlx 11
LISTING OF COMMON POLLUTANTS
GENERATED BY SEVEN INDUSTRIES
INDUSTRY 3: PESTICIDES MANUFACTURING

Rank Compound CAS5 Number Air Water Sail Other
| SODIUM SULFATE (SOLUTION) 7757826 Y Y Y
2 AMMONIA 7664417 Y Y Y Y
3 TOLUENE 108883 Y Y Y Y
4 SODIUM HYDROXIDE (SCLUTION) 1310732 Y Y Y Y
5 TITANIUM TETRACHLORIDE : 7550450 Y
G METHANOL 67561 Y Y Y Y
7 DICHLORCMETHANE 75092 Y Y Y Y
8 XYLENE (MIXED ISOMERS) - 1330207 Y Y Y Y
9 CHLOROBENZENE 108907 Y Y Y
1¢ HYDROCHLORIC ACID 7647010 Y Y Y Y
11 CHLOROPHENOLS 106489 Y Y Y Y
12 STYRENE 100425 Y Y Y
13 ACRYLONITRILE 107131 Y Y Y
14 FORMALDEHYDE 50000 Y Y Y Y
15 CARBON TETRACHLORIDE 56235 Y Y Y Y
16 CHLOROTHALONIL 1897436 Y Y Y
17 1,2-DICHLOROETHANE 107062 Y Y Y Y
18 ACETONE - 67641 Y Y Y Y
19 HEXACHLOROBENZENE 118741 Y Y Y

20 1,1,1-TRICHLOROETHANE 71556 Y Y Y
21 ETHYLENE GLYCOL 107211 Y Y Y Y
22 GLYCOL ETHERS 79141 Y Y Y Y
23 1,3-BUTADIENE ' 106990 Y Y Y
24 ~ CHLOROMETHANE _ 74873 Y Y
25 CAPTAN i . 133062 Y Y Y
26 TETRACHLOROETHYLENE 127184 Y Y Y Y
27 CHLORINE 7782505 Y Y Y Y
28 CARBARYL 63252 Y Y Y
29 COPPER 7440508 Y Y Y Y
3¢ PARATHION i . 56382 Y Y
31 ZINEB 12122677 ' Y
32 PYRIDINE 110861 Y Y
33 AMMONIUM NITRATE (SOLUTION) 6484522 Y
34 PHOSPHORIC ACID 7664332 Y Y Y Y
35 CARBON DISULFIDE 75150 Y Y
36 1,2 4-TRICHLOROBENZENE 120321 Y Y Y
37 SULFURIC ACID 7664939 Y Y Y Y
g MALEIC ANHYDRIDE 108316 Y Y Y
39 ETHYLBENZENE 100414 Y Y Y
40 2,4-D 94757 Y Y Y Y
41 BROMOMETHANE ' 74839 ¥ .

: Y

42 SEC-BUTYL ALCOHOL 78922

: Rank = Order of Frequency of Occurrence
Other = Other Matrices (Biota, Hazardous Waste, Studge, ctc.)
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Appendix I -
LISTING OF C: ON POLLUTANT
GENERATED BY SEVEN INDUSTRIES
INDUSTRY 3: PESTICIDES MANUFACTURING

CAS Number Air ‘Water Soit |

4
. Rank = Order of Frequency of Occurrence
Other = Other Matrices (Biota, Hazardous Waste, Sludge, ete.)

106423

Rank Compound Other
43 LEAD 7439921 : Y
44 CUMENE 93828 Y Y Y
45 M-XYLENE 108383 Y Y
46 ASBESTOS (FRIABLE) 1332214 Y Y
41 FREON {13 - 76101 Y Y
48 DICHLOROBENZLNE (MIXLL ISOMLERS) 25321226 Y Y Y
49 CYCLOHEXANE 110827 Y Y Y
30 2,4-DICHLOROPHENOL 120832 Y Y
51 {,4-DICHLCROBENZENE 106467 Y
52 DICHLOROBROMOMETHANE 75274 Y : Y
53 TRIFLURALIN 1582098 Y Y Y Y
54 1,2,4-TRIMETHYLEENZENE 95636 Y Y ' Y
35 METHYL ISOBUTYL KETONE 108101 Y Y Y
56 1,4-DIOXANE 123911 Y Y
37 NITRIC ACID 1697372 Y Y Y
58 N-BUTYL ALCOHOL 71363 Y Y Y
39 FLUOMETURON 2164172 Y Y Y
60 2-METHOXYETHANOCL 109364 : Y
61 BIS(2-ETHYLHEXYL) ADIPATE 103231 Y Y
62. PHENCL 108952 Y Y Y
63 ACRYLIC ACID - 79107 Y Y Y
64 QUINTOZENE - 82688 Y Y
65 ALUMINUM - 1344281 Y Y Y Y
66 BENZOYL PEROXIDE 94360 Y Y
67 O-XYLENE" 95476 Y . _
68 CHROMIUM 7440473, Y Y Y
69 2-PHENYLPHENOL 90437 Y Y _
0 HYDROGEN CYANIDE 74908 Y Y Y
7L ZINC S 7440666 Y Y Y Y
72 HEXACHLOROCYCLOPENTADIENE 77474 : Y
73 DICOFOL. 115322 Y : Y
74 BIPHENYL 92524 Y Y Y
75 4-NITRCPHENOL _ 100027 Y Y b4
76 METHYL ETHYL KETONE 78933 Y Y
71 TRICHLOROETHYLENE 79016 Y Y
78 M-CRESOL : 108394 Y Y
79 TETRACHLORVINPHOS 961115 Y
B0 DI(2-ETHYLHEXYL) PHTHALATE (DEHP) 117817 Y Y
81 TEREPHTHALIC ACID - 100210 Y - Y
82 DICHLORVOS 62737 Y Y
83 MANEB 12427382 Y Y
84 P-XYLENE . Y Y
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Appendix II
LISTING OF COMMON POLLUTANTS
GENERATED BY SEVEN INDUSTRIES
INDUSTRY 3: PESTICIDES MANUFACTURING

Rank Compound CAS Number Air Water Seil Other
85 METHYLENE BROMIDE 74953 Y
88 CHLORAMBEN : 133904 Y Y
87 BENZENE 71432 Y Y
88 HYDROGEN FLUORIDE 7664393 Y Y
89 ETHYLENE 74851 Y :
90 C.1. ACID BLUE 9, DISODIUM SALT 3844459 Y
91 DIMETE. rL SULFATE _ 77781 Y
92 ISOPROPYL ALCQHOL 67630 Y
93 HYDRAZINE 302012 Y Y
94 VINYL CHLORIDE _ 75014 Y
95 METHYLENEBIS(PHENYLISOCYANATE) 101688 Y Y
96 EPICHLOROHYDRIN 106898 Y
97 PROPYLENE 115071 Y
98 NITRILOTRIACETIC ACID . 139139 .
99 ARSENIC 7440382 Y Y
100 NAPHTHALENE 91203 Y Y
101 VINYLIDENE CHLORIDE 75354 Y
102 TRICHLORFON 52686 Y Y
103 DIBUTYL PHTHALATE 84742 Y
104 ANILINE' 62533 Y Y
105 METHOXYCHLOR 72435 Y Y Y
106 DIETHANOLAMINE 111422 Y Y Y Y
107 NITROBENZENE 98953 Y Y
108 CYANIDE COMPOUNDS 571258 Y Y
109 AMMONIUM SULFATE (SOLUTION) 7743202 Y
110 LINDANE 53899 Y Y
11 POLYCHLORINATED BIPHENYLS ‘ 1336363 Y Y
112 PROPYLEN® OXIDE . 75569 Y
113 2,4-DINITRWPHENCL, 51285 Y Y Y
114 PHOSGENE 75445 Y
115 HEXACHLOROETHANE 67721 Y
116 CADMIUM 7440439 Y
117 ETHYLENE OXIDE 75218 Y
118 BENZYL CHLORIDE 100447 Y Y
119 4,6-DINITRO-0-CRESOL 334521 Y
120 CHLCOROBENZILATE 510156 Y

L]
. Rank = Order of Frequency of Oceurrence
Other = Other Matrices (Biota, Hazardous Waste, Sludge, etc,)
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' Appendix II
LISTING OF COMMON POLLUTANTS
GENERATED BY SEVEN INDUSTRIES

INDUSTRY 4: ELECTROPLATING
]

Rank Compound CAS Number Air Water Soil Other
l SULFURIC ACID 7664939 Y Y Y Y
2 HYDROCHLORIC ACID 7647010 Y Y Y Y
3 SODIUM HYDROXIDE (SOLUTION) 1319732 Y Y Y Y
4 1.1,1-TRICHLOROETHANE 71556 Y Y Y Y
5 SODIUM SULFATE (SOLUTION) T157826 Y Y Y
] NITRIC ACID 7697372 Y Y Y Y
7 DICHLOROMETHANE 75092 Y Y Y
8 NICKEL 7440020 Y Y Y Y
9 TRICHLOROETHYLENE 79016 Y Y Y
10 CHROMIUM 7440473 Y Y Y Y
It TETRACHLOROETHYLENE : . 127184 Y Y Y Y
12 METHYL ETHYL KETONE 78933 Y Y Y
13 ’ ZINC 7440666 Y Y Y Y

14 FREON 113 76131 Y Y Y
15 ALUMINUM : 7429905 Y Y Y Y
16 COPPER 7440508 Y Y Y Y
17 IPHOSPHORIC ACID 7664382 Y Y Y Y
18 TOLUENE 108833 Y Y Y Y
19 LEAD 7439921 Y Y Y Y
20 XYLENE (MIXED ISOMERS) 1330207 Y Y
21 ACETONE 67641 Y Y Y
22 CADMIUM 7440439 Y Y Y
23 ETHYLBENZENE 100414 Y Y
24 ETHYLENE GLYCOL 107211 Y Y Y Y
25 CYANIDE COMPOUNDS 57125 Y Y Y Y
26 AMMONIA TE64417 Y Y Y
27 FORMALDEHYDE S0000 Y Y Y
23 GLYCOL ETHERS 79141 Y Y Y
29 CHLORINE . 7782505 Y Y Y
a0 METHANOL 67561 Y Y Y
31 ETHYLENE OXiDE 75218 Y

2 METHYL JSOBUTYL KETONE 108101 Y Y
33 2-METHOXYETHANOL 109864 Y Y
34 HYDROGEN FLUQORIDE 7664393 Y Y Y
35 PHENOL 108952 Y Y
36 1,2-DICHLOROBENZENE 95501 Y Y
37 N-BUTYL ALCOHOL 71363 Y Y
38 TERT-BUTYL ALCOHOL 15650 Y

39 BARIUM 7440393 Y
40 VINYLIDENE CHLORIDE 15354 Y

41 2-ETHOXYETHANOL ) 110805 Y Y
42 ISOPROPYL ALCOHOL 67630 Y

.
. Rank = Order of Frequency of Qccurrence
Other = Other Matrices (Biota, Hazardous Waste, Sludge, ct¢.)
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Appendix 11
LISTING OF COMMON POLLUTANTS
GENERATED BY SEVEN INDUSTRIES

INDUSTRY 4: ELECTROPLATING

Rank Compound CAS Number Air’ Water Seil Other
43 MANGANESE 7439965 Y Y
44 HYDROGEN CYANIDE 74908 Y
45 STYRENE 100425 Y
46 TETRACHLORVINPHOS 961115 Y
47 MELAMINE 108781 Y
48 N-DIOCTYL PHTHALATE 117840 Y
49 1,4-DIOXANE 123911 Y '
50 COBALT 7440434 Y
51 NAPHTHALENE 21203 Y
52 AMMONIUM SULFATE (SCLUTION) 7783202 Y
53 SILVER 7440224 Y Y
54 PROPYLENE 115071 Y

a
, Rank = Order of Frequency of Occurtence
Other = Other Matrices (Biota, Hazardors Waste, Sludge, etc.)
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A ix I
LISTING OF C(?WON POLLUTANTS
GENERATED BY SEVEN INDUSTRIES
INDUSTRY 5: WOOD PRESERVATION

Rank Compound . CAS Number Air Water Seil Other
1 CHROMIUM T440473 Y Y Y Y
2 NAPHTHALENE 91203 Y Y Y Y
3 AMMONIA T664417 Y Y Y
4 PENTACHLOROPHENOL 87865 Y Y Y Y
5 DIBENZOFURAN 132649 Y Y Y Y
6 ANTHRACENE _ 120127 Y Y Y Y
7 COPPER : 7440508 Y Y Y Y
2 ARSENIC 7440382 Y Y Y Y
9 FORMALDEHYDE 50000 Y
10 BIPHENYL 92524 Y Y Y Y
il BENZENE 71432 Y Y
12 DICELOROMETHANE 75092 Y
13 1,1,1-TRICHLORCETHANE 71556 Y Y
14 AMMONIUM SULFATE (SOLUTION) 7783202 Y Y
15 QUINOLINE : 91225 Y Y Y Y
16 PHENOL : 108952 Y Y
17 ZINC . 7440666 Y Y
18 PHOSPHORIC ACID 7664382 Y
19 O-CRESOL 95487 Y Y

20 HYDROCHLORIC ACID 7647010 Y
21 M-CRESOL 108394 Y Y

. Rank = Order of Frequency of Occurrence
Other = Other Matrices (Biota, Hazardous Waste, Sludge, etc.)
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: tgapendlx I
LISTING OF COMMON POLLUTANTS
GENERATED BY SEVEN INDUSTRIES
INDUSTRY 6: LEATHER TANNING

Rank Compound _ CAS Number Air Water Sait Other
1 AMMONIUM SULFATE (SOLUTION) 7783202 Y Y Y Y
2 SULFURIC ACID 7664939 Y Y Y
3 SODIUM HYDROXIDE (SOLUTION) 1310732 .Y Y
4 AMMONIA 7664417 Y Y . Y Y
3 TOLUENE 108883 Y Y
6 SODIUM SULFATE (SOLUTION) TISTB26 Y
7 METHYL ETHYL KETONE 78933 Y Y
8 XYLENE (MIXED ISOMERS) 1330207 Y Y Y
9 CHROMIUM 7440473 Y Y Y Y
10 GLYCOL ETHERS 79141 Y Y Y
11 METHYL ISOBUTYL KETONE 103101 Y Y Y
12 2-METHOXYETHANOL 109864 Y Y Y
13 ACETONE 67641 Y ’ Y Y
14 2-ETHOXYETHANOL : 110805 Y Y Y
15 N-BUTYL ALCOHOL . 71363 Y Y Y
I6 - TETRACHLOROETHYLENE 127184 Y Y
17 CYCLOHEXANE 110827 Y Y
18 AMMONIUM NITRATE (SOLUTION) 6484522 Y
19 MANGANESE . : 7439965 Y Y Y

20 1,1,1-TRICHLOROETHANE 71556 Y

21 DICHLOROMETHANE 75092 Y

22 DIETHANOLAMINE 111422 Y Y
23 METHANOL ' 67561 Y Y

24 ISOPROPYL ALCOHOL 67630 Y

25 PHQOSPHORIC ACID 7664382 Y

26 ETHYLENE GLYCOL 107211 Y

27 FREON 113 76131 Y

28 PHENOIL, 108952 Y

29 ETHYL ACRYLATE 140885 Y

[ ]
. Rark = Order of Frequency of Occurrence
Other = Other Matrices (Biota, Hazardous Waste, Sludge, e1c.)
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SMON P
LISTING OF C(f ON POLLUTANTS
GENERATED BY SEVEN INDUSTRIES
INDUSTRY 7: PETROLEUM REFINING

Rank Compound CAS Number Air Warer - Soil Other
1 SODIUM SULFATE (SOLUTION) 1157826 Y Y Y Y
2 ALUMINUM 7429505 Y Y Y Y
3 AMMONIA 7664417 Y .Y Y Y
4 SODIUM HYDROXIDE (SOLUTION) 1310732 Y Y Y Y
5 SULFURIC ACID 7664939 Y Y Y Y
6 TOLUENE 108883 Y Y Y Y
7 XYLENE. (MIXED ISOMERS) 1330207 Y Y Y Y
8 BENZEN 71432 Y Y Y Y
9 METHYL ETHYL KETONE 78933 Y Y Y Y
{0 FROPYLENE 115071 Y Y Y

11 PHENOL 108952 Y Y Y Y
12 DIETHANOLAMINE 111422 Y Y Y Y
13 ETHYLENE 74851 Y Y Y
14 METHANOL 67561 Y Y Y Y
15 CYCLOHEXANE 110827 Y Y Y Y
16 1,2, 4-TRIMETHYLBENZENE 95636 Y Y Y Y.
17 ETHYLBENZENE 100414 Y Y Y Y
18 PHOSPHORIC ACID 7664382 Y Y Y Y
19 CHROMIUM 7440473 Y Y Y Y
20 METHYL TERT-BUTYL ETHER 1634044 Y Y Y Y
21 ASBESTOS (FRIABLE) 1332214 Y Y
22 P-XYLENE 106423 Y Y Y Y
px . AMMONIUM SULFATE (SOLUTION) 7783202 Y Y
24 M-XYLENE 108383 Y Y Y Y
25 CUMENE 98828 Y Y Y Y
26 ACETONE 67641 Y Y Y

27 CRESOL (MIXED ISOMERS) 1319773 Y Y Y Y
28 HYDROGEN FLUORIDE 7664393 Y Y Y Y
29 O-XYLENE 93476 Y Y Y Y
30 NAPHTHALENE 91203 Y Y Y Y
31 NICKEL 7440020 Y Y Y Y
32 CHLORINE 7782505 Y Y Y
33 LEAD 7439921 Y Y Y Y
34 METHYL ISOBUTYL KETONE 108101 Y Y

is ETHYLENE GLYCOL 107211 Y Y Y Y
36 MOLYRDENUM TRIOXIDE 1313275 Y Y Y Y
37 ZINC 7440666 Y Y Y Y
33 HEYDROCHLORIC ACID 7647010 Y Y Y
k1> B GLYCOL ETHERS 79141 Y Y Y Y
40 BARIUM 7440393 Y Y Y Y
41 COPPER 7440508 Y Y Y Y
42 1,1,1-TRICHLOROETHANE 71556 Y Y Y Y

[}
. Rank = Order of Frequency of Occurrence

Other = Other Matrices (Biota, Hazardous Waste, Sludge, etc.)
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Appendix 0
LISTING OF C MMON POLLUTANTS
GENERATED BY SEVEN INDUSTRIES
INDUSTRY 7; PETROLEUM REFINING

Rank Compound CAS Number Air Water Sail Other
43 ANTIMONY 7440360 Y Y Y Y
44 1,3-BUTADIENE 106990 - Y Y Y
45 N-BUTYL ALCCHOL 71363 Y
46 FORMAILDEHYDE 50000 Y Y Y Y
47 EPICHLOROCHYDRIN 106898 Y Y
43 COBALT 7440484 Y Y Y Y
49 VANADIUM (FUME OR DUST)} 7440622 Y Y Y
50 CUMENE HYDROFEROXIDE 80159 Y
51 TERT-BUTYL ALCOHOL 75650 Y Y
52 4,4'-ISOPROPYLIDENEDIPHENOL 80057 Y Y
53 BUTYRALDEHYDE 123728 Y
54 BIPHENYL 92524 Y Y Y Y
55 CARBON TETRACHLORIDE 56235 Y Y Y Y
56 STYRENE 100425 Y Y Y Y
57 TRICHLOROETHYLENE 79016 Y Y
58 MANGANESE 7439965 Y Y Y
59 ETHYLENE OXIDE 75218 Y
60 AMMONIUM NITRATB (SOLUTION) 6484522 Y
61 CARBON DISULFID 75150 Y Y
62 1, Z-DICHLOROETHANE 107062 Y Y Y Y
63 POLYCHLORINATED BIPHENYLS 1336363 Y
64 PHOSPHORUS (YELLOW OR WHITE) 7723140 Y
65 QUINOLINE . 91225 Y
66 2-METHOXYETHANCL 109864 Y Y Y
67 1,2-DIBROMOETHANE 106934 Y Y Y Y
68 TETRACHLORCETHYLENE 127184 Y Y Y
69 ANTHRACENE 120127 Y Y Y
70 2,4-DIMETHYLPHENOL 105679 Y Y
71 HYDROGEN CYANIDE 74908 Y Y
72 CHLOROMETHANE 74873 Y X
73 NITROBENZENE 98953 Y
74 1,2-DICHLOROPROPANE 78875 Y Y Y
75 CARBONYL SULFIDE 463581 Y Y
76 ACETONITRILE 75058 Y
77 SILVER 7440224 Y Y Y
78 2-ETHOXYETHANCL 110805 Y
79 THALLIUM 7440280 Y Y
80 FREON 113 76131 Y
81 SELENIUM 7182492 Y Y Y
82 DICHLOROMETHANE 75092 Y
83 MERCURY 7439976 Y Y Y
84 CADMIUM 7440439 Y Y Y

. Rank = Order of Frequency of Occurrence
Other = Other Matrices (Biota, Hazardous Wasts, Studge, etc.) .
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Appendix 11
LISTING OF C

ON POLLUTANTS

GENERATED BY SEVEN INDUSTRIES
INDUSTRY 7: PETROLEUM REFINING

CAS Number

CHLOROFORM

]
. Rank = Order of Frequency of Occurrence
Other = Other Matrices (Biowa, Hazardous Waste, Sludge, cic.)

Rank Compound Air Water Soit Other
85 1,1,2-TRICHLOROETHANE 79005 Y Y
36 ARSENIC 7440382 Y Y Y Y
87 CYANI{DE COMPOUNDS 57128 Y
88 CHLORINE DICXIDE 10049044 Y
89 ACRYLIC ACID : 79107 Y
20 1,3-DICHLOROPROPYLENE 542756 Y
91 1,2-BUTYLENE OXIDE 106887 Y
92 CHLOROBENZENE - 108907 Y
93 1,4-DIOXANE 123911 Y
94 DI(2-ETHYLHEXYL) PHTHALATE (DEHP) 117817 Y
95 BERYLLIUM 7440417 Y
96 67663 Y
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: APPENDIX 1I1
LISTING OF ANALYTES, METHODS, AND DETECTION OR QUANTITATION LIMITS
FOR POLLUTANTS OF CONCERN TO RISK ASSESSMENT

The purpose of this appendix is to familiarize the reader with the variety of EPA
methods that are available for analysis of pollutants of concern in risk assessment. The
appendix facilitates appropriate method selection for pollutants in the matrix of interest.

Appendix I consists first of a summary of definitions of commonly used detection
limits and quantitation limits, Tables I, II, and III depict detection limit estimates achievable
for 33 organic and inorganic pollutants of potential concern to risk assessment in air, soil, and
water matrices respectively. The detection limits listed hergin are provided for guidance and
may not always be achievable. Specific quantitation limits are highly matrix-dependent.

Table IV provides a summary of each method of analysis for these pollutants. The 33
_pollutants listed were chosen because they are highly toxic and/or have reported cancer risks,
and occur at a frequency of greater than 2% in 141 National Priorities List (NPL) sites.*

'Tables V-A and V-B provide an additional comparison of analytical methodologies for
selected organic compound classes and inorganic analytes including method detection ranges
and the applicable analytical system and preparation procedures.

*Source: CLP Statistical Database (STAT).
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Instrumentation
CVAA =
ECD =
ELCD =
FID =
FLAME =
Fluor =
FPD =
GC=
GC-MS =
GFAA =
HPLC =
HYDAA =
LC=

MS =
NPD =
PID =

UY =

APPENDIX it
GLOSSARY

Cold Vapor Atoric Absorption

Electron Capture Detector

Elsctrolytic Conductivity Detector

Flame lonization Detector

Flame Atomic Absorption

Fluorescence

Flamme Photometric Detector

Gas Chromatography

Gas Chromatography-Mass Spectrometry
Graphite Furnace Atomic Absorption

" High Pressure Liquid Chromatography

Hydride Atomic Absorption
Inductively Coupled Plasma
Liquid Chromatography

Mass Spectrometry
Nitrogen/Phosphorus Detector
Photoionization Detector
Ultraviolet

Quantitation/Detection Limits

CRDL = Contract Required Detection Limit
CRQL = Contract Required Quantitation Limit
EDL = Estimated Detection Limit
- MDL= Method Detection Limit

‘NA= Not Avaitable
PQlL = Practical Quantitation Limit
Methods/Sample Preparation
CLP SOW Contract Laboratory Program Statement of Work
DI Direct injection of liquid samples; solid samples mixed, then injected
EPA ~ Guidelines Establishing Test Procedures for the Analysis of Pollutants
: under the Clean Water Act
EPA AIR . Compendium of Methods for the Determination of Toxic Organic

Compounds in Ambient Air

EPA DW Methods for the Determination of Organic Compounds in Drinking Water
EP Extracts ~ Extraction procedure toxicity test extracts
MCAWW Methods for Chemical Analysis of Water and Wastes

QT™ Quick Turnaround Method ' '
SDDC Silver disthyldithiocarbamate

SMEWW Standard Methods for the Examination of Water and Wastewaler

. BWs4s Test Methods for Evaluating Solid Waste

‘TO Toxic organic
XTN. Extraction methods that could be used include 3510, 3520, 3540 and 3550
3510 Separatory Funnel Extraction of Liquid Samples
3540 Soxhlet Extraction of Sclid Sarmples
3550 Sonication Extraction of Solid Samples
5030 Purge and Trap
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~ APPENDIX III
TABLE 1

- METHODS AND DETECTION/QUANTITATION LIMITS FOR SPECIFIED ANALYTES OF CONCERN TO RISK ASSESSMENT

ANALYTE/
COMMON NAME
CAS NUMBER

AIR MATRICES

METHOD REFERENCE/TITLE OF METHOD

INSTRUMENT-
ATION

QUANTITATION/
DETECTION LIMIT

ORGANOCHILORINE PESTICIDES/ARQCLORS

Chlordane

EPA AIR METHOD TOQ-4 "Method for the Determination of Organochlorine
57749 Pesticides and Polychlorinated Biphenyls in Ambient Air"
p.p'-DDE - EPA AIR METHOD TO4 "Method for the Determination of Organochiorine
72559 . . Pesticides and Polychlorinated Biphenyls i Ambient Air"
p,p'-DDT EPA AIR METHOD TO-4 *Method for the Determination of Organochiorine
50293 . Pesticides and Polychlorinated Blphanyls in Ambient Air"
YOLATILE COMPOUNDS
1,1-dichloroethane EPA AIR METHOD T0-14 "The Determination of Volatlle Orgamc Compounds -
75343 - (VOCs) in Ambient Air Using SUMMA Passivated Canister Sampling and Gas

LI ,Z-tﬁchloroethane
79003

1,1,2,2-
tetrachloroethane
79345

1,2-dichioroethane
107062. '

1 ,2-dichioroproi>ane

78875

_ Chromatograplnc Analysis®

" EPA AIR METHOD TO-14 "The Determination of Volatile Organic Compounds

(VOCs) in Ambient Air Using SUMMA Passivated Canister Sampling and Gas -

+ Chromatographic Analysis”

'EPA AIR METHOD TO-14 "The Determination of Volatile Organic Compounds

(VOCs) in Ambient Air Using SUMMA Passivated Camister Sampling and Gas
Chromatographic Analysis”

EPA AIR METHOD TO-2 "Method for the Determination of Volatile Organic
Compounds in Ambient Air by Carbon Molecular Sieve Adsorption and Gas
Chromatography-Mass Spectrometry (GC-MS)”

EPA AIR METHOD TO-14 "The Determination of Volatile Organic Compounds
(VOCs) in Ambient Air Using SUMMA Passwated Canister Sgrapling and Gas
Chromatographic Analysis™ :

GC-ECD
GC-ECD
GC-ECD
GC:MS
GC-MS
GC-MS
GC-MS

GC-MS

EDL = > 1.0 ng/m’
EDL = > 1.0 ag/m>
EDL = >1.0 ng/m’
NA

NA

NA

NA

NA
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APPENDIX Il

TABLE I
METHODS AND DETECTION/QUANTITATION LIMITS FOR SPECIFIED ANALYTES OF CONCERN TO RISK ASSESSMENT
AIR MATRICES
ANALYTE/
COMMON NAME _ INSTRUMENT-  QUANTITATION/
- CAS NUMBER METHOD REFERENCE/TITLE OF METHOD ATION DETECTION LIMIT
1,4-dichlorocbenzene EPA AIR METHOD TO-1 "Method for the Determination of Volatile Qrganic GC-MS NA
106467 Compounds in Ambient Air Using Tenax Adsorption and Gas Chromatography- :
Mass Spectrometry (GC-MS)"
EPA AIR METHOD TO-14 "The Determination of Volatile Organic Compounds GC-MS NA
(VOCs) in Ambient Air Using SUMMA Passivated Canister Sampling and Gas
Chromatographic Analysis”
EPA AIR METHOD TO-3 “"Method for the Determination of Volatile Organic GC-FID/ NA
Compounds in Ambient Air Using Cryogenic Preconcentration Techniques and Gas GC-ECD
Chromatography with Flame Ionization and Electron Capture Detection”
Benzene EPA ATIR METHOD TO-1 *"Method for the Determination of Volatile Organic GC-MS NA
71432 Compounds in Ambient Air Using Tenax Adsorption and Gas Chromatography-
Mass Spectrometry (GC-MS)”
EPA AIR METHOD TO-14 "The Determination of Volatile Organic Compounds GC-MS EDL = 6.0 mgim3
(VOCs) in Ambient Air Using SUMMA Passivated Canister Samplmg and Gas
Chromatographic Analysis”
EPA AIR METHOD TO-2 “Method for the Determination of Volatile Organic GC-MS NA
Compounds in Ambient Air by Carbon Molecular Sieve Adsorption and Gas
Chromatography-Mass Specirometry (GC-MS)"
EPA AIR METHOD TO-3 "Methed for the Determination of Volatile Organic GC-FID/ NA
Compounds in Ambient Air Using Cryogenic Preconcentration Techniques and Gas GC-ECD
Chromatography with Fiame Ionization and Electron Capture Detection”
Chloroethene EPA AIR METHOD TO 14 "The Determination of Volatile Organic Compounds GC-MS NA
(Vinyl Chloride) (VQCs) in Ambient Air Using SUMMA Passivated Canister Sampling and Gas
75014 Chromatographic Analysis"
Dichloromethane EPA AIR METHOD TO-14 "The Determination of Volatile Organic Compounds GC-MS NA
{Methylene Chloride) {VOCs) in Ambient Air Using SUMMA Passivated Canister Sampling and Gas
75092 Chromatographic Analysis"
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APPENDIX IIi

TABLE I
METHODS AND DETECTION/QUANTITATION LIMITS FOR SPECIFIED ANALYTES OF CONCERN TO RISK ASSESSMENT
AIR MATRICES

ANALYTE/
COMMON NAME _ INSTRUMENT-  QUANTITATION/
CAS NUMBER METHOD REFERENCE/TITLE OF METHOD ATION DETECTION LIMIT
Dichloromethane EPA AIR METHOD TO-2 “"Method for the Determination of Volatile Organic GC-MS NA
(Methylene Chloride) Compounds in Ambient Air by Carbon Molecular Sieve Adsorption and Gas
75002 ‘Chromatography-Mass Spectrometry (GC-MS)"

EPA AIR METHOD TO-3 "Method for the Determination of Volatile Organic GC-FID/ NA

Compouads in Ambient Air Using Cryogenic Preconcentration Techniques and Gas GC-ECD

Chromatography with Flame lonization and Electron Capture Detection”
Ethenyl Benzene EPA AIR METHOD TO-14 "The Determination of Volatile Organic Compounds GC-MS EDL =10 mgfm3

(Styrene)
100425

Tetrachloroethene
(Tetrachloroethylene)
127184

Tetrachloromethane
(Carbon Tetrachloride)
56235

(VOCs) in Ambient Air Using SUMMA Passivated Canister Sampling and Gas
Chromatographic Analysis”

EPA AIR METHOD TC-3 "Method for the Determination of Volatile Organic
Compounds in Ambient Air Using Cryogenic Preconcentration Techniques and Gas
Chromatography with Flame lonization and Electron Capture Detection”

EPA AIR METHOD TO-1 "Method for the Determination of Volatile Organic
Compounds in Ambient Air Using Tenax Adsorption and Gas Chromatography-
Mass Spectrometry (GC-MS)"

EPA AIR METHOD TO-14 "The Determination of Volatile Organic Compounds
(VOCs) in Ambient Air Using SUMMA Passivated Canister Sampling and Gas
Chromatographic Analysis”

EPA AIR METHOD TO-3 "Method for the Determination of Volatile Organic
Compounds in Ambient Air Using Cryogenic Preconcentration Techniques and Gas
Chromatography with Flame Ionization and Electron Capture Detection”

EPA AIR METHOD TO-14 "The Determination of Volatile Organic Compounds
(VOCs) in Ambient Air Using SUMMA Passivated Canister Sampling and Gas
Chromatographic Analysis®

GCFID/
GC-ECD

- GC-MS

GC-MS

GC-FID/
GC-ECD

GC-MS

NA

NA

EDL = 50 mg/m>

NA

EDL = 2000 mg/m’



(44}

APPENDIX III

: . TABLE I
METHODS AND DETECTION/QUANTITATION LIMITS FOR SPECIFIED ANALYTES OF CONCERN TO RISK ASSESSMENT

' AIR MATRICES
ANALYTE/
COMMON NAME INSTRUMENT-  QUANTITATION/
CAS NUMBER METHOD REFERENCE/TITLE OF METHOD ATION DETECTION LIMIT
Tetrachloromethane EPA AIR METHOD TO-2 “Method for the Determination of Volatile Organic GC-MS NA
(Carbon Tetrachloride)  Compounds in Ambient Air by Carbon Molecular Sieve Adsorption and Gas
56235 Chromatography-Mass Spectrometry (GC-MS$)"

EPA AIR METHOD TO-3 "Method for the Determination of Volatile Organic GC-FID/ NA

Compounds in Ambient Air Using Cryogenic Preconcentration Techniques and Gas GC-ECD

Chromatography with Flame Ionization and Electron Capture Detection”
Trichloromethane EPA AIR METHOD TO-14 "The Determination of Volatile Organic Compounds GC-MS EDL = 2000 mglm3
{Chloroform) (VOCs) in Ambient Air Using SUMMA Passivated Canister Sampling and Gas
67663 Chromatographic Analysis”

EPA AIR METHOD TO-2 "Method for the Determination of Volatile Organic GC-MS NA

Compounds in Ambient Air by Carbon Molecular Sieve Adsorption and Gas

Chromatography-Mass Spectrometry (GC-MS)"

EPA AIR METHOD TO-3 "Method for the Determination of Volatile Organic GC-FID/ NA

Compounds in Ambient Air Using Cryogenic Preconcentration Techniques and Gas

Chromatography with Flame Jonization and Electron Capture Detection”

GC-ECD
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TABLE II
METHODS AND DETECTION/QUANTITATION LIMITS FOR SPECIFIED ANALYTES OF CONCERN TO RISK ASSESSMENT
SOIL/SEDIMENT MATRICES
"ANALYTE/
COMMON NAME INSTRUMENT- QUANTITATION/
CAS NUMBER METHOD REFERENCE/ TITLE OF METHOD ATION DETECTION LIMIT
INORGANICS
Arsenic CLP SOW METHOD INORG -"Statement of Work for Inorganics Analysis - GFAA-ICP CRDL = 2.0 mg/kg
7440382 Multi-Media, Muiti-Concentration”
MCAWW METHOD 206.2/SW846 Method 7060 "Arsenic (Atomic Absorption, GFAA MDL = 0.1 mg/kg
Furnace Technique)”
SW846 METHOD 6010 “Inductively Coupled Plasma Atomic Emission ICP EDL = 5.3 mg/kg
Spectroscopy”
SW846 METHOD 7061 *Arsenic (Atomic Absorption, Gaseous Hydride)” HYDAA | MDL = 0.1 mg/kg
[u—
~1 _ _ .
» Beryllium CLP SOW METHOD INORG "Statement of Work for Inorganics Analysis - GFAA-FLAME- CRDL = 1.0 mg/kg
7440417 Multi-Media, Multi-Concentration” ICP
MCAWW METHOD 210.1/SW846 Method 7090 "Beryllium (Atomic FLAME MDL = 0.5 mg/kg
Absorption, Direct Aspiration)”
MCAWW METHOD 210.2/5W846 Method 7091 "Berylhum (Atomic GFAA MDL = 0,02 mg/kg
Absorption, Furnace Technique)”
SW846 METHOD 6010 "Inductively Coupled Plasma Atomic Emissicn ICp EDL = 0.03 mg/kg
Spectroscopy”
Cadminm CLP SOW METHOD INORG “"Statement of Work for Inorganics Analysis - GEAA-ICP- CRDL = 1.0 mg/kg
7440439 Multi-Media, Multi-Concentration” FLAME
MCAWW METHOD 213.1/SW846 Method 7130 "Cadmium (Atomic FLAME MDL = 0.5 mg/kg
Absorption, Direct Aspiration)”
MCAWW METHOD 213.2/SW846 Method 7131 "Cadmmm (Atomic ' GFAA MDL = 0.01 mg/kg

Absorption, Furnace Technique)”
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APPENDIX Il

. ' . TABLE I
METHODS AND DETECTION/QUANTITATION LIMITS FOR SPECIFIED ANALYTES OF CONCERN TO RISK ASSESSMENT
SOIL/SEDIMENT MATRICES
ANALYTE/
COMMON NAME INSTRUMENT- QUANTITATION/
CAS NUMBER METHOD REFERENCE/ TITLE OF METHOD ATION DETECTION LIMIT
Cadmmum SW846 METHQD 6010 "Inductively Coupled Plasma Atomic Emission ICp EDL = 0.4 mg/kg
7440439 Spectroscopy”
Chromium, Total CLP SOW METHOD INORG “Statement of Work for Inorganics Analysis - GFAA-ICP- CRDL = 2.0 mg/kg
7440473 Multi-Media, Multi-Concentration” FLAME
MCAWW METHOD 218.1/SW846 Method 7190 "Chromium (Atomic FLAME MDL =5.0 mg/kg
Absorption, Direct Aspiration)*
MCAWW METHOD 218.2/SW846 Method 7191 "Chromium (Atomic GFAA MDL = 0.1 mg/kg
Absorption, Furnace Technique)”
SW846 METHOD 6010 "Inductively Coupled Plasma Atomic Emission ICP EDL = 0.7 mg/kg
Spectroscopy"
Chromium, Hexavalent SW846 METHOD 7195 "Chromium Hexavalent (Coprecipitation) for EP FLAME-GFAA MDL = 100 mg/kg
7440473 Extracts”
SW846 METHOD 7196 "Chromium Hexavalent (Colorimetric) for EP Extracts” Colorimeter MDL = 10 mg/kg
SW846 METHOD 7197 "Chromium Hexavalent (Chelation/Extraction) for EP FLAME MDL = 20 mg/kg
Extracts" .
SW846 METHOD 7198 *Chromium Hexavalent (Differentisl Pulse Polarography) Polarograph MDL = 20 mg/kg
for EP Extracts” _ '
Cyanide, Total CLP SOW for Inorganic Analysis-Multi-Media, High Congentration Colorimeter CRDL = 1.0 mg/kg
57-12-5
SMEWW Method 4500 CN, C, D, E, F, Total Cyanide after Distillation Colorimeter- EDL = 2.0 mg/kg
‘Titrimetric- EDL = 5.0 mg/kg
Ion-Selective

Electrode
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TABLE 11
METHODS AND DETECTION/QUANTITATION LIMITS FOR SPECIFIED ANALYTES OF CONCERN TO RISK ASSESSMENT
SOIL/SEDIMENT MATRICES
ANALYTE/
COMMON NAME INSTRUMENT- QUANTITATION/
CAS NUMBER METHOD REFERENCE/ TITLE OF METHOD ATION DETECTION LIMIT
Cyanide, SW846 Method 9010, "Total and Amendable Cyanide (Colorimetric, manual)* Colorimeter CRDL = 1.0 mg/kg
Total & '
Amenable to
Chlorination
Lead CLP SOW METHOD INORG *Statement of Work for Inorganics Analysis - GFAA-FLAME- CRDL = 0.6 mg/kg
7439921 Multi-Media, Multi-Concentration” ICP
MCAWW METHOD 239.1/SW846 Method 7420 "Lead (Atomic Absorption, FLAME MDL = 10 mg/kg
Direct Aspiration)” :
MCAWW METHOD 239.2/3W846 Method 7421 "Lead (Atomic Absorption, GFAA MDL = 0.1 mg/kg
Furnace Technique)”
$W846 METHOD 6010 “Inductively Coupled Plasma Atomic Emission ICP EDL = 4,2 mg/kg
Spectroscopy”
Mercury CLP SOW METHOD INORG "Statement of Work for [norganics Analysis - CVAA CRDL = 0.1 mg/kg
7439976 Multi-Media, Multi-Concentration” '
MCAWW METHOD 245.5 "Mercury in Sediment (Manual Cold Vapor CVAA MDL = 0.2 mg/kg
Technique)*
SW346 METHOD 7471 "Mercury in Solid or Semisolid Wastc (Manual Cold- CVAA MDL. = 0.1 mg/kg
Vapor Technique)”
ORGANOCHILORINE PESTICIDESIAROCLORS
Aroclor 1260 CLP SOW METHOD ORG *“Statement of Work for Organics Analysis - Multi- GC-ECD CRQL = 33 ug/kg
(PCB-1260) Media, Multi-Concentration”
11096825
CLP SOW METHOD QTM "Chemical Analytical Services for Multi-Media, GC-ECD - CRQL = 33 ug/kg

Multi-Concentration Samples for Organic Analysis by Quick Turnaround Gas
Chromatography Techniques” '
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TABLE 11
METHODS AND DETECTIONI QUANTITATION LIMITS FOR SPECIFIED ANALYTES OF CONCERN TO RISK ASSESSMENT
SOIL/SEDIMENT MATRICES

‘ANALYTE/ |
COMMON NAME _ : : : INSTRUMENT- QUANTITATION/
CAS NUMBER METHOD REFERENCE/ TITLE OF METHOD ATION DETECTION LIMIT
.Chlordane CLP SOW METHOD ORG “Statement of Work for Organics Analysis - Multi- GC-ECD CRQL = 1.7 ug/kg
57749 Media, Multi-Concentration”

CLP SOW METHOD QTM (Alpha and Gamma) *Chemical Analytical Services GC-ECD CRQL = 3.3 ug/kg

for Multi-Media, Multi-Concentration Samples for Organic Analysis by Quick

Turnaround Gas Chromatography Techniques® (CRQL is for Gamma Chlordane}

SWg4dé METHOD 8080 "'Organochlorine Pesticides and PCBs" GC-ECD PQL = 9.0 ug/kg
Dieldrin CLP SOW METHOD ORG "Statement of Work for Orgamcs Analysis - Multi- GC-ECD CRQL = 3.3 ug/kg
60571 Media, Multi-Concentration"

CLP SOW METHOD QTM "Chemical Analytical Services for Multi-Media, GC-ECD CRQL = 3.3 ug/kg

Multi-Concentration Samples for Organic. Analysis by Quick Turnaround Gas

Chromatography Techmques

SW846 METHOD soso "Organochlorine Pesticides and PCBs" GC-ECD PQL = 1.3 ug/kg
Heptachlor CLP SOW METHOD ORG "Statement of Work for Organics Analysis - Multi- GC-ECD CROL = 1.7 ug/kg
76448 Media, Multi-Concentration” . .

CLP SOW METHOD QTM "Chezmical Analytical Services for Multi-Media, GC-ECD CRQL = 3.3 ug/kg

Multi-Concentration Samples for Organic Analysis by Quick Turmaround Gas :

Chromatography Technignes™

SW846 METHOD 8080 "Organochlorine Pesticides and PCBs" GC-ECD PQL = 2.0 ug/kg
Lindane CLP SOW METHOD ORG "Statement of Work for Orgamcs Analysis - Multi- GC-ECD CRQL = 1.7 ug/kg
58899 Media, Multi-Concentration® .

CLP SOW METHOD QTM *Chemical Analytical Services for Multi-Media, GC-ECD CRQL = 3.3 ug/kg

Multi-Concentration Samples for Organic Analysis by Quick Turnaround Gas

Chromatography Techniques” '

/ / //'
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TABLE 1I
METHODS AND DETECTION/QUANTITATION LIMITS FOR SPECIFIED ANALYTES OF CONCERN TO RISK ASSESSMENT
SOIL/SEDIMENT MATRICES
ANALYTE/
COMMON NAME INSTRUMENT- QUANTITATION/
CAS NUMBER METHOD REFERENCE/ TITLE OF METHOD ATION DETECTION LIMIT
p.p'-DDE CLP SOW METHOD ORG "Statement of Work for Ogganics Analysis - Multi- GC-ECD CRQL = 3.3 ug/kg
72559 Media, Multi-Concentration”

CLP SOW METHOD QTM "Chemmical Analytical Services for Multi-Media, GC-ECD CRQL = 3.3 ug/kg

Multi-Concentration Samples for Organic Analysis by Quick Turnaround Gas :

Chromatography Technigues”

SW84s METHOD 8080 "Organochlorine Pesticides and PCBs" GC-ECD PQL = 2.7 ug/kg
p.p'-DDT CLP SOW METHOD ORG "Statement of Work for Organics Analysis - Multi- GC-ECD CRQL = 3.3 ug/kg
50293 Media, Multi-Concentration” :

CLP SOW METHOD QTM "Chemical Analytical Services for Multi-Media, GCECD CRQL = 3.3 ug/kg

Multi-Concentration Samples for Organic Analysis by chk Tumaround Gas

Chromatography Techniques”

SW846 METHOD 8080 "Organochlorine Pesticides and PCBs” GC-ECD PQL = B.0 ug/kg
SEMIVOLATILE COMPOUNDS
3,5,5-trimethyl- CLP SOW METHOD ORG "Statement of Work for Organics Analysis - Multi- GC-MS CRQL = 330 ug/kg
2-cyclohexen-1-one Media, Multi-Concentration”

{(Iscphorone)
78591

$W846 METHOD 8270 "Gas Chromatography-Mass Spectrometry for GC-MS PQL = 660 ug/kg

Semivolatile Organics: Capillary Column Techmique"

Benzo <a> pyrene ~ CLP SOW METHOD ORG "Statement of Work for Organics Analysis - Multi- GC-MS CRQL = 330 ug/kg
50328 Media, Multi-Concentration”
CLP SOW METHOD QTM "Chernical Analytical Services for Multi-Media, GC-FID CRQL = 330 ug/kg

Multi-Concentration Samples for Organic Analysis by Qu.lck Turnaround Gas
Chromatography Techniques*
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: TABLE II
METHODS AND DETECTION/QUANTITATION LIMITS FOR SPECIFIED ANALYTES OF CONCERN TO RISK ASSESSMENT
SOIL/SEDIMENT MATRICES
ANALYTE/
COMMON NAME INSTRUMENT- QUANTITATION/
‘CAS NUMBER METHOD REFERENCE/ TITLE OF METHOD ATION DETECTION LIMIT
Benzo <a>> pyrene SW845 METHOD 8270 "Gas Chromatography-Mass Spectrometry for GC-MS PQL = 660 ug/kg
50328 Semivolatile Organics: Capillary Colunm Technique"
SW846 METHOD 8310 "Polynuclear Aromatic Hydrocarbons” HPLC PQL = 15 ug/kg
Bis-(2-Dichloroethyl) CLP S3OW METHOD ORG "Statement of Work for Organics Analysis - Multi- GC-MS CRQL = 330 ug/kg
ether Media, Multi-Concentration™ '
111444 .
Bis-(2-ethylhexyl) CLP SOW METHOD ORG "Statement of Work for Organics Analysis - Multi- GC-MS CRQL = 330 ug/kg
phthalate Media, Muiti-Concentration™
117817
: SW846 METHOD 8060 "Phthalate Esters" GC-ECD PQL = 1340 ug/kg
SWg46 METHOD 8270 "Gas Chromatography-Mass Spectrometry for GC-MS PQL = 660 ug/kg
Semivolatile Organics: Capillary Column Technique”
N-nitrosodi- CLP SOW METHOD ORG "Statement of Work for Organics Analysis - Multi- GC-MS CRQL = 330 ug/kg
phenylamine Media, Multi-Concentration”
86306
SW846 Method 8270 "Gas Chromatography-Mass Spectrometry for Semivolatile GC-MS PQL = 660 ug/kg
Organics: Capillary Column Technique”
VOLATILE COMPOUNDS
1,1-dichloroethane CLP SOW METHOD ORG "Statement of Work for Organics Analysis - Multi- GC-MS CRQL = 10 ug/kg
75343 Media, Multi-Concentration”
SW846 METHOD 8010 "Halogenated Volatile Organics” GC-ELCD PQL = 0.7 ng/kg
SW846 METHOD 8240 "Gas Chromatography-Mass Spectrometry for Volatile GC-MS PQL = 5.0 ug/kg

Organics”
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TABLE II
METHODS AND DETECTION/QUANTITATION LIMITS FOR SPECIFIED ANALYTES OF CONCERN TO RISK ASSESSMENT
SOIL/SEDIMENT MATRICES
ANALYTE/
COMMON NAME INSTRUMENT- QUANTITATION/
CAS NUMBER METHOD REFERENCE/ TITLE OF METHOD ATION DETECTION LIMIT
1,1-dichloroethane CLP SOW METHOD QTM "Chemical Analytical Services for Multi-Media, GC—PID CRQL = 40 ug/kg
75343 Multi-Concentration Samples for Organic Analysis by Quick Tumaround Gas
Chromatography Techniques”
1,1-dichloroethene CLP SOW METHOD ORG “Statement of Work for Organics Analysis - Multi- GC-MS CRQL = 10 ng/kg
75354 Media, Multi-Concentration”
CLP SOW METHOD QTM "Chemical Analytical Services for Multi-Media; GC-PID CRQL = 40 ug/kg
Multi-Concentration Samples for Organic Analysis by Quick Turnaround Gas
Chromatography Techniques*
SW846 METHOD 8240 "Gas Chromatography-Mass Spectrometry for Volatile GC-MS PQL = 5.0 ug/kg
Organics”
1,1,2-trichloroethane CLP SOW METHOD ORG *"Statement of Work for Organics Analysis - Multi- GC-MS CRQL = 10 ug/kg
79005 Media, Multi-Concentration”
5W846 METHOD 8010 "Halogenated Volatile Organics” GC-ELCD PQL = 0.2 ug/kg
SW846 METHOD 8240 "Gas Chromatography-Mass Spectrometry for Volatile GC-MS PQL = 5.0 ug/kg
Organics”
1,1,2,2- CLP SOW METHOD ORG "Statement of Work for Organics Analysis - Multi- GC-MS CRQL = 10ug/kg
tetrachloroethane Media, Multi-Concentration” '
79345
CLP SOW METHOD QTM "Chemical Analytical Services for Multi-Media, GC-ECD CRQL = 40 ug/kg
Multi-Concentration Samples for Organic Analysis by Quick Turnaround Gas
Chromatography Techniques”
SW846 METHOD 8010 "Halogenated Volatile Organics" GC-ELCD PQL = 0.3 ug/kg
SW846 METHOD 8240 "Gas Chromatography-Mass Spectrometry for Volatile GC-MS PQL = 5.0 ug/kg

Organics"
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TABLE 1I
METHODS AND DETECTION/QUANTITATION LIMITS FOR SPECIFIED ANALYTES OF CONCERN TO RISK ASSESSMENT
SOIL/SEDIMENT MATRICES
ANALYTE/
COMMON NAME _ _ INSTRUMENT- QUANTITATION/
CAS NUMBER METHOD REFERENCE/ TITLE OF METHOD ATION DETECTION LIMIT
1,2-dichloroethane CLP SOW METHOD ORG “"Statement of Work for Organics Analysis - Multi- GC-MS CRQL = 10 ug/kg
107062 Media, Multi-Concentration"

CL.P SOW METHOD QTM "Chemical Analytical Services for Multi-Media, GC-PID CRQL = 40 ug/kg

Multi-Concentration Samples for Organic Analysis by Quick Turnaround Gas

Chromatography Techniques”

SW846 METHOD 8010 "Halogenated Volatile Organics” GC-ELCD PQL = 0.3 ug/kg

Sweg46 METHOD 8240 "Gas Chromatography-Mass Spectrometry for Volatile GC-MS PQL =5.0 ug/kg

Organics”
1,2-dichloropropane CLP SOW METHOD ORG "Statement of Work for Organics Analysis - Multi- GC-MS CRQL = 10 ugfké
78875 Media, Multi-Concentration”

SW846 METHOD 8240 “Gas Chromatography-Mass Spectrometry for Volatile GC-MS PQL = 5.0 ug/kg

Organics” '

SW846 METHOD 8010 "Halogenated Volatile Organics” GC-ELCD PQL = 0.4 ng/kg
1,4-dichlorobenzene SW846 METHOD 8010 “Halogenated Volatile Organics" GC-ELCD PQL = 2.4 ug/kg
106467 ' :

SW846 METHOD 8020 "Aromatic Volatile Organics" GC-PID PQL = 3.0 ug/kg

SW846 METHOD 8270 "Gas Chromatography-Mass Spectrometry for GC-Ms PQL = 660 ugrkg

Semivolatile Organics: Capillary Column Technique® -
Benzene CLP SOW METHOD ORG "Statement of Work for Organics Analysis - Multi- GC-MS CRQL = 10 ug/kg
71432 Media, Multi-Concentration" :

CLP SOW METHOD QTM "Chemical Analytical Services for Mlllti-Medié, GC-FID

Muiti-Concentration Sampies for Organic Analysis by Quick 'I‘umaround Gas
Chromatography Techniques"

CRQL = 40 ug/kg
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TABLE 11
METHODS AND DETECTION/QUANTITATION LIMITS FOR SPECIFIED ANALYTES OF CONCERN TO RISK ASSESSMENT
| ' SOIL/SEDIMENT MATRICES |
ANALYTE/ |
COMMON NAME ' INSTRUMENT- QUANTITATION/
CAS NUMBER METHOD REFERENCE/ TITLE OF METHOD ATION DETECTION LIMIT
Benzene SWg846 METHOD 8020 "Aromatic Voiatile Organics™ GC-PID PQL = 2.0 ug/kg
71432 _ o
SW846 METHOD 8240 "Gas Chromatography-Mass Spectrometry for Volatile GC-MS$ PQL = 5.0 ug/kg
Organics” : .
Chloroethene CLP SOW METHOD ORG "Statement of Work for Organics Analysis - Multi- GC-MS CRQL = 10 ug/kg
(Vinyl Chloride) Media, Multi-Concentration” '
75014
CLP SOW METHOD QTM “Chemical Analytical Services for Multi-Media, GC-PID CRQL = 40 ug/kg
Multi-Cencentration Samples for Organic Analysis by Quick Turnarcund Gas
Chromatography Techniques”
SW846 METHOD 8010 "Halogenated Volatile Organics” GC-ELCD PQL = 1.8 ugfkg
SW846 METHOD 8240 "Gas Chromatography-Mass Spectromeltry for Volatile GC-MS PQL = 10 ug/kg
Organics”
Dichloromethane CLP SOW METHOD ORG "Siatement of Work for Organics Analysis - Multi- GC-MS CRQL = 10 ug/kg
(Methylene Chloride) Media, Multi-Concentration”
75092 :
SW846 METHOD 8240 "Gas Chromatography-Mass Spectrometry for Volatile GC-MS PQL = 5.0 ug/kg
Organics”
Ethenyl Benzene CLP SOW METHOD ORG "Statement of Work for Organics Analysis - Multi- GC-MS CRQL = 10 ug/kg
(Styrene) Media, Muiti-Concentration” '
100425
SW846 METHOD 8240 "Gas Chromatography-Mass Spectrometry for Volatile GC-MS PQL = 5.0 ug/kg
Organics”
Tetrachloroethene CLP SOW METHOD ORG "Statement of Work for Organics Analysis - Multi- GC-MS§ CRQL = 10 ugfkg
(Tetrachloroethylene) Media, Multi-Concentration”

127184
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TABLE I
METHODS AND DETECT[ON!QUANTITATION LIMITS FOR SPECIFIED ANALYTES OF CONCERN TO RISK ASSESSMENT
- SOIL/SEDIMENT MATRICES
ANALYTE/
COMMON NAME : : S INSTRUMENT-. QUANTITATION/
CAS NUMBER METHOD REFERENCE/ TITLE OF METHOD ATION -DETECTION LIMIT .
Tetrachloroethene CLP SOW METHOD QTM “Chemical Analytical Services for Multi-Media, - GG-PID CRQL = 40 ugikg
(Tetrachlorosthylene) Multi-Concentration Samples for Organic Analysis by Quick Turnaround Gas : . :
127184 Chromatography Techniques”
SWi46 METHOD 8010 "Ha]ogenated Volatile Organics” GC-ELCD PQL = 0.3 ug/kg
SW846 METHOD 8240 "Gas Chromatography- Mass Spectrometry for Volatile GC-MS . PQL = 5.0 ug/kg
Organics"
Tetrachloromethane CLP SOW METHOD ORG "Statement of Work for Organics Analysis - Multi- GC-MS CRQL =10 ug/kg
{Carbon Tetrachloride) Media, Multi-Concentration” . _ . -
56235
CLP SOW METHOD QTM "Chemical Analytical Services for Multi-Media, GC-PID . CRQL = 40 ug/kg
Multi-Concentration Samples for Organic Analysis by Quick Turnaround Gas : . :
Chromatography Techniques™
SW846 METHOD 8010. “Halogenated Volatile Organics” GC-ELCD PQL = 1.2 ug/kg
SW846 METHOD 8240 "Gas Chmmatography-Masé Spectrometry for Volatile  GCMS PQL = 5.0 ug/kg
Organics”
Trichloromethane CLP SOW METHOD ORG *Statement of Work for Organics Analysis - Multi- GC-MS' CRQL = 10 ug/kg
{Chloroform) Media, Multi-Concentration”
67663
CLP SOW METHOD QTM “Chemical Analytical Services for Multi-Media, - GC-PID ‘CRQL = 40 ug/kg
Multi-Concentration Samples for Organic Analysis by Quick Turnaround Gas : '
Chromatography Techniques”
SWg46 METHOD 8010 "Halogenated Volatile Organics” GC-ELCD - PQL = 0.5 ug/kg
+ - SW846 METHOD 8240 "Gas Chromatogmphy-Mass Spectrometl'}* for Volatile "+~ ° “GC-M§ . PQL =5.0ughkg |

Orgnmcs
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o _ TABLEIIT .
METHODS AND DETECTION! QUANTITATION LIMITS FOR SPECIFIED ANALYTES OF CONCERN TO RISK ASSESSMENT
 AQUEOUS MATRICES |
ANALYTE/
COMMON NAME INSTRUMENT- QUANTITATION/
CAS NUMBER METHOD REFERENCE/TITLE OF METHOD ATION DETECTICN LIMIT
INORGANICS
Arsenic CLP SOW METHOD INORG “Statement of Work for Inorganics Analyéis . GFAA-ICP CRDL - 10 ugIL
7440382 Multi-Media, Multi-Concentration™
MCAWW METHOD 200.7/SW846 Method 6010/SMEWW Method 3120B ICP MDL = 53'ugflL, 53 ug/k.
"Inductively Coupled Plasma-Atomic Emission Spectrometric Method for Trace EDL=>50 ug/L -
Element Analysis of Water and Wastes”
MCAWW METHOD 206-.2!SW846 Methed 7060/SMEWW Method 3113B GFAA MDL = 1.0 ug/L, 1.0 ug/L.
* Arsenic (Atomic Absorption, Furnace Technique)” EDL=1.0ug/L .
o0
w MCAWW METHOD 206.3/SW846 Method 7061/SMEWW Method 3114B HYDAA MDL = 2.0 ug/L, 2.0 ug/L
" Arsenic (Atomic Absorption-Gaseous Hydride)" Use method 206.5 for sample EDL= 1.0 ug/L..
preparation
MCAWW METHOD 206.4 "Arsenic {Spectrophotometric-SDDC)" Use method Colorimeter MDL = 10ug/L. .
206.5 for sample preparation
SMEWW METHOD 3500AS C _"Silver Diethyldithiocarbamate Method" Colorimeter EDL = 28.6 ug/L
Beryllium CLP SOW METHOD INORG "Statement of Work for Inorgamcs Analysis - GFAA-FLAME- CRDL = 5.0 ug/L.
7440417 Multi-Media, Multi-Concentration” ICP . o
MCAWW METHOD 200.7/SW846 Method 6010/SMEWW Method 3120B ICP EDL = 0.3.ug/LL -
"Inductively Coupled Plasma-Atomic Emission Spectrometric Method for Trace EREERE
Element Analysis of Water and Wastes”
MCAWW METHOD 210.1 “Beryllinm {Atomic Absorption, Direct Aspiration)” FLAME MDL = 5.0 ug/L
'MCAWW METHOD 210.2/SW846 Method 7091/SMEWW Method 3113B GFAA MDL = 0.2 ug/L, 0.2 ug/L

*Beryllium (Atomic Absorption, Furnace Technique)"

EDL=0.2 ug/L
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TABLE 11
METHOQODS AND DETECTION,-‘ QUANTITATION LIMITS FOR SPECIFIED ANALYTES OF CONCERN TO RISK ASSESSMENT
AQUEOUS MATRICES
ANALYTE/
COMMON NAME : INSTRUMENT- QUANTITATION/
CAS NUMBER METHOD REFERENCE/TITLE OF METHOD ATION DETECTION LIMIT
Beryllium SMEWW METHOD 3111D/SW846 Method 7090 "Direct Nitrous Oxide- FLAME EDL= 5.0ug/L, 5.0 ug/L
7440417 Acetylene Flame Method” MDL=5.0 ug/L
SMEWW METHOD 3111E "Extraction/Nitrous Oxide-Acetylene Flame Method” FLAME EDL = 5.0 ug/L
SMEWW METHOD 3500BE D "Aluminon Method" Colorimeter EDL = 5.0 ug/L
Cadmivm CLP SOW METHOD INORG "Statement of Wdrk for Inorganics Analysis - GFAA-FLAME-  CRDL = 5.0 ug/L
7440439 Multi-Media, Multi-Concentration” ICP
MCAWW METHOD 200.7/SW846 Method 6010/SMEWW Method 3120B ICP EDL = 4.0 ug/L.
= “Inductively Coupled Plasma-Atomic Emission Spectrometric Method for Trace
i Element Analysis of Water and Wastes"
MCAWW METHOD 213.1/SW846 Method 7130/SMEWW Method 3111B FLAME MDL = 5.0 ug/L, 5.0 ug/L
"Cadmium (Atomic Absorption, Direct Aspiration)” IDL=2.0 ug/L
MCAWW METHOD 213.2/SW846 Method 7131/SMEWW Method 3113B GFAA MDL = 0.1 ug/L, 0.1 ug/L
"Cadminm (Atomic Absorption, Furnace Technique)” EDL=0.1ug/L
SMEWW METHOD 3111C "Extraction/Air-Acetylens Flame Method” FLAME NA
SMEWW METHOD 3500CD D “Dithizone Method" Colorimeter EDL = 20 ug/ml
‘Chromium, Total CLP SOW METHOD INORG "Statement of Work for Inorganics Analysis - GFAA-ICP- CRDL = 10 ug/L
7440473 Multi-Media, Multi-Concentration” FLAME
MCAWW METHOD 200.7/SW846 Method 6010/SMEWW Method 31208 ICP EDL = 7.0 ug/L
*Inductively Coupled Plasma-Atomic Emission Spectrometric Method for Trace
Element Analysis of Water and Wastes”
MCAWW METHOD 218.1/SW846 Method 7190/SMEWW Method 31118 FLAME MDL = 50 ug/L, 50 ug/L
*"Chromium (Atomic Absorption, Direct Aspiration)” EDL = 20 ug/L
/ / e
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MCAWW Method 335.2 "Cyanide, Total, Titrimetric Spectrophotometric)” Colorimeter/
. Titrimetric

. TABLE 111
METHODS AND DETECTION;’QUANT ITATION LIMITS FOR SPECIFIED ANALYTES OF CONCERN TO RISK ASSESSMENT
AQUEOQUS MATRICES
ANALYTE/
COMMON NAME INSTRUMENT- QUANTITATION/
CAS NUMBER METHOD REFERENCE/TITLE OF METHOD ATION DETECTION LIMIT
Chromium, Total MCAWW METHOD 218.2 /SW846 Method 7191/SMEWW Method 3113B GFAA MDL = 1.0 ug/L, 1.0 ug/L
7440473 "Chromivm {Atomic Absorption, Fumace Technique)" : EDL = 2.0 ug/L
MCAWW METHOD 218.3 "Chrommm (Atomic Absorption, Chelation- FLAME MDL = 1.0 ug/L
Extraction}" '
Chromium, Hexavalent MCAWW METHOD 218.4/SW846 Method 7197 “Chromium, Hexavalent FLLAME MDL = 10 ug/l, 1.0 ug/L
(Atomic Absorption, Chelation-Extraction)”
MCAWW METHOD 218.5 "Chromium, Dissolved Hexavalent (Atomic GFAA MDL = 1.0 ug/L
Absorption, Furnace Technique)”
SMEWW METHOD 3111C "Extraction/Air-Acetylene Flame Method” FLAME NA
SW846 METHOD 7195 “Chromium, Hexavalent (Coprecipitation)” FLAME, GFAA MDL = 5.0ug/L
SW246 METHOD 7196/SMEWW Method 3500CR D "Chromium, Hexavalent Colorimeter MDL = 500 ug/L, NA
{Colorimetric)”
SW8d46 METHOD 7198 "Chromiuvm, Hexavalent (Differential Pulse Polarograph MDL = 10ug/L
Polarography)"
Cyanide, Total CLP SOW METHOD INORG "Statement of Work for Inorganics Analysis - Colotimeter/ CRDL = 10 ug/L.
57-12-5 * Multi-Media, Multi-Concentration” Titrimetric '
SMEWW Method 4500-CN, C, D, E, F "Total Cyanide after Distillation" Colorimeter/ EDL = 20ug/L
Titrimetric/ EDI. = 50 ug/L
lon-Selective
Electrode
EDL = 20 ug/L
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TABLE Il
METHODS AND DETECTION!QUANTITATION LIMITS FOR SPECIFIED ANALYTES OF CONCERN TO RISK ASSESSMENT
AQUEQUS MATRICES
ANALYTE/ _
COMMON NAME INSTRUMENT- QUANTITATION/
CAS NUMBER METHOD REFERENCE/TITLE OF METHOD ATIQN . ~ DETECTICN LIMIT
Cyanide, Total and SW846 METHOD 9010A, "Total and Amenable Cyanide (Colorimetric, Manual) Colorimeter/ EDL = 20ug/L
Amenable to Titrimetric
Chlorination . '.
SW846 METHOD 9012 "Total and Amenable Cyanide (Colorimetric, Automated Colorimeter/ EDL = 20 ug/L
uvy" o Titrimetric
Cyanide, Amenable to  SMEWW METHOD 4500-CN, G "Cyanide Amenable to Chlorination after ‘Colorimeter/ EDL = 20 ug/L
Chlorination Distillation” Titrimetric/ EDL = 50 ug/L
lon-Selective '
Elecrode
MCAWW METHOD 335.1 "Cyanide, Amenable to Chlorination" " Colodimeter/ EDL = 20 ug/lL
_ : _ _ Titrimetric
Cyanide, Weak and SMEWW METHOD 4500-CN, I, D, E, F "Weak and Dissociable Cyanide” Colorimeter/ EDL = 20 ug/L
Dissociable Titrimetric/ EDL = 50 ug/L
lon-Selective
Elecrode
Lead CLP SOW METHOD INORG "Statement of Work for Inorganics Analysis - GFAA-FLAME- CRDL = 3.0ug/L
7439921 Multi-Media, Multi-Concentration” ICP
MCAWW METHOD 200.7/SW846 Method 6010/SMEWW Method 3120B ICP EDL = 42 ug/L, 42 ug'fL,
"Inductively Coupled Plasma-Atomic Emission Spectrometric Method for Trace 40 ug/L .
Element Analysis of Water and Wastes" .
MCAWW METHOD 239.1/SW846 Method 7420/SMEWW Method 3111B "Lead FLAME MDL = 100 ug/L, 100 ug/L
(Atomic Absorption, Direct Aspiration)” o EDL=50ug/l, -
MCAWW METHOD 239.2/SW846 Method 7421 J’SMBWW Method 3113!3 "Lead GFAA MDL = 1.0 ug/L,100 ug/L
(Atomic Absorption, Furnace Technique)” ° " EDL=1.0ug/L
SMEWW METHOD 3111C "Extraction/Air-Acetylene Flame Method” . .. ..~ " FLAME - FNAE
SMEWW METHOD 3500PB D "Dithizone Method®:i:. .. - % Colorimeter EDL = 100 ug/L
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Gas Chromatography with an Electron Capture Detector”

o . S TABLE HI _ .
METHODS AND DETECTIONIQUANTITAT!ON LIMITS FOR SPECIFIED ANALY'I‘ES OF CONCERN TO RISK ASSESSMENT
AQUEOUS MATRICES
ANALYTE/

- COMMON NAME ' ' INSTRUMENT- QUANTITATION/
CAS NUMBER METHOD REFERENCE/TITLE OF METHOD ATION DETECTION LIMIT
Mercury CLP SOW METHOD INORG/MCAWW Method 245.1 and 245.2 CVAA CRDL = 0.2 ug/L.
7439976 *Statement of Work for Inorganics Analysis - Multi-Media, Multi-Concentration, MDL=0.2 ug/I.,0.2 ug/L

Mercury Manual ; Mercury Automated Cold Vapor Technique” ' '
SMEWW METHOD 3112B/SW846 Method 7470 "Cold-Vapor Atotmc CVAA EDL=1.0 ug/L
Absorption Spectrometric Method” - MDL=0.2 ug/L
SMEWW METHOD 3500HG C Colorimeter EDL = 2.0 ug/LL
*Dithizone Method" .
ORGANOCHLORINE PESTICIDES/AROCLORS
Aroclor 1260 CLP SOW METHOD LC-ORG "Chemical Analytical Services for the Analysis of GC-ECD CRQL = 0.20 ug/L.
{PCB-1260) Low Concentration Water Samples for Organic Compounds by Gas
110906825 Chromatography-Mass Spectrometry (GC-MS) and Gas Chromatography-Electron
Capture (GC-ECD) Techniques”
CLP SOW METHOD ORG "Statement of Work for Organics Analysis - Multi- GC-ECD CRQL = 1.0 ug/L
Media, Multi-Concentration”
CLP SOW METHOD QTM "Chemical Analytical Services for Multi-Media, GC-ECD CRQL = 1.0 ug/L
Multi-Concentration Samples for Organic Analysns by Quick Turnaround Gas
Chromam graphy Techniques"
EPA METHOD 608 . "Organochlorine Pesticides and PCBs” GC-ECD NA
EPA METHOD 625 "Base/Neutrals and Acids” GC-MS NA
EPA DW METHOD 505 “Analysis of Organohalide Pesticides and Aroclors in GC-ECD MDL = 0.189 ug/L
Water by Microextraction and Chromatography” '
EPA DW METHOD 508 "Determination of Chlorinated Pesticides in Water by GC-ECD NA
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TABLE II
METHODS AND DETECTIONJ’QUANTIT ATION LIMITS FOR SPECIFIED ANALYTES OF CONCERN TO RISK ASSESSMENT
AQUEOUS MATRICES

ANALYTE/
COMMON NAME INSTRUMENT- QUANTITATION/
CAS NUMBER METHOD REFERENCE/TITLE OF METHOD ATION DETECTION LIMIT
Araclor 1260 SMEWW METHOD 6410B “Liquid-Liquid Extraction Gas Chromatographic- GC-MS NA
(PCB-1260) Mass Spectrometric Method"
11096825

SMEWW METHOD 6630B "Liquid-Liquid Extraction Gas Chromatographic GC-MS NA

Method I* '

SMEWW METHOD 6630C "Liguid-Liquid Extraction Gas Chromatographic GC-ECD NA

Method 11"
Chlordane CLP SOW METHOD LC-ORG (CRQL is for alpha and gamma Chlordane) GC-ECD CRQL = 0.01 ug/LL
5774% "Chemical Analytical Services for the Analysis of Low Concentration Water

Samples for Organic Compounds by Gas Chromatography-Mass Spectrometry

(GC-MS) and Gas Chromatography-Electron Capture (GC-ECD) Techniques”

CLP SOW METHOD ORG ".S.tatement of Work for Organics Analysis - Multi- GC-ED CRQL = 0.05 ug/L

Media, Multi-Concentration"

EPA METHOD 608/SW846 Method 8080 "Organochlorine Pesticides and PCRs* GC-ECD MDL = 0.014 ug/L

EPA METHOD 625 "Base/Neutrals and Acids" GC-MS NA

EPA DW METHOD 505 “Analysis of Organohalide Pesticides and Aroclors in GC-ECD MDL = 0.14 ug/L

Water by Microextraction and Chromatography” : ' :

EPA DW METHOD 508 "Determination of Chlorinated Pesticides in Water by GC-ECD NA

Gas Chromatography with an Electron Capture Detector” '

SMEWW METHOD 6410B "Liquid-Liquid Extraction Gas Chromatographic- GC-MS NA

Mass Spectrometric Method"

" SMEWW METHOD 6630B “Liquid-Liquid Extraction Gas Chromatographlc GC-MS MDL = 0.014 ug/L

Method I"
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TABLE 1
METHOCDS AND DETECTION/QUANTITATION LIMITS FOR SPECIFIED ANALYTES OF CONCERN TO RISK ASSESSMENT
AQUEOUS MATRICES
ANALYTE/
COMMON NAME INSTRUMENT- QUANTITATION/
CAS NUMBER METHOD REFERENCE/TITLE OF METHOD ATION DETECTION LIMIT
Dieldrin SMEWW METHOD 6630C "Liquid-Liquid Extraction Gas Chromatographic GC-ECD MDL = 0.014 ug/L
60571 Method 1" '
CLP SOW METHOD LC-ORG. "Chemical Analytical Services for the Analysis of GC-ECD CRQL. = 0.02 ug/L
Low Concentration Water Samples for Organic Compounds by Gas
Chromatography-Mass Spectrometry (GC-MS) and Gas Chromatography-Electron
Capture (GC-ECD) Techniques” '
CLP SOW METHOD ORG "Statement of Work for Organics Analysis - Multi- GC-ECD CRQL = 0.1 ug/L
Media, Multi-Concentration”
CLP SOW METHOD QTM "Chemical Analytical Services for Muiti-Media, GC-ECD - CRQL = 0.1 ug/L.
Multi-Concentration Samples for Organic Analysis by Quick Turnaround Gas
Chromatography Techniques”
EPA METHOD 608/SW846 Method 8080 "Osganochlorine Pesticides and PCBs" GC-ECD MDL = 0.002 ug/L
EPA METHOD 625 "Base/Neutrals and Acids" GC-MS MDL = 2.5 ug/LL
EPA DW METHOD 505 " Analysis of Organchalide Pesticides and Aroclors in GC-ECD MDL = 0.012 ug/L
Water by Microextraction and Chromatography” :
EPA DW METHOD 508 "Determination of Chlorinated Pesticides in Water by GC-ECD EDL = 0.02 ug/L
Gas Chromatography with an Electron Capture Detector” : L
SMEWW METHOD 6410B "Liquid-Liquid Extraction Gas Chromatographic- GC-MS$S MDL = 2.5 ugfL'
Mass Spectrometric Method" :
SMEWW METHOD 6630B "Liquid-Liquid Extraction Gas Chromatographic GC-M3S MDL = 0.002 ug/L
Method 1" .
SMEWW METHOD 6630C "Liguid-Liguid Extraction Gas Chromatographic GC-ECD MDL = 0,002 ug/L

Method 11"
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TAELE III
METHODS AND DETECTION/QUANTITATION LIMITS FOR SPECIFIED ANALYTES OF CONCERN TO RISK ASSESSMENT
AQUEOUS MATRICES
ANALYTE/
COMMON NAME INSTRUMENT- QUANTITATION/
CAS NUMBER METHOD REFERENCE/TITLE OF METHOD ATION DETECTION LIMIT
Heptachlor CLP SOW METHOD LC-ORG "Chemical Analytical Services for the Analysis of GC-ECD CRQL = 0.01 ug/L
76448 Low Concentration Water Samples for Organic Compounds by Gas '
Chromatography-Mass Spectrometry (GC-MS) and Gas Chromatography-Electron
Capture (GC-ECD) Techniques”
CLP SOW METHOD ORG "Statement of Work for Organics Analysis - Multi- GC-ECD CRQL = 0.05 ug/L
Media, Multi-Concentration” :
CLP SOW METHOD QTM "Chemical Analytical Services for Multi-Media, GC-ECD CRQL = 0.1 ug/L.
Multi-Coneentration Samples for Organic Analysis by Quick Turnaround Gas
Chromatography Techniques”
EPA METHOD 608/SW3846 Method 8080 "Organochlorine Pesticides and PCBs” GC-ECD MDL = 0.003 vg/L
EPA METHOD 625 "Base/Neutrals and Acids" GC-MS MDL = 1.9 ug/L
EPA DW METHOD 505 "Analysis of Qrganohalide Pesticides and Aroclors in GC-ECD MDL = 0.003 ug/L
Water by Microextraction and Chromatography”
EPA DW METHOD 508 "Determination of Chlorinated Pesticides in Water by GC-ECD EDL = 0,01 ug/L
Gas Chromatography with an Electron Capture Detector”
EPA DW METHOD 525 "Determination of Organic Compounds in Drinking GC-MS MDL = ¢.04 ug/L
Water by Liquid-Sclid Extraction and Capillary Column Gas Chromatography-
Mass Spectrometry”
SMEWW METHOD 6410B "Liquid-Liquid Extraction Gas Chromatographic- GC-MS MDL = 1.9 ug/L
Mass Spectrometric Method"
SMEWW METHOD 6630B "Liquid-Liquid Extraction Gas Chromatographic GC-MS MDL = 4,003 ug/L
Method I"
SMEWW METHOD 6630C "Liquid-Liquid Extraction Gas Chromatographic GC-ECD MDL = 0.003 ug/L

Method 11"
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TABLE Ik
METHODS AND DETECTION/QUANTITATION LIMITS FOR SPECIFIED ANALYTES OF CONCERN TO RISK ASSESSMENT
AQUEOUS MATRICES
ANALYTE/
COMMON NAME INSTRUMENT- QUANTITATION/
CAS NUMRBER METHOD REFERENCE/TITLE OF METHOD ATION DETECTION LIMIT
Lindane CLP SOW METHOD LC-ORG "Chemical Analytical Services for the Analysis of GC-ECD CRQL = 0.01 ug/L
58899 Low Concentration Water Samples for Organic Compounds by Gas
Chromatography-Mass Spectrometry (GC-MS) and Gas Chromatography-Electron
Capture (GC-ECD) Techniques”
CLP SOW METHOD "Statement of Work for Organics Analysis - Multi-Media, GC-ED CRQL = 0.5 ug/L
Muiti-Concentration"
CLP SOW METHOD QTM “Chemical Analytical Services for Multi-Media, GC-ECD CRQL = 0.1 ug/L.
Mulii-Concentration Samples for Organic Analysis by Quick Tumaround Gas
Chromatography Techniques"
< EPA METHOD 608/SW846 Method 8080 "Organochlorine Pesticides and PCBs” GC-ECD MDL = 0.009 ug/L,
0.004 wg/L
EPA METHOD 625 "Base/Neutrals and Acids” GC-MS MDL = 3.1 ug/L.
EPA DW METHOD 505 "Analysis of Organohalide Pesticides and Aroclors in GC-ECD MDL = 0.003 ug/L
Water by Microextraction and Chromatography” '
EPA DW METHOD 508 "Determination of Chlorinated Pesticides in Water by GC-ECD EDL = 0.015 ug/L
Gas Chromatography with an Electron Capture Detector”
EPA DW METHOD 525 "Determination of Organic Compounds in Drinking GC-MS$S MDL = 0.1 ug/L
Water by Liguid-Solid Extraction and Capillary Column Gas Chromatography- : '
Mass Spectrometry "
p,p'-DDE CLP SOW METHOD LC-ORG "Chemical Analytical Services for the Analysis of GC-ECD CRQL = 0.02 ug/L
72559 Low Concentration Water Samples for Organic Compounds by Gas.
Chromatography-Mass Spectrometry (GC-MS) and Gas Chromatography-Electron
Capture (GC-ECD) Techniques™
CLP SOW METHOD ORG "Statement of Work for Organics Analysis - Muiti- GC-ECD CRQL = 0.1 ug/L

Media, Multi-Concentration”
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TABLE III
METHODS AND DETECTIONJ’QUANTITATION LIMITS FOR SPECIF]ED ANALYTES OF CONCERN TO RISK ASSESSMENT
AQUEOUS MATRICES
ANALYTE/
COMMON NAME INSTRUMENT- QUANTITATION/
CAS NUMBER METHOD REFERENCE/TITLE OF METHOD ATION DETECTION LIMIT
p,p'-DDE CLP SOW METHOD QTM "Chemical Analytical Services for Multi-Media, GC-ECD CRQL = 0.1 ug/L
72559 Multi-Concentration Samples for Organic Analysis by Quick Turnaround Gas
Chromatography Techniques"
EPA METHOD 608/SW846 Method 8080 "Organochlorine Pesticides and PCBs” GC-ED MDL = 0.004 ug/L
EPA METHOD 625 "Base/Noutrals and Acids" GC-MS MDL = 5.6 ug/L
EPA DW METHOD 508 “Determination of Chlorinated Pesticides in Water by GC-ECD EDL = 0.01 ug/L
Gas Chromatography with an Electron Capture Detector”
> SMEWW METHOD 6410B "Liquid-Liquid Extraction Gas Chromatographlc- GC-MS MDL = 5.6 ug/L
i Mass Spectrometric Method” : - :
SMEWW METHOD 6630B *Liquid-Liquid Extraction Gas Chromatographic GC-MS MDL = 0.004 ug/L
Method I
SMEWW METHOD 6630C "Liquid-Liquid Extraction Gas Chromatographie GC-ECD MDL = 0.004 ug/L
Method II"
p.p’-DDT CLP S0W METHOD LC-ORG "Chemical Analytical Services for the Analysis of GC-ECD ‘CRQL = 0.02 ug/L
50293 Low Concentration Water Samples for Organic Compounds by Gas
Chromatography-Mass Spectrometry (GC-MS) and Gas Chromatography-Electron
Capture (GC-ECD) Techniques*
CLP SOW METHOD ORG "Statement of Work for Organics Analysis - Muiti- GC-ECD CRQL = 0.10 ug/L
Media, Multi-Concentration" :
CLP SOW METHOD QTM “Chemical Analytical Services for Multi- -Media, GC-ECD CRQL = 0.1 ug/L
Multi-Concentration Samples for Organic Analysis by Quick Turnaround Gas '
Chromatography Technigues”
EPA METHOD 608/SW846 Method 8080 "Organochiorine Pesticides and PCBs" GC-ECD MDL = 0.012 ug/L

e

p
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TABLE i
METHODS AND DETECTION/QUANTITATION LIMITS FOR SPECIFIED ANALYTES OF CONCERN TO RISK ASSESSMENT
ANALYTE/ AQUEOUS MATRICES
COMMON NAME INSTRUMENT- QUANTITATION/
CAS NUMBER METHOD REFERENCE/TITLE OF METHOD ATION DETECTION LIMIT
p,p'-DDT EPA METHOD 625 "Base/Neutrals and Acids” GC-MS MDL = 4.7 ug/L
50293
EPA DW METHOD 508 "Determination of Chlorinated Pesticides in Water by GC-ECD EDL = 0.06 ug/L.
Gas Chromatography with an Electron Capture Detector”
SMEWW METHOD 6410B "Liquid-Liquid Extraction Gas Chromatographic- GC-MS MDL = 4.7 ug/L
Mass Spectrometric Method”
SMEWW METHOD 6630B *Liquid-Liquid Extraction Gas Chromatographic GC-MS MDL = 0.012 ug/L
Method I"
SMEWW METHOD 6630C "Liquid-Liquid Extraction Gas Chromatographic GC-ECD MDL = 0.012 ug/L
Method 11"
SEMIVOLATILE COMPOUNDS
3,5,5-trimethyl-2- CLP SOW METHOD LC-ORG “Chemical Analytical Services for the Analysis of GC-MS CRQL = 5.0 ug/L
cyclohexene- Low Concentration Water Samples for Organic Compounds by Gas
1-one (Isophorone) Chromatography-Mass Spectrometry (GC-MS) and Gas Chromatography-Electron
78591 Capture (GC-ECD) Techniques”
CLP SOW METHOD ORG “Statement of Work for Organics Analysis - Multi- GC-MS CRQL = 10 ug/L.
Media, Multi-Concentration®
EPA METHOD 609 "Nitroaromatics and Isphorone” GC-FID MDL = 5.7 ug/L
EPA METHOD 609 "Nitroaromatics and Isphorone’ GC-ECD MDL = 15.7 ug/L.
EPA METHOD 625 "Base/Neutrals and Acids” " GC-MS MDL = 2.2 ug/L
SMEWW METHOD 6410B "Liguid-Liquid Extraction Gas Chromatographic- GC-MS MDL = 2.2 ug/L.
Mass Spectrometric Method®
SW846 METHOD 8270 “Gas Chromatography-Mass Spectrometry for GC-MS PQL = 10 ng/L

Semivolatile Organics: Capillary Column Technique”



vel -

APPENDIX I
TABLE III '
METHODS AND DETECTION/QUANTITATION LIMITS FOR SPECIFIED ANALYTES OF CONCERN TO RISK ASSESSMENT

AQUEQUS MATRICES
ANALYTE/
COMMON NAME INSTRUMENT- QUANTITATION!/
CAS NUMBER METHOD REFERENCE/TITLE OF METHOD ATION DETECTION LIMIT
Benzo <a> pyrene CLP SOW METHOD LC-ORG "Chemical Analytical Services for the Amalysis of GC-MS CRQL = 5.0 ug/L
50328 Low Concentration Water Samples for Organic Compounds by Gas
: Chromatography-Mass Spectrometry (GC-MS) and Gas Chromatography-Electron

Capture (GC-ECD) Techniques”

CLP SOW METHOD ORG "Statement of Work for Organics Analysis - Multi- GC-MS CRQL = 10 vg/L

‘Media, Multi-Concentration" ' :

EPA METHOD 610/SW846 Method 8100 "Polynuclear Aromatic Hydrocarbons” GC-FID MDL = 6.023 ug/L

EPA METHOD 625 *Base/Neutrals and Acids" GC-MS MDL = 2.5 ug/l.

EPA DW METHOD 525 "Determination of Organic Compounds in Drinking GC-M5§ MDL = 0.04 ug/L

Water by Liquid-Solid Extraction and Capillary Column Gas Chromatography-
Mass Spectrometry”

SMEWW METHOD 6410B "Liquid-Liquid Extraction Gas Chromatographic- GC-MS MDL = 2.5 ug/L
Mass Spectrometric Method® - : : : o

CLP SOW METHOD QTM *“Chemical Analytical Services for Multi-Media, GC-ECD CRQL = 20 ug/L
Muiti-Concentration Samples for Organic Analysis by Quick Turnaround Gas

Chromatography Techniques"

SMEWW METHOD 6440B “Liquid-Liquid Extraction Chromatographic Method"” GC-MS MDL = 0.023 ug/L
SW846 METHOD 8270 "Gas Chromatography-Mass Spectrometry for GC-MS PQL = 10 ug/L

Semivolatile Organics: Capillary Column Technique"

SW846 METHOD 8310 "Polynuclear Aromatic Hydrocarbons" HPLC MDL = 0.023 ug/L
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TABLE I
METHODS AND DETECTION/QUANTITATION LIMITS FOR SPECIFIED ANALYTES OF CONCERN TO RISK ASSESSMENT
AQUEOUS MATRICES
ANALYTE/
COMMON NAME INSTRUMENT- QUANTITATION/
CAS NUMBER METHOD REFERENCE/TITLE OF METHOD ATION DETECTION LIMIT
Ris-(2-Chloroethyl) CLP SOW METHOD LC-ORG "“Chemical Analytical Services for the Analysis of GC-MS CRQL = 5.0 ug/L
ether Low Concentration Water Samples for Organic Compounds by Gas
111444 Chromatography-Mass Spectrometry (GC-MS$) and Gas Chromatography-Electron
Capture (GC-ECD) Techniques”
CLP SOW METHOD ORG "Statement of Work for Organics Analysis - Multi- GC-MS CRQL = 10 ug/L
Media, Multi-Concentration”
EPA METHOD 625 "Base/Neutrals and Acids” GC-MS MDL = 5.7 ug/L
SMEWW METHOD 60408 "Closed-Loop Stripping, Gas-Chromatographic-Mass- GC-MS EDL = 0.00{ ug/L
Spectrometric Analysis”
SMEWW METHOD 6410B "Liquid-Liquid Extraction Gas Chromatographic- GC-MS MDL = 5.7 ug/L
Mass Spectrometric Method”
SW846 METHOD 8250 "Gas Chromatography-Mass Spectrometry for GC-MS MDL = 5.7 ug/L
Semivolatile Organics: Packed Column Technique"
Bis (2-ethylhexyl) CLP SOW METHOD LC-ORG "Chemical Analytical Services for the Analysis of GC-MS CRQL = 5.0 ug/L
phthalate Low Concentration Water Samples for Organic Compounds by Gas
117817 Chromatography-Mass Spectrometry (GC-MS) and Gas Chromatography-Electron
Capture (GC-ECD) Techniques”
CLP SOW METHOD ORG “Statement of Work for Organics Analysis - Mulfi- GC-MS CRQL = 10 ug/L.
Media, Multi-Concentration” .
EPA METHOD 606 "Phthalate Ester” GC-ECD MDL = 2.0 ug/L.
EPA METHOD 625 "Base/Neutrals and Acids® GC-MS MDL = 2.5 ug/L
EPA DW METHOD 525 *Determination of Organic Compounds in Drinking GC-MS MDL = 0.8 ug/L.

Water by Liquid-Solid Extraction and Capillary Columm Gas Chromatography-
Mass Spectrometry"
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TABLE I
METHODS AND DETECTION/QUANTITATION LIMITS FOR SPECIFIED ANALYTES OF CONCERN TO RISK ASSESSMENT
' AQUEQUS MATRICES
ANALYTE/
COMMON NAME INSTRUMENT- QUANTITATION/
CAS NUMBER METHOD REFERENCE/TITLE OF METHOD ATION DETECTION LIMIT
Bis (2-ethylhexyl) SMEWW METHOD 6410B "Liquid-Liquid Extraction Gas Chromatographic- GC-MS MDL = 2.5 ng/L.
phthalate Mass Spectrometric Method"
117817 _
SW846 METHOD 8060 "Phthalate Esters” GC-ECD MDL = 2.0 ug/L
SW846 METHOD 8270 "Gas Chromatography-Mass Spectrometry for GC-MS8 PQL = 10 ug/L
Semivolatile Organics: Capillary Column Technique”
SW846 METHOD 8250 "Gas Chromatography-Mass Spectrometry for Semi- GC-MS MDL = 2.5 ug/L
Violatile Organics: Packed Column Technique” .
.. N-nitrosodi- CLP SOW METHOD LC-ORG ."Chcmical Analytical Services for the Analysis of GC-MS CRQL = 5.0 ug/L
& phenylamine Low Concentration Water Samples for Organic Compounds by Gas
86306 Chromatography-Mass Spectrometry (GC-MS) and Gas Chromatography-Electron
Capture (GC-ECD) Techniques”
CLF SOW METHOD ORG "Statement of Work for Organics Analysis - Multi- GC-Ms CRQL = 10 ug/L
Media, Multi-Concentration”
EPA METHOD 607 "Nitrosamines” GC-ELCD MDL = (.81 ug/L
EPA METHOD 625 "Base/Neutrals and Acids” GC-MS MDL = 1.9 ug/L
SMEWW METHOD 6410B "Liquid-Liquid Extraction Gas Chromatographic- GC-MS MDL = 1.9ug/L
Mass Spectrometric (GC-MS) Method”
SW846 METHOD 8270 "Gas Chromatography-Mass Spectrometry for GC-Ms PQL = 10ug/l.
Semivolatile Organics: Capillary Column Technique” :
VOLATILE COMPQUNDS
1,1-dichloroethane CLP SOW METHOD LC-ORG "Chemical Anglytical Services for the Analysis of GC-MS CRQL = 1.0 ug/L

75343

Low Concentration Water Samples for Organic Compounds by Gss
Chromatography-Mass Spectrometry (GC-MS) and Gas Chromatography-Electron
Capture (GC-ECD) Techniques™
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TABLE III
METHODS AND DETECTION/QUANTITATION LIMITS FOR SPECIFIED ANALYTES OF CONCERN TO RISK ASSESSMENT
AQUEOUS MATRICES
ANALYTE/
COMMON NAME INSTRUMENT- QUANTITATION/
CAS NUMBER METHOD REFERENCE/TITLE OF METHOD ATION DETECTION LIMIT
1,1-dichloroethane CLP SOW METHOD QTM "Chemical Analytical Services for Multi-Media, GC-PID CRQL = 20 ug/L
75343 Muiti-Concentration Samples for Organic Analysis by Quick Turnaround Gas :
Chromatography Techniques”
CLP SOW METHOD ORG "Statement of Work for Organics Analysis - Multi- GC-MS CRQL = 10ug/L
Media, Multi-Concentration" :
EPA METHOD 601/SW846 Method 8010/SMEWW Method 6230B "Purgeable GC-ELCD MDL = 0.07 ug/L.
Halocarbons”
EPA METHOD 624 “Purgeables” GC-MS MDL = 4.7 ug/L
EPA DW METHOD 502.1 "Volatile Halogenated Organic Compounds in Water GC-ELCD MDL = 0.003 ug/L
by Purge and Trap Gas Chromatography”
EPA DW METHOD 502.2 - "Volatile Organic Compounds in Water by Purge and GC-ELCD MDL = 0.07 ug/L
Trap Capillary Column Gas Chromatography with Photoionization and Electrolytic
Conductivity Detectors in Series”
EPA DW METHOD 524.1/SMEWW Method 6210B (Method [)/SMEWW GC-MS MDL = 0.2 ug/L
Method 6210C (Method IT) "Measurement of Purgeable Organic Compounds in MDL = 4.7 ug/L.
Water by Packed Column Gas Chromatography-Mass Spectrometry”
EPA DW METHOD 524.2/SMEWW Method 6210D "Measurement of Purgeable GC-MS MDL == 0.04 ug/L
Organic Compounds in Water by Capillary Column Gas Chromatography-Mass
Spectrometry”
SMEWW METHOD 6230C "Purge and Trap Packed-Column Gas GC-MS MDL = 0.07 ug/L
Chromatographic Method IT" :
SMEWW METHOD 6230D "Purge and Trap Capillary-Column Gas GC-ECD NA

Chromatographic Method"
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TABLE Il
METHODS AND DETECTION/QUANTITATION LIMITS FOR SPECIFIED ANALYTES OF CONCERN TO RISK ASSESSMENT

AQUEOUS MATRICES
ANALYTE/
COMMON NAME ' : : ' INSTRUMENT- QUANTITATION/
CAS NUMBER METHOD REFERENCE/TITLE OF METHOD ATION DETECTION LIMIT
1,1-dichloroethane SW846 METHOD 8240 "Gas Chromatography- Mass Spectrometry for Volatile - GC-MS PQL = 5.0 ug/L
75343 : Organics” :
1,1-dichloroethene CLP SOW METHOD LC-ORG "Chemical Analytical Services for the Analysis of GC-MS CRQL = 1.0 ug/L
75354 Low Concentration Water Samples for Organic Compounds by Gas :
Chromatography-Mass Spectrometry (GC-MS) and Gas Chromatography-Electron
Capture (GC-ECD) Techmques"
CLP SOW METHOD ORG “Smmﬁmt of Work for Organics Analysis - Multi- GC-MS CRQL = 10 ug/L.
Media, Multi-Concentration"
CLP SOW METHOD QTM "Chemical Analytical Services for Multi-Media, GC-ECD CRQL = 20 ug/L
Muiti-Concentration Samples for Organic Analysis by Quick Tumarcund Gas
Chromatography Techniques”
EPA METHOD 624 "Purgeables” GC-MS MDL = 2.8 ug/L
EPA METHOD 601/SMEWW Method 6230B "Purgeable Hydrocarbons” GC-ELCD MDL = 0.13 ug/L
EPA DW METHOD 502.1 "Volatile Halogenated Organic Compounds in Water GC-ELCD MDL. = 0.003 ug/L

by Purge and Trap Gas Chromatography"

EPA DW METHOD 502.2 "Volatile Organic Compounds in Water by Purge and GC-PID NA
Trap Capillary Column Gas Chromatography with Photoionization and Electrolytxc
Conductivity Detectors in Series”

EPA DW METHOD 502.2 "Volatile Organic Compounds in Water by Purge and GC-ELCD MDL = 0.07 ug/L
Trap Capillary Column Gas Chromatography with Photoionization and Electrolync
Conductivity Detectors in Series”
. EPA DW METHOD 524, 1/SMEWW Method 62108 (Method I)/SMEWW GC-MS MDL = 0.2ug/L.
Method 6210C (Method II) "Measurement of Purgeable Organic Compounds in MDL = 2.8 ug/L, 2.8 ug/L

Water by Packed Column Gas Chromatography-Mass Spectrometry”

o e Ve
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TABRLE III
METHODS AND DETECTION/QUANTITATION LIMITS FOR SPECIFIED ANALYTES OF CONCERN TO RISK ASSESSMENT
AQUEOUS MATRICES

ANALYTE/
COMMON NAME INSTRUMENT- QUANTITATION/
CAS NUMBER METHOD REFERENCE/TITLE OF METHOD ATION DETECTION LIMIT
1,1-dichloroethene EPA DW METHOD 524.2/SMEWW Method 6210D "Measurement of Purgeable GC-MS MDL = 0.12 ug/L
75354 Organic Compounds in Water by Capillary Column Gas Chromatography-Mass

Spectrometry”

CLP SOW METHOD QTM "Chemical Analytical Services for Multi-Media, GC-PID MDL = 20 ug/L

Multi-Concentration Samples for Organic Analysis by Quick Turnaround Gas R o

Chromatography Techmiques”

SMEWW METHOD 6230C "Purge and Trap Packed-Column Gas GC-MS MDL = 0,13 ug/L

- Chromatographic Method i

SMEWW METHOD 6230D "Purge and Trap Capillary-Column Gas - GC-PID/ - "NA

Chromatographic Method” GC-ECD

SW846 METHOD 8240 "Gas Chromatography-Mass Spectrometry for Volatile GC-MS PQL = 5.0 ug/L

Organics” -
1,1,2-trichloroethane CLP SOW METHOD LC-ORG "Chemical Analytical Services for the Analysis of GC-MS CRQL = 1.0 ug/L
79005 Low Concentration Water Samples for Organic Compounds by Gas

Chromatography-Mass Spectrometry (GC-MS) and Gas Chromatography-Electron

Capture (GC-ECD) Techniques”

CLP SOW METHOD ORG OLMO01.0 "Statement of Work for Organics Analysis GC-MS$ CRQL = 10ug/L

- Multi-Media, Multi-Concentration"

EPA METHOD 601/SW846 Method 8010/SMEWW Method 6230B "Purgeable GC-ELCD MDL = 0.02 ug/L

Halocarbons"

EPA METHOD 624 "Purgeables” GC-MS MDL = 5.0 ug/L

EPA DW METHOD 502.1 "Volatile Halogenated Orgamc Compounds in Water - GC-ELCD

by Purge and Trap Gas Chromatography”

MDL = 0,007 ug/L
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TABLE HI
METHODS AND DETECTION!QUANTITATION LIMITS FOR SPECIFIED ANALYTES OF CONCERN TO RISK ASSESSMENT
AQUEOUS MATRICES
ANALYTE/
COMMON NAME INSTRUMENT- QUANTITATION/
CAS NUMBER METHOD REFERENCE/TITLE OF METHOD ATION DETECTION LIMIT
1,1,2-trichloroethane EPA DW METHOD 502.2 "Volatile Organic Compounds in Water by Purge and GC-ELCD NA
79005 Trap Capillary Column Gas Chromatography with Photoionization and Electrolytic
Conductivity Detectors in Series”
EPA DW METHOD 524.2 "Measurement of Purgeable Organic Compounds in GC-MS MDL = 0.1 ug/L
Water by Caplllary Column Gas Chromatography-Mass Spectrometry” :
SMEWW METHOD 6040B “Closed-Loop Stripping, Gas-Chromatographic-Mass GC-MS EDL = 0.002 ug/L
Spectrometric Analysis"
SMEWW METHOD 6210B "Purge and Trap Packed-Column Gas GC-MS MDL. = 5.0 ng/l.
Chromatographic-Mass Spectrometric Method 1" '
SMEWW METHOD 6230C “Purge and Trap Packed-Column Gas GC-MS, MDL = 0.02 ug/L
Chromatographic Method 11"
- SMEWW METHOD 6230D "Purge and Trap Capillary-Column Gas GC-ECD NaA
Chromatographic Method"
SW846 METHOD 8240 "Gas Chromatography-Mass Spectrometry for Volatile GC-MS PQL = 5.0 ug/L
Organics”
1,1,2,2- CLP SOW METHOD L.C-ORG "Chemical Analytical Services for the Analysis of GC-MS CRQL = 1.0 ug/L
tetrachloroethane Low Concentration Water Samples for Organic Compounds by Gas
79345 Chromatography-Mass Spectrometry (GC-MS) and Gas Chromatography-Electron
Capture (GC-ECD) Techniques”
CLP SOW METHOD ORG, "Statement of Work for Organics Analysis - Multi- GC-MS CRQL = 10 ug/L.
Media, Multi-Concentration"
CLP SOW METHOD QTM “"Chemical Analytical Services for Multi-Media, GC-PID CRQL = 20 ug/L
Multi-Concentration Samples for Organic Analysis by Quick Turnaround Gas
Chromatography Techniques®
. p
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TABLE IIT
METHODS AND DETECTION! QUANTITATION LIMITS FOR SPECIFIED ANALYTES OF CONCERN TO RISK ASSESSMENT
AQUEQUS MATRICES
ANALYTE/ :
COMMON NAME INSTRUMENT- QUANTITATION/ .
CAS NUMBER METHOD REFERENCE/TITLE OF METHOD ATION DETECTION LIMIT
1,1,2,2- EPA METHOD 601/SW846 Method 8010/SMEWW Method 6230B "Purgeable GC-ELCD MDL = 0.03 ug/L
tetrachloroethane Halocarbons" '
79345
EPA METHQOD 624 "Purgeables” GC-MS MDL = 6.9 ug/L.
EPA DW METHOD 502.1 "Volatile Halogenated Organic Compounds in Water GC-ELCD MDI. = 0.01 ug/L
by Purge and Trap Gas Chromatography"
EPA DW METHOD 502.2 "Volatile Organic Compounds in Water by Purge and GC-ELCD MDL = 0.08 ug/L
Trap Capillary Column Gas Chromatography with Photoionization and Electrolytic -
Conductivity Detectors in Series”
EPA DW METHOD 524.1/SMEWW Method 6210B "Measurement of Purgeable - GC-MS MDL = 0.4 ug/L
Organic Compounds in Water by Packed Column Gas Chromatography-Mass MDL = 6.9 ug/L
Spectrometry”
EPA DW METHOD 524.2/SMEWW Method 6210D "Measurement of Purgeable GC-MS MDL = 0.04 ng/L
Organic Compounds in Water by Caplllary Column Gas Chromatography-Mass MDL = 1.11 ug/L
Spectrometry™ _ .
SMEWW METH.OD 6040B "Closed-Loop Stripping, Gas-Chromatographic-Mass- GC-MS EDL = 50 ug/L
Spectrometric Analysis"
SMEWW METHOD 6230D "Purge and Trap Capillary-Column Gas GC-PID MDL = 0.03 ug/L
Chromatographic Method" .
SW846 METHOD 8240 "Gas Chromatography-Mass Spectrometry for Volatile GC-MS PQL = 5.0 ug/L
Organics”
1,2-dichloroethane CLP SOW METHOD LC-ORG "Chemical Analyticﬂ Services for the Analysis of GC-MS

107062

Low Concentration Water Samples for Organic Compounds by Gas
Chromatography-Mass Spectrometry {GC-MS) and Gas Chromatography-Electron
Capture (GC-ECD) Techniques”

CRQL = 1.0 ug/L
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. ' TABLE III
METHODS AND DETECTION/QUANTITATION LIMITS FOR SPECIFIED ANALYTES OF CONCERN TO RISK ASSESSMENT
AQUEOUS MATRICES
ANALYTE/
COMMON NAME INSTRUMENT- QUANTITATION/
CAS NUMBER METHOD REFERENCE/TITLE OF METHOD ATION DETECTION LIMIT
1,2-dichloroethane CLP SOW METHOD ORG "Statement of Work for Organics Analysis - Multi- GC-MS CRQL = 10 ug/L
107062 Media, Multi-Concentration"
CLP SOW METHOD QTM "Chemical Analytical Services for Multi-Media, GC-EC CRQL = 20 ug/L
Multi-Concentration Samples for Organic Analysis by Quick Turnaround Gas
Chromatography Techniques"
EPA METHOD 601/SW846 Method 8010/SMEWW Method 6230B “Purgeable GC-ELCD MDL = 0.03 ug/L
Halocarbons" '
EPA METHOD 624 "Purgeables” GC-MS MDL = 2.8 ug/L
EPA DW METHOD 502.1 "Volatile Halogenated Organic Compounds in Water GC-ELCD MDI, = 0.002 ug/L
by Purge and Trap Gas Chromatography”
EPA DW METHOD 502.2 "Volatile Organic Compounds in Water by Purge and GC-ELCD MDL = 0.03 ug/L
Trap Capillary Column Gas Chromatography with Photoionization and Electrolytic
Conductivity Detectors in Series”
EPA DW METHOD 524, 1/SMEWW Method 6210B (Method 1)/SMEWW GC-MS MDL = 0.2 ug/L, 2.8 ug/L,
Method 6210 C (Method II} "Measurement of Purgeable Organic Compounds in MDL = 2.8 ug/L
Water by Packed Column Gas Chromatography-Mass Spectrometry”
EPA DW METHOD 524.2 "Measurement of Purgesble Organic Compounds in GC-MS MDL = 0,06 ug/L.
Water by Capillary Column Gas Chromatography-Mass Spectrometry”
SMEWW METHOD 6230C "Purge and Trap Packed Column Gas GC-MS MDL = 0.03 ug/L
Chromatographic Method II”
SMEWW METHOD 6230D "Purge and Trap Capillary Column Gas GC-ECD NA

Chromatographic Method”
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TABLE Il
METHODS AND DETECTION/QUANTITATION LIMITS FOR SPECIFIED ANALYTES OF CONCERN TO RISK ASSESSMENT
AQUEQUS MATRICES

ANALYTE/
COMMON NAME INSTRUMENT- QUANTITATION/
CAS NUMBER METHOD REFERENCE/TITLE OF METHOD ATION DETECTION LIMIT
1,2-dichloroethane SW846 METHOD 8240 "Gas Chromatography-Mass Spectrometry for Volatile GC-M3 PQL = 5.0 ug/L
107062 Organics”
1,2-dichloropropane CLP SOW METHOD LC-ORG "Chemical Analytical Services for the Analysis of GC-MS CRQL = 1.0 ug/L
78875 Low Concentration Water Samples for Organic Compounds by Gas

Chromatography-Mass Spectrometry (GC-MS) and Gas Chromatography-Electron

Capture (GC-ECD) Techniques"

CLP SOW METHOD ORG "Statement of Work for Organics Analysis - Multi- GC-MS CRQL = 10ug/L

Media, Mutti-Concentration”

EPA METHOD 601/5W846 Method 8010/SMEWW Method 62308 GC-ELCD MDL = 0.04 ug/L

"Purgeable Halocarbons™

EPA METHOD 624 "Purgeables” GC-MS MDL = 6.0 ug/L

EPA DW METHOD 502.1 "Volatile Halogenated Organic Compounds in Water GC-ELCD NA

by Purge and Trap Gas Chromatography "

EPA DW METHOD 502.2 "Volatile Organic Compounds in Water by Purge and GC-PID NA

Trap Capillary Columm Gas Chromatography with Photoionization and Electrolytic :

Conductivity Detectors in Series”

EPA DW METHOD 502.2 *Volatile Organic Compounds in Water by Purge and GC-ELCD MDL = 0.01 ug/L

Trap Capillary Column Gas Chromatography with Photoionization and Electrolytic

Conductivity Detectors in Series"

EPA DW METHOD 524.1/SMEWW Method 6210B/SMEWW Method 6210C GC-MS MDL = 0.2 ug/LL

"Measurement of Purgeable Organic Compounds in Water by Packed Column Gas MDL = 6.0 ug/L, 6.0 ug/L

Chromatography-Mass Spectrometry”

EPA DW METHOD 524.2/SMEWW Method 6210D "Measurement of Purgeable GC-MS$ MDL = 0,04 ug/L

Organic Compounds in Water by Capillary Column Gas Chromatography-Mass
Spectrometry "
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TABLE III
METHODS AND DETECTION/QUANTITATION LIMITS FOR SPECIFIED ANALYTES OF CONCERN TO RISK ASSESSMENT
AQUEOUS MATRICES
ANALYTE/ '
COMMON NAME INSTRUMENT- QUANTITATION/
CAS NUMBER METHOD REFERENCE/TITLE OF METHOD ATION DETECTION LIMIT
1,2-dichloropropane EPA SMEWW METHOD 6230C "Purge and Trap Packed-Column Gas GC-MS$ MDL == 0.04 ug/L
78875 Chromatographic Method I1"
SMEWW METHOD 6230D "Putge and Trap Capillary-Column Gas GC-ECD NA
Chromatographic Method™
SWE846 METHOD 8240 “Gas Chromatography-Mass Spectrometry for Volatile GC-MS PQL = 5.0 ug/L
Organics” '
1,4-dichlorobenzene CLP SOW METHOD LC-ORG "Chemical Analytical Services for the Analysis of GC-MS CRQL = 1.0 ug/L
106467 Low Concentration Water Samples for Organic Compounds by Gas _
Chromatography-Mass Spectrometry (GC-MS) and Gas Chromatography-Electron
Capture (GC-ECD) Techniques”
CLP SOW METHOD ORG "Statement of Work for Organics Analysis - Multi- GC-MS CRQL = 10 ug/L
Media, Multi-Concentration”
EPA METHOD 601/SW846 Method 8010/SMEWW Method 6230B "Purgeable GC-ELCD MDL = 0.24 ug/L
Halocarbons” ' '
EPA METHOD 602/SW846 Method 8020/SMEWW Method 6220B “Purgeable GC-PID MDL = 0.3 ug/L
Aromatics”
EPA METHOD 612 "Chlorinated Hydrocarbons” GC-ED MDL = 1.34 ug/L
EPA METHOD 624 "Purgeables” GC-MS§ NA
EPA METHOD 625 "Base/Neutrals and Acids” GC-MS MDL. = 4.4 ug/L
EPA DW METHOD 502.1 "Volatile Halogenated Organic Compounds in Water GC-ELCD NA
by Purge and Trap Gas Chromatography"
EPA DW METHOD 502.2 "Volatile Organic Compounds in Water by Purge and GC-PID MDL = 0.01 ug/L

Trap Capillary Column Gas Chromatography with Photoionization and Electrolytic
Conductivity Detectors in Series”
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TABLE III
METHODS AND DETECTION/QUANTITATION LIMITS FOR SPECIFIED ANALYTES OF CONCERN TO RISK ASSESSMENT
| AQUEOUS MATRICES

ANALYTE/
COMMON NAME INSTRUMENT- QUANTITATION/
CAS NUMBER METHOD REFERENCE/TITLE OF METHOD ATION DETECTION LIMIT
1,4-dichlorobenzene EPA DW METHOD 502.2 "Volatile Organic Compounds in Water by Purge and GC-ELCD MDL = 0.01 ug/L
106467 Trap Capillary Column Gas Chromatography with Photoionization and Electrolytic

Conductivity

Detectors in Series”

EPA DW METHOD 503.1 "Volatile Aromatic and Unsaturated Organic GC-PID MDL = 0.006 ug/L

Compounds in Water by Purge and Trap Gas Chromatography” '

EPA DW METHOD 524.1/SMEWW Method 6210B (Method I)/SMEWW GC-MS MDL = 2.0 ug/L

Method 6210C (Method II) "Measurement of Purgeable Organic Compounds in

Water by Packed Column Gas Chromatography-Mass Spectrometry”

EPA DW METHOD 524.2/SMEWW Method 6210D “Measurement of Purgeable GC-MS MDL = 0,03 ug/L

Organic Compounds in Water by Capillary Column Gas Chromatography-Mass

Spectrometry”

SMEWW METHOD 6230C “Purge and Trap Packed-Colomn Gas GC-MS MDL = 0.24 ug/L

Chromatographic Method 11"

SMEWW METHOD 6230D "Purge and Trap Capillary-Column Gas GC-PID/ NA

Chromatographic Method" GC-ECD

SMEWW METHOD 6410B "Liquid-Liquid Extraction Gas Chromatographic- GC-MS MDL = 4.4 ug/L.

Mass Spectrometric Method"

SW846 METHOD 8270 "Ges Chromatography-Mass Spectrometry for GC-MS PQL = 10 ug/L

Semivolatile Organics; Capillary Column Technique”
Benzene CLP SOW METHOD LC-ORG "Chemical Analytical Services for the Analysis of GC-MS CRQL = 1.0 ug/L
71432 Low Concentration Water Samples for Organic Compounds by Gas

Chromatography-Mass Spectrometry (GC-MS) and Gas Chromatography-Electron
Capture (GC-ECD) Techniques”
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TABLE 1II
METHODS AND DETE’CTIONIQUANTITATION LIMITS FOR SPECIFIED ANALYTES OF CONCERN TO RISK ASSESSMENT
AQUEOUS MATRICES
ANALYTE/
COMMON NAME ' : INSTRUMENT- QUANTITATION/
CAS NUMBER METHOD REFERENCE/TITLE OF METHOD ATION DETECTION LIMIT
Benzene CLP SOW METHOD ORG "Statement of Work for Organics Analysis - Multi- GC-MS CRQL = 5.0 ug/L
71432 Media, Multi-Concentration" -
CLP SOW METHOD QTM "Chemicai Analytical Services for Multi-Media, GC-ECD CRQL = 20ug/L
Multi-Concentration Samples for Organic Analysis by Quick Turnaround Gas
Chromatography Techniques”
EPA METHOD 602/5W846 Method 8020/SMEWW Method 6220B "Purgeable GC-PID MDL = 0.2 ug/L
Aromatics”
EPA METHOD 624 "Purgeables” GC-MS MDL = 4.4 ug/L.
EPA DW METHOD 502.2 "Volatile Organic Compounds in Water by Purge and GC-PID MDL = 0.01 ug/L
Trap Capillary Column Gas Chromatography with Photoionization and Electrolytic
Conductivity Detectors in Series”
EPA DW METHOD 503.1 "Volatile Aromatic and Unsaturated Organic GC-PID MDL = .02 ug/L
Compounds in Water by Purge and Trap Gas Chromatography”
EPA DW METHOD 524.1/SMEWW Method 6210B (Method I)/SMEWW GC-MS MDL = 0.1 ug/L, 4.4 ug/L.
Method 6210C (Method II} "Measurement of Purgeable Organic Compounds in MDL = 4.4 ug/L.
Water by Packed Column Gas Chromatography-Mass Spectrometry”
EPA DW METHOD 524.2/SMEWW Method 6210D "Measurement of Purgeable GC-MS MDL = 0.04 ug/L
Organic Compounds in Water by Capillary Column Gas Chromatography-Mass _
Spectrometry”
SMEWW METHOD 6220C "Purge and Trap Gas Chromatographic Method 1I* - GC-MS MDL = 0.2 ug/L.
SMEWW METHOD 6230D “Purge and Trap Capiliary-Column Gas NA

Chromatographic Method"

GC-ECD
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TABLE I
METHODS AND DETECTION/QUANTITATION LIMITS FOR SPECIFIED ANALYTES OF CONCERN TO RISK ASSESSMENT
AQUEQUS MATRICES
ANALYTE/
COMMON NAME INSTRUMENT- QUANTITATION/
CAS NUMRER METHOD REFERENCE/TITLE OF METHOD ATION DETECTION LIMIT
Benzene SW846 METHOD 8240 *"Gas Chromatography-Mass Spectrometry for Volatile GC-MS PQL = 5.0 ug.fL
71432 Organics®
Chloroethene CLP SOW METHOD LC-ORG “"Chemical Analytical Services for the Analysis of GC-MS CRQL = 1.0 ug/L
(Vinyl Chleride) Low Concentration Water Samples for Organic Compounds by Gas
75014 Chromatography-Mass Spectrometry (GC-MS) and Gas Chromatography-Electron
Capture (GC-ECD) Techniques"
CLP SOW METHOD ORG "Statement of Work for Orgamcs Analysis - Multi- GC-MS CRQL = 10 ug/L
Media, Multi-Concentration”
CLP SOW METHOD QTM "Chemical Analytical Services for Multi-Media, GC-ECD - CRQL = 20 ug/L
Multi-Concentration Samples for Organic Analysis by Quick Turaround Gas
Chromatography Technigues”
EPA METHOD 601/SW846 Method 8010/SMEWW Method 6230 "Purgeable GC-BELCD MDL = 0.18 ug/L
Halocarbons"
EPA METHOD 624 "Purgeables” GC-MS NA
EPA DW METHOD 502.1 "Volatile Halogenated Organic Compounds in Water GC-ELCD MDIL, = 0.01 ug/L
by Purge and Trap Gas Chromatography®
EPA DW METHOD 502.2 "Volatile Organic Compoujlds in Water by Purge and GC-PID MDL = 0.02 ug/L
Trap Capillary Column Gas Chromatography with Photoionization and Electrolytic
Conductivity Detectors in Series”
EPA DW METHOD 502.2 "Volatile Organic Compounds in Water by Purge and GC-ELCD MDL = 0.04 ug/L
Trap Capillary Column Gas Chromatography with Photoionization and Electrolytic
Conductivity Detectors in Series”
EPA DW METHOD 524.1/SMEWW Method 6210B (Method I)/SMEWW GC-MS MDL = 0.3 ug/L

Method 6210C (Method II) "Measurement of Purgeable Organic Compounds in
Water by Packed Column Gas Chromatography-Mass Spectrometry”
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: TABLE 11
METHODS AND DETECTIONIQUANTITATION LIMITS FOR SPECIFIED ANALYTES OF CONCERN TO RISK ASSESSMENT
- AQUEOUS MATRICES
ANALYTE/
COMMON NAME o g : INSTRUMENT- QUANTITATION/
CAS NUMBER METHOD REFERENCE/TITLE OF METHOD ATION DETECTION LIMIT
Chloroethene EPA Dw METHOD 524.2/SMEWW Method 6210D "Measurement of Purgeable GC-MsS MDL = 0.17 ug/L
(Vinyl Chloride) Organic Compounds in Water by Capillary Column Gas Chromatography-Mass
75014 Spectrometry”-
SMEWW METHOD 6230C "Purge and Trap Packed-Column Gas GC-MS MDL = 0.18 ug/L
Chromatographic Method 11" : o
SMEWW METHOD 6230D "Purge and Trap Capxllary Column Gas GC-PID/ NA
Chromatographic Method" GC-ECD
SWg46 METHOD 8010 "Halogenated Volatile Organics” GC-ELCD MDL = 0.18 ug/L
2 SW846 METHOD 8240 "Gas Chromatography-Mass Spectmmetry for Volatile GC-MS PQL = 10 ug/L
Organics”
Dichloromethane CLP SOW METHOD LC-ORG "Chemical Analytlcal Services for the Analysis of GC-MS CRQL = 2.0 wg/L
(Methyiene Chloride) Low Concentration Water Samples for Organic Compounds by Gas
75092 Chromatography-Mass Spectrometry (GC-MS) and Gas Chromatography-Electron
Capture (GC-ECD) Techniques"
CLP SOW METHOD ORG "Statement of Work for Orgamcs Analysis - Multi- GC-MS CRQL = 10ug/L
Media, Multi-Concentration®
EPA METHOD 601/SMEWW Method 6230B "Purgeable Halocarbons* GC-ELCD MDL = 0.25 ug/L
EPA METHOD 624 "Purgeables” GC-MS MDL = 2.8 ug/L.
EPA DW METHOD 502.1 "Volatile Halogenated Organic Compounds in Water GC-ELCD NA
by Purge and Trap Gas Chromatography”
EPA DW METHOD 502.2 "“Volatile Organic Compounds in Water by Purge and GC-ELCD MDL = 0.02 ug/L

Trap Capillary Column Gas Chromatography with Photoionization and Electrolytic
Conductivity Detectors in Series"
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TABLE III
METHODS AND DETECTION/QUANTITATION LIMITS FOR SPECIFIED ANALYTES OF CONCERN TO RISK ASSESSMENT
AQUEOUS MATRICES

ANALYTE/
COMMON NAME : INSTRUMENT- QUANTITATION/
CAS NUMBER METHOD REFERENCE/TITLE OF METHOD ATION DETECTION LIMIT
Dichloromethane EPA DW METHOD 524.1/SMEWW Method 62108 (Method I)/SMEWW GC-MS MDL = 1.0 ug/L
(Methylene Chloride) Method 6210C (Method II) "Measurement of Purgeable Organic Compounds in ' MDL = 2.8 ug/L
75092 Water by Packed Column Gas Chromatography-Mass Spectrometry”

EPA DW METHOD 524.2 /SMEWW Method 6210D “Measurement of Purgeable GC-MS MDL = 0.03 ug/L

Organic Compounds in Water by Capﬂlary Colurn Gas Chromatography-Mass

Spectmmatry

SMEWW METHOD 6230C “Purge and 'I‘rap Packed-Column Gas GC-MS MDL = 0.25 ug/L

Chromatograpluc Method II"

SMEWW METHOD 6230D “Purge and Trap Capillary-Column Gas GC-ECD - NA

Chromatographic Methed”

SW846 METHOD 8240 "Gas Chromatography-Mass Spectrometry for Volatile .GC-MS PQL = 5.0 ug/L

Organics”
Ethenyl Benzene CLP SOW METHOD LC-ORG "Chemical Analytical Services for the Analysis of GC-MS CRQL = 1.0 ug/L
(Styrene) Low Concentration Water Samples for Organtc Compounds by Gas :
100425 Chromatography-Mass Spectrometry (GC-MS) and Gas Chromatography-Electron

Capturc (GC-ECD) Techmques

CLP SOW METHOD ORG "Statement of Work for Orgamcs Analysis - Multi- GC-MS CRQL = 10 ug/L

Media, Multi-Concentration”

EPA METHOD 602 “Purgeable Aromatics" "GC-PID MDL = 0.20 ug/L.

EPA DW METHOD 502.2 "Volatile Organic Compounds in Water by Purge and GC-PID MDL = 0.01 ug/L

Trap Capillary Column Gas Chromatography with Photoionization and Electrolytic

Conductivity Detectors in Series"

EPA DW METHOD 503.1 "Volatile Aromatic and Unsaturated Organic GC-PID MDL = 0.008 ug/L

Compounds in Water by Purge and Trap Gas Chromatography*
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TABLE HI
METHODS AND DETECTION:'QUANTITATION LIMITS FOR SPECIFIED ANALYTES OF CONCERN TO RISK ASSESSMENT
AQUEOUS MATRICES
ANALYTE/
COMMON NAME INSTRUMENT- QUANTITATION/
CAS NUMBER METHOD REFERENCE/TITLE OF METHOD ATION DETECTION LIMIT
Ethenyl Benzene EPA DW METHOD 524.1/SMEWW Method 6210C "Measurement of Purgeable GC-MS MDL = 0.2 ﬁgfL
(Styrene) Organic Compounds in Water by Packed Column Gas Chromatography-Mass :
100425 Spectrometry
EPA DW METHOD 524.2 /SMEWW Method 6210D "Measurement of Purgeable GC-MS MDL = 0.04 ug/L
Organic Compounds in Water by Capillary Column Gas Chromatography-Mass :
Spectrometry”
SW846 METHOD 8240 "Gas Chromatography-Mass Spectrometry for Volatile GC-MS PQL = 5.0 ug/L
Organics”
Tetrachloroethene CLP SOW METHOD ORG *Statement of Work for Organics Analysis - Multl- GC-MS CRQL = 10 ug/L.
(Tetrachloroethylene) Media, Muiti-Concentration"
127184
: CLP SOW LC-ORG "Chemical Analytical Services for Analysis of Low GC-MS CRQL = 1.0ug/l.
" Concentration Water Samples for Organic Compounds by Gas Chromatography- e '
Mass Spectrometry (GC-MS) and Gas Chromatogrephy-Electron Capture (GC-
ECD) Technique"
CLP SOW METHOD QTM “Chemical Analytical Services for Multi-Mediz, GC-ECD CRQL = 20 ug/L.
Multi-Concentration Samples for Organic Analysis by Quick Turparound Gas
Chromatogmphy Techmques
EPA METHOD 601/SW846 Method 8010/SMEWW Method 6230B Purgeable GC-ELCD MDL = 0.03 ug/L
Halocarbons”
EPA METHOD 624 "Purgcables“ GC-MS MDL = 4.1 ug/L
EPA DW METHOD 502.1 "Volatile Halogenated Organic Compounds in Water GC-ELCD MDL = 0.001 ug/L.
by Purge and Trap Gas Chromatography”
EPA DW METHOD 502.2 "Volatile Organic Compounds in Water by Purge and GC-FID MDL = 0.05 ug/L

Trap Capillary Column Gas Chromatography with Photoionization and Electrolytic
Conductivity Detectors in Series”



112

APPENDIX II1

TABLE Il
METHODS AND DETECTION/QUANTITATION LIMITS FOR SPECIFIED ANALYTES OF CONCERN TO RISK ASSESSMENT
AQUEOUS MATRICES
ANALYTE/
COMMON NAME INSTRUMENT- QUANTITATION/
CAS NUMBER METHOD REFERENCE/TITLE OF METHOD ATION DETECTION LIMIT
Tetrachloroethene EPA DW METHOD 502.2 *Volatile Organic Compounds in Water by Purge and GC-ELCD MDL = 0.04 ug/L
(Tetrachloroethylene)  Trap Capillary Column Gas Chromatography with Photoionization and Electrolytic
127184 Conductivity Detectors in Series”
EPA DW METHOD 503.1 “Volatile Aromatic and Unsaturated Organic GC-PID MDL = 0.01 ug/L
Compounds in Water by Purge and Trap Gas Chromatography ™
EPA DW METHOD 524.1/SMEWW Method 62108 (Method [)/SMEWW GC-MS MDL = 0.3 ug/L, 4.1 ug/L
Method 6210C (Method I} "Measurement of Purgeable Organic Compounds in: MDL = 4.1 ug/L.
Water by Packed Column Gas Chromatography-Mass Spectrometry” ' '
EPA DW METHOD 524.2/SMEWW Method 6210D "Measurement of Purgeable GC-MS MDL = 0.14 ug/L.
Organic Compounds in Water by Capillary Column Gas Chromatography-Mass
Spectrometry”
SMEWW METHOD 6040B "Closed-Loop Stripping, Gas-Chromatographic-Mass- GC-MC EDL = 0.10 ug/L.
Spectrometric Analysis” '
SMEWW METHOD 6230C Purge and Trap Packed-Column Gas GC-MS MDL = 0.03 ug/L
Chromatographic Method II* :
SMEWW METHOD 6230D "Purge and Trap Capillary-Column Gas GC-PID/ NA
Chromamgraphlc Method" ' : GC-ECD
SW846 METHOD 8240G "Gas Chromatography-Mass Spectrometry for Volatile GC-MS PQL = 5.0 ug/L
Organics"” '
Tetrachloromethane CLP SOW METHOD LC-ORG "Chemical Analytical Services for the Analysis of GC-MS CRQL = 1.0 ug/L
(Carbon Tetrachloride) Low Concentration Water Samples for Organic Compounds by Gas
56235 Chromatography-Mass Spectrometry (GC-MS) and Gas Chromatography-Electron
Capture (GC—ECD) Techniques”
GC-MS CRQL = 10 ug/L

CLP SOW METHOD ORG - "Statement of Work for Organics Analysis - Multi-
Media, Multi-Concentration” '
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. TABLE III
METHODS AND DETECTION/QUANTITATION LIMITS FOR SPECIFIED ANALYTES OF CONCERN TO RISK ASSESSMENT
AQUEQUS MATRICES
ANALYTE/
COMMON NAME ' ' INSTRUMENT- QUANTITATION/
CAS NUMBER METHOD REFERENCE/TITLE OF METHOD ATION DETECTION LIMIT
Tetrachloromethane _CLP SOW METHOD QTM "Chemical Analytical Services for Multi-Media, GC-ECD CRQL = 20 ug/L
(Carbon Tetrachloride) ~ Multi-Concentration Samples for Organic Analysis by Quick Tumaround Gas
56235 Chromatography Techniques*
EPA METHOD 601/SW846 Method 8010/SMEWW Method 6230B "Purgeable GC-ELCD MDL = 0.12 ug/L
Halocarbons" - R : .
EPA METHOD 624 "Purgeables" GC-MS MDL = 2.8 ug/L
EPA DW METHOD 502.1 *Volatile Halogenated Organic Compounds in Water GC-ELCD MDL = 0.003 ug/L
by Purge and Trap Gas Chromatography* :
EPA DW METHOD 502.2 *Volatile Organic Compounds in Water by Purge and GC-ELCD MDL = 0.01 vg/L
Trap Capillary Column Gas Chromatography with Photoionization and Electrolytic
Conductivity Detectors in Series” S '
EPA DW METHOD 524.1/SMEWW Method 6210B (Method 1)/SMEWW GC-MS MDL = 0.3 ug/L, 2.8 ug/L
Method 6210C (Method II) "Measurement of Purgeable Organic Compounds in MDL = 2.8 ug/L
Water by Packed Column Gas Chromatography-Mass Spectrometry"
EPA DW METHOD 524.2/SMEWW Method 6210D “Measurement of Purgeable GC-MS MDL = 0.21 ug/L
Organic Compounds in Water by Capillary Column Gas Chromatography-Mass
Spectrometry”
SMEWW METHOD 6230C “Purge and Trap Packed-Column Gas GC-MS MDL = 0.12 ug/L
Chromatographic Method II*
SMEWW METHOD 6230D "Purge and Trap Capillary-Column Gas GC-ECD NA
Chromatographic Method"
SW846 METHOD 8240 "Gas Chromatography-Mass Spectrometry for Volatile GC-MS PQL = 5.0 ug/L.

Organics*”
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TABLE 111
METHODS AND DETECTION/QUANTITATION LIMITS FOR SPECIFIED ANALYTES OF CONCERN TO RISK ASSESSMENT
AQUEOUS MATRICES
ANALYTE/
COMMON NAME : INSTRUMENT- QUANTITATION/
CAS NUMBER METHOD REFERENCE/TITLE OF METHOD ATION DETECTION LIMIT
Trichloromethane CLP SOW METHOD LC-ORG "Chemical Analytical Services for the Analysis of GC-MS CRQL = 1.0ug/L
{Chloroform) Low Concentration Water Samples for Organic Compounds by Gas
67663 Chromatography-Mass Spectrometry (GC-MS) and Gas Chromatography-Electron
. Capture (GC-ECD) Techniques”
CLP SOW METHOD ORG "Statement of Work for Organics Analysis - Multi- GC-MS CRQL = 10 ug/L
Media, Multi-Concentration” n
CLP SOW METHOD QTM "Chemical Analytical Services for Multi-Media, GC-ECD CRQL = 20 ug/L
Multi-Concentration Samples for Organic Analysis by Quick Turnaround Ges
Chromatography. Techniques™ '
EPA METHOD 601!SW346 Method 8010/SMEWW Method 6230B "Purgeable GC-ELCD MDL = 0.05 ug/L
Halocarbons” : g ' :
EPA METHOD 624 “Purgeables” GC-MS MDL = 1.6 ug/L.
EPA DW METHOD 502.1 "Volatile Halogenated Organic Compounds in Water GC-ELCD NA
by Purge and Trap Gas Chromatography” '
EPA DW METHOD 502.2 "Volatile Organic Compounds in Water by Purge and GC-ELCD MDL = 0.02 ug/L
Trap Capillary Column Gas Chromatography with Photoionization and Electrolytic
_Conductivity Detectors in Series” :
EPA DW METHOD 524.1/SMEWW Method 6210B (Method I)/SMEWW GC-MS MDL = 0.2 ug/L, 1.6 ug/L
Method 6210C (Method II) "Measurement of Purgeable Organic Compounds in MDL = 1.6 ug/L.
Water by Packed Column Gas Chromatography-Mass Spectrometry”
EPA DW METHOD 524.2/SMEWW Method 6210D "Measurement of Purgeable GC-MS MDL = 0.03 ug/L
Organic Compounds in Water by Capillary Colurn Gas Chromatography-Mass
Spectrometry” - : Co
SMEWW METHOD 6230C “Purge and Trap Packed-Column Gas GC-MS MDL = 0.05 ug/L.

Chromatographic Method 11"
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APPENDIX mI
4 TABLE III . |
METHODS AND DETECTION/QUANTITATION LIMITS FOR SPECIFIED ANALYTES OF CONCERN TO RISK ASSESSMENT

AQUEOUS MATRICES

ANALYTE/ .
COMMON NAME ' INSTRUMENT- QUANTITATION/
CAS NUMBER METHOD REFERENCE/TITLE OF METHOD : ATION DETECTION LIMIT
Trichloromethane SMEWW METHOD 6230D "Purge and Trap Capillary-Column Gas GC-ECD NA
(Chloroform) Chromatographic Method"
67663 '

SW846 METHOD 8240 “Gas Chromatography-Mass Spectrometry for Volatile GC-MS PQL = 5.0 ug/L

Organics”
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TABLE IV

METHOD TITLES AND APPLICATIONS

METHOD REFERENCE TITLE OF METHOD APPLICATION OF METHOD
lerp sow
METHOD INORG "Statement of Work for Inorganics Analysis - Multi-Medta, This method is for the analysis of 23 metals and cyanide. Sample matrices

Multi-Concentration,” Doc No. ILM02.0

METHOD LC-ORG "Chemical Analytical Services for the Analysis of Low
Concentration Water Samples for Organic Compounds by Gas
Chromatography-Mass Spectrometry (GC-MS3) and Gas
Chromatography-Electron Capture (GC-ECD) Techniques,”
6/91 Draft

METHOD ORG *Statement of Work for Organics Analysis - Multi-Media,
Multi-Concentration,” Doc No, OLMO01.8 (8/91)

METHOD QTM "Chemical Analytical Services for Multi-Media, Multi-
Concentration Samples for Organic Analysis by Quick
Turnaround Gas Chromatography Techniques,” Draft 7/91

gp

METHOD 601 "Purgeable Halocarbons"

METHOD 602 "Purgeable Aromatics”

compatible with this method include water and soil/sediment.

This method consists of three separate methods. These methods are for
the analysis of 40 volatile compounds, 60 semivolatile compounds and 28
organochlorine pesticides and Aroclors. Sample matrices compatible with
this method include drinking water, surface water and groundwater.

This method consists of three separate methods. These methods are for
the analysis of 34 volatile compounds, 65 semivolatile compounds and 27
organochlorine pesticides and Aroclors. Sample matrices compatible with
these methods include water and soil/sediment.

This method consists of five separate methods. These methods are for the
analysis of 21 volatile compounds, 16 polynuciear aromatic hydrocarbons,
16 phenols, 19 pesticides and 8 Aroclors plus toxaphene. Sample matrices
compatible with this method include water and soil/sediment.

This method is for the analysis of 29 purgeable halocarbons. Sample
matrices compatible with this method include municipal and industrial
discharges.

This method is for the analysis of seven purgeable aromatic compounds.
Sample matrices compatible with this method include municipal and
industrial discharges. '

leLp sow CONTRACT LABORATORY PROGRAM (CLP) STATEMENT OF WORK, OFFICE OF EMERGENCY AND REMEDIAL RESPONSE

2EpA GUIDELINES ESTABLISHING TEST PROCEDURES FOR THE ANALYSIS OF POLLUTANTS UNDER THE CLEAN WATER ACT FINAL
RULE AND INTERIM FINAL RULE AND PROPOSED RULE, 10/84, 40 CFR PART 136 :
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TABLE IV
METHOD TITLES AND APPLICATIONS

METHOD REFERENCE TITLE OF METHOD APPLICATION OF METHOD

EPA

METRHOD 606 "Phthalate Ester" This method is for the analysis of six phthalate ester compounds. Sample
matrices compatible with this method include municipal and industrial
discharges. -

METHOD 607 "Nitrosamines" This method is for the analysis of three nitrosamines, Sample matrices
compatible with this method include municipal and industrial discharges.

METHOD 608 "Organochlorine Pesticides and PCBs* This method is for the analysis of 27 organochlorine pesticides and
Aroclors. Sample matrices compatible with this method include municipal
and industrial discharges. :

METHOD 609 “Nitroaromatics and Isophorone” This method is for the analysis of four nitroaromatics and isophorone.
Sample matrices compatible with this method include municipal and
industrial discharges.

METHOD 610 "Polynuclear Aromatic Hydrocarbons™ This method is for the analysis of 16 polynuclear aromatic hydrocarbons. .
Sample matrices compatible with this method include municipal and.
industrial discharges.

METHOD 612 *Chlorinated Hydrocarbons® This method is for the analysis of nine chlorinated hydrocarbons. Sample
matrices compatible with this method include muinicipal and industrial
discharges.

METHOD 624 "Purgeables” This method is for the analysis of 30-33 purgeable organic compounds,
Sample matrices compatible with this method include municipal and
industrial discharges.

METHOD 625 "Base/Neutrals and Acids” This method is for the analysis of 80-84 semivolatile compounds. Sample

matrices compatible with this method include municipal and industrial
discharges.
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TABLE IV

METHOD TITLES AND APPLICATIONS

METHOD REFERENCE TITLE OF METHOD APPLICATION OF METHOD
3EPA AIR
METHOD TO-1 “Method for the Determination of Volatile Organic This method is for the analysis of 18 nonpolar volatile compounds with

METHOD TO-14

METHOD TO-2

METHOD TO-3

METHOD TO-4

Compounds in Ambient Air Using Tenax Adsorption and Gas
Chromatography-Mass Spectrometry (GC-MS)”

"The Determination of Volatile Organic Compounds (VOCs)
in Ambient Air Using Summa Passivated Canister Sampling
and Gas Chromatographic Analysis®

“Method for the Determination of Volatile Organic
Compounds in Ambient Air by Carbon Molecular Sieve
Adsorption and Gas Chromatography-Mass Spectrometry
(GC-MS)"

"Method for the Determination of Volatile Organic
Compounds in Ambient Air Using Cryogenic
Preconcentration Techniques and Gas Chromatography with
Flame Ionization and Electron Capture Detection”

"Method for the Determination of Organochlorine Pesticides
and Polychlorinated Biphenyls in Ambient Air®

3EpA AIR

boiling points between 80 and 200 degrees °C. Samples are collected on
pre-cleaned tenax cartridges.

This method is for the analysis of 40 volatile organic compounds. Samples
are collected on cleaned and certified SUMMA canisters.

This method is for the analysis of 11 volatile organic compounds with
boiling points between -15 and 120 degrees °C Samples are collected on
pre-cleaned carbon molecular sieves.

This method is for the analysis of eight volatile organic compounds with
boiling points between -10 and 200 degrees °C.

This method is for the analysis of 11 organochlorine pesticides and
Aroclors. Samples ‘are collected on polyurethane foam filters. Samples
are prepared using a Soxhlet extracuon Analysis is performed by GC-
ECD.

COMPENDIUM OF METHODS FOR THE DETERMINATION OF TOXIC ORGANIC COMPOUNDS IN AMBIENT AIR, 5/88,

ENVIRONMENTAIL MONITORING SYSTEMS LABORATORY/RTP, EPA 600/4-84-041
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METHOD REFERENCE

APPENDIX III
TABLE 1V

METHOD TITLES AND APPLICATIONS

TITLE OF METHOD

APPLICATION OF METHOD

YEPA DW

METHOD 502.1

METHOD 502.2

METHOD 503.1

METHOD 505

METHOD 508

METHOD 524.1

METHOD 524.2

"Volatile Halogenated Organic Compounds in Water by Purge
and Trap Gas Chromatography™

"Volatile Organic Compounds in Water by Purge and Trap
Capillary Column Gas Chromatography with Photoionization
and Electrolytic Conductivity Detectors in Series"

"Volatile Aromatic and Unsaturated Organic Compounds in

Water by Purge and Trap Gas Chromatography”

“Analysis of Organohalide Pesticides and Aroclors in Water
by Microextraction and Chromatography"

“Determination of Chlorinated Pesticides in Water by Gas
Chromatography with an Electron Capture Detector”

"Measurement of Purgeable Organic Compounds in Water by
Packed Column Gas Chromatography-Mass Spectrometry”

"Measurement of Purgeable Organic Compounds in Water by
Capillary Column Gas Chromatography-Mass Spectrometry”

4EPA DW

SYSTEMS LABORATORY/CINN, EPA 600/4-88/039

This method is for the analysis of 40 halogenated volatile organic
compounds. Sample matrices compatible with this method include
drinking water, source water and water being treated for potability.

This method is for the analysis of 60 volatile organic compounds. Sample
matrices compatible with this method include drinking water, source water
and water being treated for potability.

This method is for the analysis of 28 aromatic and unsaturated organic
compounds. Sample matrices compatible with this method include
drinking water, source water and water being treated for potability.

This method is for the analysis of 25 organohalide pesticides and
Aroclors. Sample matrices compatible with this method include drinking
water, source water and water being treated for potability.

This method is for the analysis of 34 chlorinated pesticides and Aroclors.
Sample matrices compatible with this method include groundwater and
drinking water,

This method is for analysis of 48 volatile compounds. Sample matrices

compatible with this method include drinking water, source water and
water being treated for potability.

This method is for the analysis of 60 volatile organic compounds. Sample
matrices compatible with this method include drinking water, source water
and water being tested for potability,

METHODS FOR THE DETERMINATION OF ORGANIC COMPOUNDS IN DRINKING WATER, 12/88, ENVIRONMENTAL MONITORING
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APPENDIX III
TABLE IV

METHOD TITLES AND APFLICATIONS

TITLE OF METHOD

APPLICATION OF METHOD

EPA DW

METHOD 525

SMCAWW

METHOD 200.7
METHOD 206.2

METHOD 206.3

METHOD 206.4

METHOD 206.5

METHOD 210.1

“Determination of Organic Compounds in Drinking Water by
Liquid-Solid Extraction and Capillary Column Gas
Chromatography-Mass Spectrometry”

“Inductively Coupled Plasma-Atomic Emission Spectrometric
Method for Trace Element Analysis of Water and Wastes”

“ Arsenic (Atomic Absorption, Furnace Technique)”

" Arsenic (Atomic Absorption-Gaseous Hydride)*

" Arsenic (Spectrophotometric-SDDC)"

* Arsenic (Sample Digestion prior to Total Arsenic Analysis
by Silver Diethyldithiocarbamate or Hydride Procedures)”

"Beryllium (Atomic Absorption, Direct Aspiration)”

This method is for the analysis of 35 organic compounds. Sample
matrices compatible with this method include drinking water, source water
and water being treated for potability.

This method is for the analysis of 30 metals. Sample matrices compatible
with this method include drinking water, surface water and wastewater.

Sample matrices compatible with this method include drinking water,
surface water, saline water, waste, sludge and soil/sediment.

This method is for the analysis of inorganic arsenic. Sample matrices
compatible with this method include drinking water, fresh water and saline
water,

This method is for the analysis of inorganic arsenic. Sample matrices
compatible with this method include drinking water, surface water,
groundwater and wastes.

This method is a preparation procedure for the conversion of organic
arsenic to inorganic arsenic. Sample matrices compatible with this method
include drinking water, surface water and waste.

Sample matrices compatible with this method include drinking water,
surface water, groundwater, waste, sludge and soil/sediment.

> MCAWW METHOD FOR CHEMICAL ANALYSIS OF WATER AND WASTES, 3/83, ENVIRONMENTAL MONITORING SYSTEMS
LABORATORY/CINN, EPA 600/4-79/020
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' TABLE 1V
METHOD TITLES AND APPLICATIONS
METHOD REFERENCE TITLE OF METHOD APPLICATION OF METHOD
MCAWW
METHOD 210.2 "Beryllium (Atomic Absorption, Furnace Technique)* Sample matrices compatible with this method include drinking water,

METHOD 213.1
METHOD 213.2
METHOD 218.1
METHOD 218.2
METHOD 218.3
METHOD 218.4
METHOD 218.5
METHOD 239.1
METHOD 239.2

METHQD 245.1

“Cadmivm (Atomic Absorption, Direct Aspiration)"
"Cadmium (Atomic Absorption, Furnace Technique)”
‘Chromium (Atomic Absorption, Direct Aspiration);'
"Chromiwm (Atomic Absorption, Fumnace Technique)”
*Chromium (Atomic Absorption, Chelation- Extraction)”
"Chromium, Hexavalent (Atomic Absorption, Chelation-

Extraction)”

"Chromium, Dissolved Hexavalent (Atomic Absorption,
Furnace Technique)”

“Lead (Atomic Absorption, Direct Aspiration)”

"Lead (Atomic Absorption, Furnace Technique)"

"Mercury (Manual Cold Vapor Technique)"

surface water, groundwater, waste, shudge and soil/sediment.

Sample matrices compatible with this method include drinking water,
surface water, groundwater, waste, sludge and soil/sediment.

Sample matrices compatible with this method include drinking water,
surface water, groundwater, waste, sludge and soil/sediment.

Sample matrices compatible with this method include drinking water,
surface water, groundwater, waste, sludge and soil/sediment.

Sample matrices compatible with this method include drinking water,
surface water, groundwater, waste, sludge and soil/sediment.

Samplé matrices compatible with this method include drinking water,
surface water, groundwater and waste.

Sample matrices compatible with this method include drinking water,
surface water, groundwater and waste.

Sample matrices compatible with this method include drinking water,
surface water and certain filtered wastes.

Sample matrices compatible with this method include drinking water,
surface water, groundwater, waste, sludge and soil/sediment.

Sample matrices compatible with this method include drinking water,
surface water, groundwater, waste, sludge and soil/sediment,

Sample matrices compatible with this method include drinking water,
surface_ water and saline water.
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TABLE IV .
METHOD TITLES AND APPLICATIONS
METHOD REFERENCE TITLE OF METHOD APPLICATION OF METHOD
MCAWW
METHOD 245.2 “Mercury (Automated Cold Vapor Technique)®

METHOD 245.5

METHOD 335.1

METHOD 3335.2

6SMEWW

METHOD 3111B

METHOD 3111C

METHOD 3111D

METHOD 311iE

"Mercury in Sediment (Manual Cold Vapor Technique)

"Cyanide, Amendable to Chlorination”

*Cyanide, Total (Titrimetric, Spectrophotometric)”
"Direct Air-Acetylene Flame Method"
"Extraction/Air-Acetylene Flame Method®

"Direct Nitrous Oxide-Acetylene Flame Method"

“Bxtraction/Nitrous Oxide-Acetylene Flame Method™

Sample matrices compatible with this method include surface water, waste
water and effiuent. .

Sample matrices compatible with this method include bottom deposits,
shudge and soil/sediment.

This method is applicable to the determination of cyanide amenable to
chlorination in drinking, surface and saline waters and domestic and
industrial wastes. _ :

This method is applicable to the determination of cyanide in drinking,
surface and saline waters and domestic and industrial wastes.

This metbod is for the analysis of 27 metals. Sample matrices compatible
with this method include surface water, groundwater and drinking water.

This method is for the analysis of 10 metals at low concentrations.
Sample matrices compatible with this method include surface water,
groundwater and drinking water.

This method is for the analysis of 10 metals. Sample matrices compatible
with this method include groundwater, surface water and drinking water.

This method is for the analysis of aluminum and beryliium. Sampie
matrices compatible with this analysis inclede groundwater, surface water

and drinking water.

SSMEWW STANDARD METHODS FOR THE EXAMINATION OF WATER AND WASTEWATER, 17TH EDITION, 1989
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APPENDIX 111
TABLE IV

METHOD TITLES AND APPLICATIONS

TITLE OF METHOD

APPLICATION OF METHOD

SMEWW

METHOD 31128

METHOD 3113B

METHOD 3114B

METHOD 3120B

METHOD 3500AS C*

METHOD 3500BE D*

METHOD 3500CD D#*

METHOD 3500CR D*

"Cold Vapor Atomic Absorption Spectrometric Method"

"Electrothermal Atomic Absorption Spectrometric Method”

"Manual Hydride Generation/Atomic Absorption
Spectrometric Method"

"Inductively Coupled Plasma (ICP) Method"

"Silver Diethyldithiocarbamate Method™

" Aluminon Method”

"Dithizone Method"

"Colorimetric Method”

This method is for the analysis of mercury. Sample matrices compatible
with this method include groundwater, surface water and drinking water,

This method is for the analysis of 17 metals in microquantities. Sample
matrices compatible with this method include groundwater, surface water
and drinking water,

This method is for the analysis of arsenic and selenium, Sample matrices
compatible with this method include groundwater, surface water and
drinking water. '

This method is for the analysis of 27 metals. Sample matrices compatible
with this method include groundwater, surface water and drinking water.

This method is for the analysis of arsenic. Sample matrices compatible
with this method include groundwater, surface water and drinking water.

This method is for the analysis of beryllium, Sample matrices compatible
with this methed include groundwater, surface water and drinking water.

This method is for the analysis of cadmium, Sample matrices compatible.
with this method include groundwater, surface water and drinking water.

This method is for the analysis of chromium, Sample matrices compatible
with this method include groundwater, surface water and drinking water.

* _ The first two letters after the number represent the element name and the third letter is the method code.
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TABLE IV

METHOD TITLES AND APPLICATIONS

METHOD 6210B

METHOD 6210D

METHOD 6220B

METHOD 6220C

Spectrometric Analysis”

“Purge and Trap Packed-Column Gas Chromatographic-Mass
Spectrometric Method 1"

“Purge and Trap Capillary-Column Gas Chromatographic-
Mass Spectrometric Method”

"Purge and Trap Gas Chromatographic Method I

"Purge and Trap Gas Chromatographic Method 11"

METHOD REFERENCE TITLE OF METHOD APPLICATION OF METHOD

SMEWW

METHOD 3500HG C*  "Dithizone Method” This method is for the analysis of mercury. Sample matrices compatible
with this method inchude groundwater, surface water and drinking water.

" METHOD 3500PB D* *Dithizone Method” ‘This method is for the analysis of lead. Sample matrices compatiblé with

this method include groundwater, surface water and drinking water.

METHOD 4500 CN *Cyanide” This method is used for the analysis for cyanide in aqueons and solid
matrices. It includes tota} cyanide, cyanide amenable to chlorination, and
weak and dissociable cyanides,

METHOD 60408 "Closed-Loop Stripping, Gas Chmﬁlatographic-Mass This method is for the analysis of volatile organic compounds of

intermediate weight. Sample matrices compatible with this method
include groundwater, surface water and drinking water.

This method is for the analysis of 31 volatile organic compounds. Sample
matrices compatible with this method include groundwater, surface water
and drinking water.

This method is for fhe analysis of 62 purgeable organic compounds,
Sample matrices compatible with this method include drinking water, raw
source water and water being treated for potability.

This method is for the analysis of seven aromatic volatile compounds.
Sample matrices compatible with this method include groundwater,
surface water and drinking water.

This method is for the analysis of 28 purgeable aromatic and unsaturated
compounds. Sample matrices compatible with this method include
drinking water, raw source water, and water being treated for potability.

* The first two letters after the mumber represent the element name and the third letter is the method code.
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APPENDIX IIl
TABLE IV

METHOD TITLES AND APPLICATIONS

TITLE OF METHOD

APPLICATION OF METHOD

SMEWW

METHOD 6230B

METHOD 6230C

METHOD 6230D

METHOD 6410B

METHOD 64408

METHOD 66308

METHOD 6630C

8sws4s

METHOD 6010

"Purge and Trap Packed Column Gas Chromatographic
Method 1"

"Purge and Trap Packed Column Gas Chromatographic
Method 11"

"Purge and Trap Capillary-Colamn Gas Chromatographic
Method*

"Liquid-Liquid Extraction Gas Chromatographic-Mass
Spectrometric Method”

"Liquid-Liquid Extraction Chromatographic Method"

“Liquid-Liquid Extraction Gas Chromatographic Method [*

"Liquid-Liquid Extraction Gas Chromatographic Method I1*

"Inductively Coupled Plasma Atomic Emission Spectroscopy”

This method is for the analysis of 29 purgeable halocarbons. Sample
matrices compatible with this method include municipal and industrial
discharges.

This method is for the analysis of 39 purgeable halocarbons. Sample
matrices compatible with this method include drinking water, raw source
water and water being treated for potability.

This method is for the analysis of 60 purgeabie halocarbons. Sample
matrices compatible with this method include drinking water, raw source
water and water being treated for potability.

This method is for the analysis of 81 semivolatile organic compounds.
Sample matrices compatible with this method include groundwater,
surface water and drinking water.

This method is for the analysis of 16 polynuclear aromatic hydrocarbons.
Sample matrices compatible with this method include municipal and
industrial discharges.

This method is for the analysis of 18 organochlorine pesticides, Sample
matrices compatible with this method include agricultural discharges,

This method is for the analysis of 25 organochlorine pesticides. Sample
matrices compatible with this method include groundwater, surface water
and drinking water.

This method 1s for the analysis of 26 metals. Sample matrices compatible
with this method include groundwater, soils and wastes.

8swsas TEST METHODS FOR EVALUATING SOLID WASTE, THIRD EDITION, 11/86, OFFICE OF SOLID WASTE AND EMERGENCY RESPONSE.
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TABLE 1V
METHOD TITLES AND APPLICATIONS

METHOD REFERENCE TITLE OF METHOD APPLICATION OF METHOD

SW846

METHOD 7060 " Arsenic (Atomic Absorption, Furnace Technique)” Sample matrices compatible with this method include groundwater, soils,
extracts and wastes. :

METHOD 7061 " Arsenic (Atomic Absorption, Gaseous Hydride)” Sample matrices compatible with this method include groundwater, soils,
extracts and wastes.

METHOD 7090 *Beryllium (Atomic Absorption, Direct Aspiration)” Sample matrices compatible with this method include water and wastes.

METHOD 7091 *Beryllium (Atomic Absorption, Furnace Technique)” Sample matrices compatible with this method include water and wastes.

METHOD 7130 *Cadmium (Atomic Absorption, Direct Aspiration)” Sample matrices compatible with this method include water, waste and
sludge.

METHOD 7131 "Cadmium (Atomic Absorption, Furnace Technique)” Sample matrices compatible with this method include water, soil and
waste.

METHOD 7190 "Chromium (Atomic Absorption, Direct Aspiration}" Sample matricés compatible with this method inciude water, soil and

. . : waste.
METHOD 7191 "Chromium (Atomic Absorption, Funace Technique)" Sample matrices compaﬁble with this method include water, soil and
) waste, ' ' '

METHOD 7195 "Chromium, Hexavalent (Coprecipitation)" This method is for the analysis of dissolved hexavalent chromium in
extraction procedure (EP) toxicity extracts and groundwater,

METHOD 7196 *Chromium, Hexavalent {Colorimetric)" This method is for the analysis of dissolved hexavalent chromium in
extraction procedure (EP) toxicity characteristic extracts and groundwater.

METHOQOD 7197 "Chromium, Hexavalent {Chelation/Extraction)” This method is for the analysis of dissolved hexavalent chromium in

extraction procedure (EP) toxicity extracts and groundwater.
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APPENDIX I1]
TABLE IV

METHOD TITLES AND APPLICATIONS

TITLE OF METHOD

APPLICATION OF METHOD

SW846

METHOD 7198

METHOD 9010A

METHOD 5012

METHOD 7420

METHOD 7421

METHOD. 7470

METHOD 7471

METHOD 8010

METHOD 8020

"Chromium, Hexavalent (Differential Pulse Polarography)"

"Total and Amenable Cyanide"

"Total and Amenable Cyanide (Colorimetric, Automated
uvy”

"Lead (Atomic Absorption, Direct Aspiration)"

"Lead (Atomic Absorption, Furnace Technique)®

"Mercury in Liquid Waste (Manual Cold—Vapor-Tachnique)"
"Mercury in Solid or Semisolid Waste (Manual Cold-Vapor

Technique)”

"Halogenated Volatile Organics™

"Aromatic Volatile Organics"

This method is for the analysis of dissolved hexavalent chromium in
extraction procedure (EP) toxicity extracts, natural water and waste water.

This method is for the analysis of inorganic cyanide (total and amendable
to chlorination) in waste and leachate. The method detects inorganic
cyanides that are present as either soluble salts or complexes,

This method is for the analysis of inorganic cyanide (total and amendable
to chlorination) in waste and leachate. The method detects inorganic
cyanides that are present as either soluble salts or complexes.

Sample matrices compatible with this method include water, waste and
sludge.

- -Sample matrices compatible with this method include water, waste and

soils.

Sample matrices compatible with this method include grouﬁdwater,
aqueous waste and mobility procedure extracts.

This method is for the analysis of inorganic and organic mercury. Sample
matrices compatible with this method include soil, sludge and sediment.

This method is for the analysis of 34 halogenated volatile organic
compounds. Sample matrices compatible with this method include
soil/sludge, groundwater, liquid waste and water immiscible waste.

This method is for the analysis of seven aromatic volatile organic
compounds. Sample matrices compatible with this method include

- soil/sludge, groundwater, liquid waste and water immiscible waste.
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TABLE IV

METHOD TITLES AND APPLICATIONS

METHOD REFERENCE TITLE OF METHOD APPLICATION OF METHOD
SW846
METHOD 8060 "Phthalate Esters” This method is for the analysis of six phthalate esters. Sample matrices

METHOD 8080

METHOD 8100

METHOD 8240

METHOQD 8230

METHOD 8270

METHOD 8310

"Organochlorine Pesticides and PCBs"
“Polynuclear Aromatic Hydrocarbons”

"Gas Chromatography-Mass Spectrometry for Volatile
Organics Packed Column Technique"

"Gas Chromatography-Mass Spectrometry for Semivolatile
Organics: Packed Column Technique”

"Gas Chromatography-Mass Spectrometry for Semivolatile
Organics: Capillary Column Technique”

*Polynuclear Aromatic Hydrocarbons"

compatible with this method include water, soil, sludge and water
immiscible waste.

This method is for the anatysis of 26 organochlorine pesticides and
Aroclors. Sample matrices compatible with this method include water,
soil, sludge and water immiscible waste.

This method is for the analysis of 24 polynuclear aromatic hydrocarbons.
Sample matrices compatible with this method include groundwater,
surface water, drinking water and soil/sediment.

This method is for the analysis of 73 volatile organic compounds. Sample
matrices include groundwater, caustic or acid liquors, and soil/sediment.

This method is for the analysis of 113 semivolatile organic compounds.
Sample matrices compatible with this method include solid waste, soil and
groundwater.

This method is for the analysis of 131 semivolatile compounds. Sample

matrices compatible with this method include groundwater, waste and soil,

This method is for the analysis of 16 polynuclear aromatic hydrocarbons.
Sample matrices compatible with this method include waters, soil, waste
and sludge.
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Table V- A

SUMMARY OF ROUTINE METHODS BY PROGRAM AND COMPOUND CLASS

ORGANIC COMPOUNDS

Drinking Water (USEPA, Office of Water)

Q iy a

Acrolein and Acrylonitrle

Base/Neutrals, Acids and
Pesticides

Benzidines

Carbamates and Urea
Peasticides

Chlorinated Acids

Chlerinated Hydrocarbons
Chlorinated Pesticides
1,2-Ribromoethane and
1,2-Dibromo-3-Chloropropans
Dithiocarbamate Pesficides

Extractable Organics

Haloethers
Nitroaromatics and |sophorone

Nitrogen and Phosphorous
Containing Pesticide

Nitrosaminas

N-Methylcarbamates and
N-Methylcarbamoyloximes

Crganohalide Pesticidas and
PCBs

Organophosphate Pesticides
Crganophosphate Pesticides

Perchlorination Screening of
PCBs

Pesficide and PCBs

Pesticides and PCBs
Crganochlorine

Phenols
Phthalate Esters

Purgeable Aromatics

EPA

603

625"

605

632

515.1

612

508

504

630
sa8*

611
609

S07

607

. B3

617

614
622

508A

506"

608"

. 604
608

802"

Analytical System
GC-FID
GC-MS

HPLC/Electrochem
HPLCAV

ECD

Capillary Column
GC-ECD -

ECD
Capillary Column

GC-ECD

Colorimetric

GC-M3
Capillary Column

GC-ELCD
GC-FID + ECD

NPD
Capillary Column

GC-NPD

HPLC

Fluorascance Datector

GC-ECD

GC-FPD or NPD
GC-FPD

ECD/ELCD Packed or
Capillary Column

GC-ECD .
Capillary Column

GC-ECD

GC-FiD
GC-ECD
GC-PID

Sample

Introduction/
Ereparation

P&T

XTN

XTN
XTN

XTN

CS, Liberation
XTN

XTN
XTN
XTN

XTN
DI

XTN

XTN

XTN

XTN

XTN

XTN
P&T

Datection Limit/
0.508

0.09-44.0

0.08-0.13

0.003-1141
EDL, 0110

0.03-1.34

EDL, 0.01-0.5 (most
<0.1}

0.01

1.9-15.3

0.1-1.0

0339
Q.01-16.7

EDL (Estimated D.L.)
0.1-5.0 {most <1.0)

0.15-0.81

0540
0.002-0.17¢

0.012-0.018

0.1-5.0

0.1-0.3

Vartiable

Peslicide 0.005-1.0
Hericide 0.2-7.0
PCBs 0.10.5

0.002-0.24

0.14-16.0
0.29-3.0

0.2-0.4

* Frequently requested method.

228
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Table V-A

SUMMARY OF ROUTINE METHODS BY PROGRAM AND COMPOUND CLASS
ORGANIC COMPOUNDS (continued)

Industrial and Municipal Waste Water (USEPA, Office of Research and Development)

Detection Limit/

0.02-1.81
0.1-1.0
0.02-0.2

1.6-7.2
0.002-0.03

0.001-0.01
0.01-0.10

0.002

0.03-0.07

Detection

Range {ppb)

most 20-100 ppb
(dependent on
% solids)

10-100 paris per
quadrillion in water
1-10 parts per trillion
in soll

Sample
EPA Introduction/
Compound Class Method No,  Analvtical System Preparation.  Bange (ppb)
Purgeable Halocarbons 601* GC-ELCD P&T
Purgeable Organics 5241 GC-MS P&T
Capillary Column
Purgeable Organics 524.2* GC-MS P&T
Capillary Column
Purgeables 624" GGC-MS P&T
Volatile Aromatics and 503.1 GC-PID P&T
Unsaturated Compounds
Volatile Halocarbons 502.1 GC-ECD P&T
Packed Column
Volatile Halocarbons 502.2* GC-ELCD/PID P&T
Capillary Column
2.3,7 8-Tetrachlorodibenzo-p 613 GC-MS XTN
dioxin
Triazine Pesticides 619 GC-NPD XIN
Aqueous and Solid Matrices (USEPA, Office of Water)
' Sample
EPA Introduction/
Compound Class Methed No,  Analytical System Preparation
Semivolatile Organics 1625 Isotope Dilution by XTN
GC-MS (Capillary
Column)
Tetra- through octa- 1613 Isotope Dilution by XTN
chlorinated dioxins high resolution
and furans GC-high resolution MS
Volatile Organics 1624 Isotope Dilution by P&T

GC-MS (Capillary
Column}

' 5-100 ppb

(dependent
on % solids)

* Frequently requested method.
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Table V- A

SUMMARY OF ROUTINE METHODS BY PROGRAM AND COMPOUND CLASS
ORGANIC COMPOUNDS {continued)

Solid Matrices (USEPA, Test Methods for Evaluating Solid
Waste, SW846, November, 1986.)

Compo la

Acrolein, Acrylonitrite,
Acetonitrile

Aromatic Volatila Organics

Chtorinated Herbicides
Chiorinated Hydrocarbons

Nitrcaromatics and Cyclic
Ketones

Organophosphorus Pesticides

Organachlorine Pesticides and
PCBs

Phenols

" Phihalate Esters

Polynuclear Aromatic
Hydrocarbons

Polynuclear Aromatic
Hydrocarbons

Purgeable Halogenated Volatile
Organics

Purgeable Non-Halogenated
Vclatile Organics

Semivolatile Organics

Volatile Organics

EPA

Method No.  Analylical System

8030

8020*
8150

8120

8090

8140

8080

8040
8060

8100

8310

8010

8015

8270*

a240*

GC-FID

GC-FID
GC-ECD or ELCD
GC-ECD

GC-FID or ECD

GC-FPD or NPD

GC-ECD

GC-FiD
GC-ECD

GC-FID

'HPLC/UV and Fluor

GC-ELCD
GC-FID

GC-MS
Capillary Column

GC-MS -

Sample
Intreduction/
Preparaticn

5030

5030

3550
3560

3550

3550

3550

3550
3550

3580

35650

5030

5030

3550

5030

Detection Limit/

Bange (ppb)

0.5-0.8

0.2-0.4
0.1-200
0.03-1.3

0.06-5.0

0.1-5.0

70-1000

0.14-16
0.29-31

Not Reported

0.013-2.3

0.03-0.52"
Not Reported

Not Repotited

1.6-7.2

* Frequently requested method.
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SUMMARY OF ROUTINE METHODS BY PROGRAM AND COMPOUND CLASS

APPENDIX IIi
TABLE V-B

INORGANIC ANALYTES

Analyte

Total/Dissolved Metals
TotalkDissolved Metals
Total/Dissolved Metals

Aluminum
Antimony
Antimony
Antimony
Barium
Barium
Beryilium
Bertyllium
Boron
Calcium

Calcium
Cobait

Cobalt
Copper
Copper
Cyanide

Cyanide

Cyanide

Cyanide,
Amenable to
Chiorination,
without
distiflation

Cyanide

Gold

Gold

lron
tron

EPA _
MethodNo,  Analvtical System

1620 - ICP
6010 ICP
7000 - AA
7020 AA
204.2 CLP GFAA
7040 "AA
7041 : GFAA
7080 AA
7081 GFAA
7090 AA
7091 GFAA
2123 Spectrophotometric
215.2 Titrimelric
7140 AA
7200 AA
7201 GFAA
7210 AA
7211 GFAA
336.2 Total, (Titrimetric,
Spectrophotometric)
335.2 Midi (Distillation,
“Total, Colorimeitric,
_ Automated UV)
3556.1 Amenable to
Chlorination
(Titrimetric,
Specirophotometric)
4500-CN-H Spectrophotometric
Standard Method
for the Examin-
ation of Water
and Wastewater
;gggs Total, Spec-
trophoto-
metric
231.1 AA
231.2 GFAA
7380 AA

7381 GFAA

Sample

Detaction Limit

Preparation @ Bange {ppb}

3005,3010
3005,3010
3005,3010
?005,3010

3005,3010
3005,3010,3020
3006,3010

Nitric acid, reflux
3005,3010

3020
Hydrochloric acid

3005,3010
3005-3010

3020

3005,3010
Nitric acid, reflux

LAl

il

Ll 2

pH> 12

-rd

Nitric acid, Aqua
Regia

Nitric acid, Aqua
Regia

3005,3010
Nitric acid, reflux

1,000
4300-5700

70
20

50-200
1.0-30
200
100,000

4800-5200
3400-4600

3700-4300
1.0

10

5.0

10

20

10

100

1.0

4400-5600
1.0
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APPENDIX Il
TABLE V-B
SUMMARY CGF ROUTINE METHODS BY PROGRAM AND COMPOUND CLASS

INORGANIC ANALYTES
{continued)
EPA Sample Detection Limit/

Analyte Method No. Analvical Sysiem . Bange (ppb)
Iridium 235.1 AA Nitric acid, Aqua 3000

Regia
Iridium 235.2 GFAA Nitric acid, Aqua 30

Regia
Magnesium 7450 AA 3005,3010 970-1030
Manganese 7460 AA 3005,3010 10
Manganese 7461 GFAA Nitric acid, refiux 0.2
Molybdenum 246.1 AA - 100
Molybdenum 246.2 GFAA > 1.0
Molybdenum 7480 AA 3005,3010 10,000
Molybdenum 7481 GFAA 3020 -
Nickel 7520 AA 3005,3010 4900-5100
Osmium 2521 AA Nitric,sulfuric 300

acids
Osmium 2522 GFAA Nitric acid 20
Osmium 7550 AA 3005,3010 -
Palladium 253.1 AA Nitric acid 100
Palladium 253.2 GFAA Nitric acid 5.0
Platinum 255.1 AA hd 1000
Platinum 255.2 GFAA > 20
Potassium 7610 AA 3005,3010 1000-2200
Rhenium 2641 AA Nitric acid 5000
Rhenium 264.2 GFAA Nitric acid . 200
Rhodium 2651 AA Nitric acid 50

Regia
Rhodium 265.2 GFAA Nitric acid 5.0
Rulhenium 267.1 AA Hydrochloric acid 200
Ruthenium 267.2 GFAA Hydrochloric acid 20
Selenium 270.3 AA-Hydride h -
Selenium 7740 GFAA 3020 3.0-5.0
Selenium 7741 AA Hydride 3005,3010 50
S!Iver 7760 AA 3005,3010 1200-2800
Silver 7761 GFAA Nitric acid, reflux 0.2
Sodium 7770 AA 3005,3010 4800-5200
Thallium 7840 AA 3005, 3010 .
Thallium 7841 GFAA 3020 1.0-10
Tin 2821 AA ” 800
Til’\ ] 282.2 GFAA il 5.0
Titanium 2831 AA ** 400
zrtam{t’z_m ;g?oz GFAA - 10

anadium AA 3005,3010 .

Vanadium 7911 GFAA 2020 33400 50600
Zinc 7950 AA 3005,3010 5.0
Zinc 7951 GFAA Nitric acid, reflux 0.05
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APPENDIX Il
- TABLE VB
SUMMARY OF ROUTINE METHODS BY PROGRAM AND COMPOUND CLASS
INORGANIC ANALYTES
{continue)

Sample Preparation Methods

3005

3010

3020

L

Ll

Acid Digestion of Waters for Total Recoverable Dissolved Metals for Analysis by Flame Atomic Absorpnon
Spectroscopy or Inductively Coupled Plasma Spectroscopy.

Acid Digestion of Aqueous Samples and Extracts for Total Metals for Analysis by Flame Atomic Absorption
Spectroscopy or inductively Coupled Plasma Spectroscopy.

Acid Digestion of Aqueous Samples and Extracts for Total Metals for Analys:s by Fumace Atomic
Absorption Spectroscopy.

CLP preparation methods are categorized by watérfsoil, ICP, AA, and GFAA instrumentation.

CLP methods are based on the 200 series Methods for Chemical Analysis of Water and Wasles. U.S.
Environrnental Monitoring Systems Laboratory. Cincinnati, Ohio. March, 1983. .

Water sample preparation for GFAA uses nitric acid, hydrogen peroxide and mild heat. SOW 788, D-5.
Water sample preparation for ICP and AA uses nitric acid, hydrochloric acid and milkd heat. SOW 788, D-5.
Soil sample preparation for ICP, AA, GFAA uses nitric acid, hydrogen peroxide and mild heat.

Hydrochloric acid is used as the final reflux acid for several analytes. SOW 788, D-5,86.

Nitric and hydrochloric acids are used for digestion.

Total cyanide is determined by a reflux-distillation procedure using a sodium hydroxide scrubber.

Cyanide amenable to chlorination is chlorinated at pH greater than 11.
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APPENDIX IV
CALCULATION FORMULAS FOR STATISTICAL EVALUATION

Appendix IV provides calculation formulas 1o enable responsible risk assessment personnel to determine the
minimum number of samples necessary to meet statistical performance objectives. This appendix also provides
statistical guidelines on the probability that a given sampling plan will identify a hot spot, and the probability that no
hot spot exists given none was found afier sampling.

Calculation Formulas to Determine the Number of
Samples Required Given Coefficient of Variation and
Statistical Performance Objectives

The minimum number of samples, n, required to achieve a specified precision and confidence level at a
defined minimum detectable relative diflerence may be estimated by the following equation:

for one-sided, one-sample t-test nz[(Z, +Z)DF +052%

For one-sided, two-sample t-test n22{(Z, + Z)/OF + 052

where: Z_is a percentile of the standard normal distribution such that P(Z » Z',) = Z,, is similarly defined,
and D = MDRD/CV, where MDRD is the minimum detectable relative difference and CV is the coefficient of
variation. NOTE: Data must be transformed (2 ), for example:

Confidence Level Power

10 « Z - P z,

080 020 0.842 0680 200 0842
085 0.15 1.039 085 0.15 1039
090 010 1.282 090 0.10 1.282
0985 005 1645 095 005 1645
099 001 2326 : 099 001 2326

As an example of applying the equation above, assume CV = 30%, Confidence Level = 80%, Power = 85%,
and Minimum Detectable Relative Difference = 20%. For infinite degrees of freedom {t distribution becomes a
normal one), Z_=0.842 and Z, = 1.645, From the data assumed, D = 20% /30%. Therefore,

n = [{0.842 + 1.645)/(20/30)]F + 0.5 (0.842)2

Nn=>13.917 + 0.354 = 14.269

n = 15 samples required (round up)

Source: Adapted from EPA 1989c.
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APPENDIX IV
(continued)

Calculation Formulas For The
Statistical Evaluation Of The
Detection Of Hot Spots

Hot Spot Will Be Identified: Example # 1

These formulas are useful in evaluating the probability that a particular sampling pian will identify a hot spot,
Let R represent the radius of a hot spot and D be the distance between adjacent grid points where samples
will be collected. The probability that a grid point will fail on a hot spot |s easily obtained from a geometrical
argument since at least one grid peint must fall in any square of area D2 centered at the center of the hot
spot. From this concept, it follows that the probability of sampling a hot spot P(H/E) is given by:

P(H/E) = (rRATP | if R < D/2

(Flr - 2 arc cos (V@2R))] + (DAWNERZ DWD?  fD/2<R<D/NZ
=1 fR>2D/V2

where the angle D/(2R) is expressed in radian measure, H is the case that a hot spot is found, and E is the
_ case that a hot spot exists. :

An example is if the grid spacing is D =2R , then the probability of a hit is 7/4 = 0.785, which
implies that the probability that this grid spacing would not hit a hot spot if it exists is 0.215,

No Hot Spot Exists: Example # 2

This set of formulas addresses the probability that no hot spot exists (given that none were found). This

argument requires the use of a subjective probability, P(E) (where P(E) is the probabiiity that a hot spot

exists), based on historical and perhaps geophysical evidence. Then, if E is the case that there are no hot

spots at the study site and if H is the case that no hot spot is found in the sample, Bayes formuia gives:
P(E 1 H) = P(H | E) P(E)}/ [P(H | E) P(E) + P(H | E} P(E)]

=P(HIE) P(E)/ [P(H | E) P(E) +P(E)].

For the case where D = 2R, it was found from Example 1 that P(HIE} =0.215. Therefore, if one is given that
the chance P(E) of a hot spot is thought to be 0.25 prior to the investigation, the probability of a hot spot
existing if the study does not find one is:

P(E 1 no hit) = 0.215 (0.25) / [0.215 (0.25) + 0.75] = 0.067.

Hence, the probability that no hot spot exists is (1-0.067) = 0.933,

Source: Adapted from EPA 1988¢.
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Appendix IV {continued)
Number of Samples Required in a One-Sided One-Sample t-Test to Achieve a Mini-
mum Detectabie Relative Difference at Confidence Level (1-o) and Power of (1-)

Coefficient Confidence Minimum Detactable
of Variation Power . Level Relative Difference (%)
(%) (%) (%) 5 10 20 30 40
10 95 99 66 19 7 5 4
' 95 45. 13 5 3 3
30 36 10 3 2 2
o 80 26 7 2 2 1
90 99 55 16 6 5 4
95 36 10 4 3 2
90 T 28 8 3 2 2
80 19 5 2 1 1
80 99 43 3 6 q p)
95 27 8 3 3 2
90 19 3 2 2 2
. : 80, 12 4 2 1 1
15 95 99 145 39 12 7 3
95 99 26 8 5 3
90 78 EX 6 3 3
80 57 15 4 2 2
50 99 120 32 1 6 5
95 79 — 21 7 4 3
50 | 60 16 5 3 2
80 41 1 3 2 1
80 99 94 26 ] 3 5
95 58 6 5 3 3
50 42 11 4 2 2
80 26 7 2 2 1
{20 95 99 256 | 66 19 10 7
95 175 45 13 9 5
90 138 28 10 5 3
80 100 26 7 4 2
90 09 211 55 16 9 3
05 139 38 10 6 4
80 107 58 8 4 3
80 73 19 5 3 2
80 99 164 a3 13 8 6
95 101 27 8 5 3
90 73 19 6 3 2
80 — 46 12 4 2 2
Source: EPA 1989¢c 821-002-80, 1
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Appendix IV (continued)

Number of Samples Required in a One-Sided One-Sample t-Test to Achieve a Mini-
mum Detectable Reiative Difference at Confidence Level (1-c) and Power of (1-B)
{continued) '

Coefficient GConfidence Minimum Detectable Relative Difference
of Variation Power Lovel (%) .

(%) (%} (%) 5 10 20 30 40

25 95 a9 397 102 28 13 9

95 272 69 19 ) 6

a0 216 55 15 7 5

80 155 40 1 5 3

90 99 329 85 24 12 )

95 272 70 19 9 6

90 166 42 12 6 4

80 114 29 8 73 3

80 99 254 66 19 10 7

95 156 41 12 6 4

90 114 30 3

80 72 19 2

30 g5 99 571 145 39 19 12

95 391 99 26 13 8

90 310 78 21 10 6

80 223 57 15 7 4

80 99 472 120 32 16 11

a5 310 79 21 10 7

90 238 61 16 8 5

80 163 41 11 5 3

80 99 364 84 26 13 9

95 224 58 16 8 5

30 164 42 1 3 4

80 103 26 7 4 2

35 85 99 775 196 42 25 15

85 532 134 35 17 10

90 421 106 28 13 8

80 304 77 20 9 6

90 99 641 163 43 21 13

85 421 107 28 14 8

90 323 82 21 10 6

80 222 56 15 7 4

80 99 495 126 34 17 11

95 305 78 23 10 7

90 222 57 15 7 5

80 T40 38 10 5 3

B21-002-80.2

Source: EPA 1988C
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APPENDIX V

"J" DATA QUALIFIER SOURCE AND MEANING!

Appendix V lists the parameters and criteria that produce a "I" flag in accordance with the
National Functional Guidelines for Organic Data Review (EPA 1991¢) and Laboratory Data Validation
Functional Guidelines for Inorganics Analyses (EPA 1988e) as applied to data from the Contract
Laboratory Program. The appendix also indicates the likely implication of this flag on the associated

result(s).

The criteria listed in this guidance should be used to flag CLP data as "1," or “estimated
concentration” (the associated numerical value is an estimate of the amount actually present in the
sample). With proper interpretation, the results of analytes which are flagged *J" can often be used in

making decisions.

Data flagged with "UJ" indicates that the value is undetected and quantitation limit may be
imprecise. Data flagged with "NJ" indicates that the value is tentatively identified and confirmation is
needed in future sampling efforts.

PARAMETER

ANALYSIS: Organic (3/90) VOA & BNA

Holding times

Mass Calibration

Ion Abundance

Calibrations

-~ initial

-- continuing

Blanks

CRITERIA

14 < VOA < 30 days
7 < BNA < 22 days

Several data elements
in expanded window

Average RRF < .05
%RSD > 30%

RRF < .05

%D between initial
and continuing
calibration > 25%

If associated result is
between detection limit

and CRQL

ACTION

Associated samples
(+ results)

All associated data

Compound specific {+ resulis)
Compound specific (+ results)

Compound specific (+ results)

Compound specific (+ results)

Compound specific
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LIKELY
IMPLICATION?

Low

No generalization

Precision

Low

Precision

High



PARAMETER ' -

Surrogates

Internal standards

TICs

APPENDIX V (CONTINUED)

CRITERIA

If surrogate

recoveries are low but

> 10%

Any surrogate in a
fraction shows
< 10% recovery

If surrogate
recoveries are high

If an IS area count is
outside -50% or
+100% of the.
associated standard

None

ANALYSIS: Pesticides (2/88)

Holding Times

Instrument
Performance

7 < PEST < 22
days

DDT breakdown
> 20%

Endrin breakdown
>20%

ACTION

Fraction specific (+ results)
(negative results are flagged
wisample quantitation limit as -
estimated (UT))

Fraction specific (+ results)

Fraction specific (+ resuits)

Associated compounds
(+ results) (non-detects flagged
w/sample quantitation limit - UJ)

All TIC results - {NI)

Associated positive results
(negative resuits - UJ)

Associated positive DDT
results (J)
Results for DDD and/or
DDE (NJ)

Associated positive Endrin results
(7); Results for Endrin Ketone (J)
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LIKELY
IMPLICATION?

Low

High

- No generalization

No generalization

Low

Low



PARAMETER
Calibrations
-- initial

-~ continuing

Surrogates

Compound
Quantitation and
Detection Limits

APPENDIX V (CONTINUED)

RITERIA

If criteria for linearity
not met

If %D between
calibration factors
> 15% (20% for
compounds being
confirmed)

If low surrogate
recoveries obtained

Quantitation limits
affected by large, off-
scale peaks

ANALYSIS: Inorganic (3/90)

Holding Times/
Preservation

Calibrations

- ICV or CCV

-- ICS (for ICP)

Exceeded

Correlation coefficient

<0.995

Midrange CN-
standard net distilled

%R outside windows
but within the ranges

of 75-89% or 111-

125% (CN, 78-84%
or 116-130%; Hg,
65-79% or 121-
135%)

If ICS recovery >
120%

Associated positive results

Associated positive results

Assoctated results

Estimated quantitation limit (UJ)

Associated samples > IDL
[<IDL (UJ)]

Associated samples > IDL
[<IDL (UJ)]

Associated sampies

Associated samples > IDL

Associated samples > IDL
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LIKELY
IMPLICATION

No generalization

No generalization

Low

No generalization

Low

No generalization

Precision

Low/High

High



PARAMETER -

LCS (Aqueous)

LCS (Seolid)

Duplicate

Matrix Spike
Sample

AA Post
Digestion Spike

APPENDIX V (CONTINUED).

CRITERTA

If ICS recovery falls
between 50-79%

Interferents with
concentrations:
comparable to or
higher than analyte
levels

ICS Al, Ca, Fe, and
Mg interfering
elements > 2xCRDL
and 0% reported
concentration of the
affected element

Recovery within
range 50-79% or
> 120%

Recovery outside
control limits

Recovery lower than
control limits

Qutside control limits

Recovery > 125% or .

< 75%

Recovery within
range 30-74%

Duplicate injection
outside + 20%

RSD (or CV) and
sample not rerun once

ACTION

Associated samples. > IDL
[{<IDL {UDn)

Associated samples > IDL
[ <IDL (U]

Associated samples

Associated samples > IDL
[<IDL (UD)]

Associated samples > IDL
Associated samples [ < IDL (UJ)]
Associated samples of same

matrix > IDL

Associated samples > IDL

Associated samples [ <IDL (UI)]

Associated data > IDL
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LIKELY
IMPLICATION?
Low

High

High

Low/High

Low/High

Low

Precision

Low/High

Low

Precision



PARAMETER.

ICP Serial -
Dilution

APPENDIX V (CONTINUED)

RITERIA

Rerun sample does -
not agree within
+ 20% RSD (CV)

Post digestion spike
recovery < 40%
even after rerun

Post digestion spike
recovery > 113% or
< 85%

If sample absorbance
is < 50% of post
digestion spike
absorbance and if
furnace post digestion
spike recovery not
within 85 - 115%

“MSA not done

Any samples run by
MSA not spiked at
appropriate levels

MSA correlation
coefficient < 0.995

Criteria not met

ACTION

Associated data > IDL
Associated data > IDL
Associated data [ <IDL (UJ)}

Associated samples > IDL
[ <IDL (U}

Associated data > IDL

Associated data > IDL

" Associated data > IDL

Associated data > IDL
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LIKELY
IMPLICATION’

Precision

High/Low

Low/High

Precision

No generalization

No generalization

Precision



APPENDIX V (CONTINUED)

Selected Acronym Key

~ CRDL -

CRQL --
Cv --

ICS -

ICcv - -~

IDL -
IS --

PEST --

RSD -

TIC -

VOA -

Base/neutral/acid or semivolatile
Contract required detection limit (inorganics)
Contract required quantitation limit (org_anics)

Coefficient of variation

Interference check sample

Initial calibration verification
Instrument detection limit
Internal standard

Pesticide

Relative response factor

Relative standard deviation

| Tentatively identified compound

Volatile

Implication Key

Low: The associated result may underestimate the true value.

High: The associated result may overestimate the true value.

Precision: The associated result may be of poor precision (high variability).

No generalization: No generalization can be made as to the likely implication,
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-7 - APPENDIX VI

~ "R" DATA QUALIFIER SOURCE AND MEANING'

Appendix VI lists the parameters and criteria that produce an "R" flag in accordance with the
National Functional Guidelines for Organic Data Review (EPA 1991¢) and Laboratory Data Validation
Functional Guidelines for Inorganics Analyses (EPA 1988e) as applied to data from the Contract
Laboratory Program. The appendix also indicates the likely implication of this flag on the associated

result(s).

The criteria listed in this guidance should be used to flag CLP data as "R," or "unuseable.” If
the flagged analytes are of interest, then resampling or reanalysis is necessary.

PARAMETER

CRITERIA

ANALYSIS: Organic (3/90) VOA & BNA

Holding times

Mass Calibration

Ion Abundance

Calibrations

Blanks

Surrogates

Internal Standards

TICs

Grossly exceeded

In error

Qutside expanded
windows

Mean RRT or

" RRF < 0.05 °

~Gross contamination

(saturated peaks)

< 10% Recovery

- Extremely low area”

counts; Major abrupt

““drop off -

* Suspected artifacts -

ACTION

Professional judgrnent
(non-detects)

Associated samples

Associated sampies

Compound specific
(non-detects)

Compound specific
(associated samples)

Entire fraction

. (negative results)

‘Associated compounds
(non-detects)

Professional judgment
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LIKELY

- IMPLICATIONS®

Low

Unuseable

Unuseable

Unuseable



PARAMETER

APPENDIX VI (CONTINUED)

CRITERIA

ANALYSIS: Pesticides (2/88)

Holding Times

Instrument
Performance

- DDT

Retention
Time

-- RT

- DDT/Endrin
Degradation

- Retention
Time Check

Surrogates

Compound
- Quantitation and
Detection Limits

Grossly exceeded

“Inadequate separation

Peaks of concern
outside windows

Not detected and
breakdown
concentrations
positive

DBC > 2.0%
(packed)

> 0.3% (narrow-
bore)

> 1.5% (wide-bore)

Not present

Large off-scale peaks

ACTION

Professional judgment
(non-detects)

Affected compounds

Professional judgment
(positive results and
quantitation limits)

Samples following last
in-control standard

(quantitation limit - DDT

and Endrin)

Professional judgment

Suggested (negative
results)

Quantitation limits

LIKELY
IMPLI

Unuseable

Unuseable

Low

Unuseable

Low

Unuseable



PARAMETER

APPENDIX VI (CONTINUED)

CRITERIA

ANALYSIS: Inorganic (3/90)

Holding Times

_ Calibrations

- ICV or CCV

ICS (for ICP)

LCS (Aqueous)

Matrix Spike Sample

AA Post Digestion
Spike

Grossly exceeded

Minimum number of
standards not used;
Not calibrated daily

“or each time

instrument set up

%R outside of 75-
125% (CN, 70-130;
Hg, 65- 135%)

Al, Ca, Feor Mg in
samples < ICS and
ICS <50%

Results -- 2xIDL for
elements which are
not present in the
EPA-provided
solution and levels of
Al, Ca, Fe or Mg >
50% of levels found
in ICS, and estimated
interferences due to
Al, Ca, Fe or Mg

> 90%

Recovery < 50%

Recovery < 30%

Recovery < 10%

Professional judgment
(Results < IDL)

-Professional judgment
(associated samples)

Associated samples

Affected analytes

Affected analytes

Affected analytes

Affected samples (results
< IDL)

Affected samples (results
< IDL) .
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High

High

Low



APPENDIX VI (CONTINUED)

1 Selected Acronym Key

AA - Atomic absorption

BNA -- Basefneutrailacid or semivo.latilé KR
CCV --  Continuing ca!ibratidn vefiﬁcatiﬁn _
DBC - _Dibutyl chlorendate

ICP - Inductively coupled plasma

ICS -- Interference check sample

ICV —  Initial calibration verification

iDL -~ Instrument detection limit :

LCS -  Laboratory control sample

RRF --  Relative response factor

RT - Retention time

TIC - Tentatively identified compound

VOA -~ Volatile

Implication Key

Low: The associated result may underestimate the true value.

High: The associated result may overestimate the true value.

Precision: The associated result may be of poor precision (high_\__fariability).
No generalization: No generalization can be rhgde_as to the likely implication.

Unuseable: Data are probably unuseable without res'ﬁmpling' and reanalysis.
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SUMMARY OF COMMON LAB

- APPENDIX VII

ORATORY CONTAMINANTS, CONCENTRATION

REQUIREMENTS, AND RISK ASSESSMENT IMPLICATIONS

Appendix VII lists common organic laboratory contaminants that may appear in blanks.
The purpose of this appendix is to inform the reader of chemicals that may appear in analyses
but may not be present at the site. Analytes with values above instrument detection limits are
reported by laboratories, Some sample concentrations may not be reported through the review
process, as explained below, but if they are reported, possibilities of false positives exist. The
implications for risk assessment are included. ' '

Common Laboratory
Contaminants

Concentration Requirements .

Risk Assessment
Implications

Target Compound

Methylene Chloride

Acetone

"Toluene

Sample concentrations less than
10x that detected in method
blanks will be reported as
undetected (or flagged B).

Sample concentrations less than
10x that detected in method
blanks will be reported as
undetected (or flagged B).

Sample concentrations less than
10x that detected in method
blanks will be reported as

undetected (or flagged B).
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- Include analyte if

concentration is greater
than 10x blank.

Include analyte if

" concentration is less than

10x greater than blank
concentration and multiple
chlorinated volatile analytes
are detected. o
Exclude analyte in all other

.situations.

Include analyte if
concentration is greater
than 10x blank.

Include analyte if
concentration is less than
10x greater than blank
concentration and multiple
ketones are detected,

Exclude analyte in all other
situations.

Inciude analyte if
concentration is greater
than 10x blank.

Include analyte if
concentration is less than -
10x blank concentration
and multiple aromatic or
fuel hydrocarbons are
detected.

Exclude analyte in all other
situations,




APPENDIX VII (CONTINUED)

Common Laboratory
‘Contaminants

Concentration Requirements

Risk Assessment
Implications

2-Butanone (methyl
ethylketone)

Phthalates (i.e., dimethyl -

phthalate, diethyl
phthalate, di-n-butyl
phthalate, butylbenzyl
phthalate, bis(2-.
ethylhexyl) phthaiate, di-
n-octyl phthalate)

Tentatively Identified
Compounds

Carbon dioxide

Diethyl ether

Hexanes

Sample concentrations less than

10x that detected in method
blanks will be reported as

- undetected (or flagged B).

Sample concentrations less than
10x that detected in method
blanks will be reported as
undetected (or flagged B).

Not feported if present in the
method blank.

Not reported if present in the
method blank.

Not reported if preseant in the
method blank.
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Include analyte if
concentration is greater
than 10x blank,

Include analyte if
concentration is less than
10x blank concentration
and multiple ketones are
detected.

Include analyte if
concentration is greater
than 10x blank.

Exclude analyte in all other
situations,

Exclude analyte in all
situations,

Inciude analyte if .
concentration is greater
than 10x blank.

Exclude analyte in all other
situations,

Exclude if analyte
concentration is not F0x
method blank.

Exclude if analyte
concentration is not 10x
field blank (EPA
definition).

Exchude if sample is not
analyzed within seven days.




APPENDIX VII (CONTINUED)

Common Laboratory
Contaminants

Concentration Requirements

Risk Assessm’ént' '
Implications

Freons (e.g., 1,1,2- -
trichloro-1,2,2-
trifluoroethane, fluorotri-
chloromethane)

Solvent preservative
artifacts {(e.g.,
cyclohexanone,
cyclohexenone,
cyclohexanol,
cyclohexenol,
chlorocyclohexene,
chlorocyclohexanol)

Aldol reaction products of
acetone (e.g., 4-hydroxy-
4-methyl-2-pentanone, 4-
methyl-penten-2-one,
5,5-dimethyl-2(5H)-
furanone)

Not reported if present in the
method biank.

Not reported if present in the
method blank.

Not reported if present in the
method blank.
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o Exclude if analyte _
concentration is not 10x
method blank.

o Exclude if analyte
concentration is not 10x
field blank (EPA
definition).

o Exclude if sample is not
analyzed within seven days.

o Exclude if artifact

concentration is not LOx
method blank.

o Exclude if artifact
concentration is not 10x
field blank (EPA
definition).

o Exclude if sample is not
analyzed within seven days.

o Include analyté if
concentration is greater
than 10x blank.

o Include analyte if
concentration is less than
10x greater than blank
concentration and multiple
ketones are detected.

o Exclude analyte in all other
situations.
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APPENDIX VIII
CLP METHODS SHORT SHEETS

TITLE: USEPA CONTRACT LABORATORY PROGRAM -
STATEMENT OF WORK FOR ORGANIC ANALYSIS
MULTI-MEDIA, MULTI CONCENTRATION

— — —
s —

DOCUMENT NUMBER: | OLM01.0

DOCUMENT DATE: | Not Applicable

EFFECTIVE DATES: | September 28, 1990 through February 1994

CONCENTRATION: | Low to Medium

DATA TURNAROUND: | 14 Days or 35 Days -

MATRICES: | Aqueous/Soil/Sediment*

ham— — — ———
rr———— —— s — —

SIGNIFICANT FEATURES

»  The compounds include volatiles, semivolatiles, and pesticide/PCBs.

+  Volatiles and scmivolatiles are analyzed by GC/MS; pesticides/PCBs are analyzed by GC/ECD.

»  Major Tentatively Identified Compounds (TICs) are reported for GC/MS analyses.

«  Second column confirmation by GC/ECD is required for all pesticides/PCBs. Pesticides/PCBs which
are identified by GC/ECD at concentrations above 10 ng/ul. are confirmed by GC/MS analysis.

REVISIONS/MODIFICATIONS
The following is a list of the significant changes from the 2/88 SOW that are incorporated in the
OLMO01.0 SOW:

»  Selected volatile CRQLs have been raised; pesticide/PCB low soil CRQLs have been lowered; and
selected pesticide/PCB agueous CRQLs have been changed.

+  Target Compound List (TCL) changes include the elimination of vinyl acetate from the volatile TCL,
the elimination of benzyl alcohol and benzoic acid from the semivolatile TCL, the addition of
carbazole to the semivolatite TCL., and the addition of endrin aldehyde to the pesticide TCL. The
semivolatile TCL: compound bis(2-chloroisopropyl)ether was renamed 2,2’ oxybis(1-chloropropane).

« A new method for analysis of pesticides/PCBs is used. Changes include the use of wide bore capillary
columns, new surtogates, and new calibration techniques.

« Pesticide/PCB quantitation is performed using both the primary and secondary columns, The lower
value is reported by the laboratory.

The only significant change in the OLMO01.1 (December, 1990) and OLMO01.1.1 (February, 1991)
revisions to the OLMO1.1 through OT.M01.0 SOW was the lowering of selected semivolatile CRQLs. The
significant changes in the OLMO01.1 through OLMO1.7 revisions to the OLM01.0 SOW were the lowering
of selected semivolatile CRQLs and options for ¢ither a 14 day or 35 day data turnaround.

RECOMMENDED USES

This Routine Analytical Services (RAS) method is recommendeq for broad spectrum analysis (o
define the nature and extent of potential site contamination during SSI, ST, and RI/FS activitics, This
method is suitable when a 14 day or 35 day turnaround for resuits is adequate. 1t is recommended for
samples from known or suspected hazardous waste sites where potential contamination may be present at
significant risk levels.

# Sediment samples with mgh moisture content should be solicited as RAS + SAS (Special
Analytical Service) in order to achieve the CRQLs.

COMPOUNDS AND CRQLs
The Target Compound List compounds included in the analysis and their Contract Required
Quantitation Limits (CRQLSs) are listed in Attachment 1.
253



TITLE: USEPA CONTRACT LABORATCRY PROGRAM
STATEMENT OF WORK FOR ORGANIC ANALYSIS
MULTI-MEDIA, HIGH CONCENTRATION '

DOCUMENT NUMBER: | Not Applicable

DOCUMENT DATE: | September 1988

EFFECTIVE DATES: | June 7, 1989 through December 26, 1991

CONCENTRATION: | High: Greater than 20 ppm

DATA TURNAROUNED: | 35 Days

MATRICES: | Liguid/Solid/Multi-phase

SIGNIFICANT FEATURES
* No holding times are designated for high concentration samples.

*  The analyses are suitable for highly contaminated samples (>20 mg/Kg).

*  The analyses arc acceptable for liquid, solid, or multi-phase samples. Multi-phase samples are
separated into water miscible liquid, water immiscible liquid, or solid phases. Each phase is analyzed
separately.

*  Volatile, extractable (semivolatiles and pesticides), and multicomponent extractable (Aroclors and
Toxaphene) compounds are included.

*+  Volatiles and extractables are analyzed by GC/MS; Aroclors and Toxaphene are analyzed by GC/ECD.
+  Second column confirmation by GC/ECD is required for Aroclors and Toxaphene,
*  Major Tentatively Identified Compounds (TICs) are reported for GC/MS analyses.

REVISIONS/MODIFICATIONS
The 1/89 and 4/89 revisions to the 9/88 SOW do not significantly affect data useability.

RECOMMENDED USES

This Routirie Analytical Services (RAS) method is recommended for pre-remedial, remedial, or
removal projects where high concentrations of organic contaminants (greater than 20 mg/Kg) are suspected
and a 35 day tumaround for results is adequate. It is recommended for samples obtained from drummed
material, waste pits or lagoons, waste piles, tanker trucks, onsite tanks, and apparent contaminated soil
areas. The waste material may be industrial process waste, byproducts, raw materials, intermediates and
contaminated products, Samples may be spent oil, spent solvents, paint wastes, metal treatment wastes,
and polymer formulations. .

The method is suitable for solids, liquids, or multiphase samples, a phase being either water
miscible lquid, water immiscible liquid, or solid. Various methods of phase separation may be utilized
depending on the number and types of phases in a sampie,

COMPOUNDS AND CRQLs

The Target Compound List compounds included in the analysis and their Contract Required
Quantitation Limits (CRQLSs) are listed in Attachment 1.
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TITLE: USEPA CONTRACT LABORATORY PROGRAM
STATEMENT OF WORK FOR INCRGANIC ANALY SIS
MULTI-MEDIA, MULTI CONCENTRATION

DOCUMENT NUMBER: [ILMO1.0 T

DOCUMENT DATE: | Not Applicable

EFFECTIVE DATES: | September 7, 1990 through September 26, 1993

CONCENTRATION: | Low to Medium

DATA TURNAROUND: |35 Days

MATRICES: | Aqueous/Soil/Sediment*

SIGNIFICANT FEATURES
«  The analyses are suitable for aqueous, soil, or sediment samples at low to medium concentration levels.

«  This Statement of Work includes the midi distiflation for cyanide analysis and the microwave digestion
for GFAA and ICP analyses. Thesé two sample preparation procedures require less sample volume
than the traditional Statement of Work sample preparation procedures.

REVISIONS/MODIFICATIONS

None to date

RECOMMENDED USES

This Routine Analytical Service (RAS) method is recommended for broad spectrum analysis to
define the nature and extent of potential site contamination during SSI, LSI, and RUFS activities. This
method is suitable when a 35 day turnaround for results is adequate. It is recommended for samples from
known or suspected hazardous waste sites where potential contamination may be present at significant risk
levels.

% Sediment samples with high moisture content should be solicited as RAS + SAS (Special
Analytical Service) in order to achieve the CRQLs. '

ANALYTES AND CRQLs
The Target Analyte List analytes included in the analysis and their Confract Required
Quantitation Limits (CRQLs) are listed in Attachment 2.
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TITLE: USEPA CONTRACT LABORATORY PROGRAM
STATEMENT OF WORK FOR INORGANIC ANALYSIS
MULTI-MEDIA, HIGH CONCENTRATION - :

DOCUMENT NUMBER: |IHC01.2

DOCUMENT DATE: _Not Applicable

EFFECTIVE DATES: | May 15, 1991 through November 30, 1993

CONCENTRATION: | High

DATA TURNAROUND: | 35 Days

MATRICES: [ Liquid/Solid/Muiti-phase

- SIGNIFICANT FEATURES
*  Theanalyses are suitable for highly contaminated samples.
*  The analyses are acceptable for liquid, solid, or multi-phase samples. Multi-phase samples are
separated into water miscible liquid, water immiscible liquid, or solid phases. Each phase is analyzed

separately,
*  The analyses include conductivity and pH; potassium is not included.
REVISIONS/MODIFICATIONS

The IHCO01.1 and IHCO1.2 revisions to the IHC01.0 SOW do not significantly affect data
useability, .

RECOMMENDED USES

This routine Analytical Service (RAS) method is recommended for pre-remedial, remedial, or
removal projects where high concentrations of inorganic contaminants are suspected and a 35 day
turnaround for results is adequate. It is recommended for samples obtained from drummed material, waste
pits or lagoons, waste piles, tanker trucks, onsite tanks, and apparent contaminated soil areas. The waste
material may be industrial process waste, byproducts, raw materials, intermediates, and contaminated
products. Samples may be spent oil, spent solvents, paint wastes, metal treatment wastes, and polymer
formulations.

The method is suitable for solids, liquids, or multiphase samples, a phase being either water
miscible liquid, water immiscible liquid, or solid. A phase separation step is applied prior to digestion,
Each phase is analyzed and reported as a separate sample. '

ANALYTES AND CRQLs

The Target Analyte List analytes included in the analysis and their Contract Required
Quantitation Limits (CRQLS) are listed in Attachment 2.
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USEPA Contract Laboratory Program

Statement of Work for Organic Analysis
Multi-Media, Low to Medium and High Conceniralion

Attachment 1 (Cont'd)
Target Compound List and Associated CRQLs

Saml-Volatiles Semi-Voiatllos (1,2) Extractables (3,4}
Low fo Medium Migh Cencantration
Compound Aguecus Low Soil LiguidiSolidMufi-Phase
CRAQL CRaL CROL (mg/ky, ppm)
{ug'L, ppb) (ug/kg, ppb}

Acenaghthalene 10 330 20
2,4-Dirfirephenel 25* 200" 100
a-Nitrophens! a5+ 800 100
Bibenzofuran 10 330 20
2,4-Diritratolusne 10 330 20
Diethy|phthalate 10 330 20
4-Chlgrophenylphenytether 10 iy 20
Fluarane 10 320 20
4.Nircaniline 25" 8og* 100
4,6-Dinitro-2-methyiphenal 25" 80¢° 100
N-nitroscdiphenylamine 10 330 20
4-Bromophenyl-phanylether 10 230 20
Hexachtorobenzene i0 330 20
Ferachicrephenol 25* anor 100
Phenarthtene 10 320 20
Anthracene 10 330 2¢
Carbazole 10 330

Din-butylphihafate 10 20 20
Fiuorarthene 10 330 20

Pyrane 10 330 20
Butyhanzylphihalate 10 ] 20

1,3 .Dichiorobenzidine 10 ag 40
Benzo{ajanthracens 10 330 20
Ghrysene 10 320 20
tis(2-Ethylhexyl)phthalate 19 a0 20
Di-n-octyiphthalate 10 KD 20
Benzo{b}ilucrarthene 10 30 20
Benzo{kifluararthene 10 330 20
Benzo{a}pyrena 10 330 20
indenc{1,2,3-cdjpyrene 10 3ap 20
Dibefizo(a,hjanthracens 10 330 20
Benzo{g,hijperylens 10 330 20

* CRQLs previously 5 ug/L and & ugfkg in 2/88 SOW

* GRQLs previously 20 ugh and 600 ugkg in 2/88 SOW

Note:

$ The sample-specific GRQLs for sail samples will be adjusted for percert maisture and will be higher than those listed

above.

2 Medium lavel soil CROL = 120 x Aquecus CROL reported in ug/kg.
3 Af CROGLs are based on wel weight and apply lo solid and liquid samples.

4 Results for both sofid and liquid samples are reported as mg/kg, wet weight.
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USEPA Conlract Laboratory Program
Statement of Work for Organic Analysis
Multi-Media, Low to Medium and High Concantration

Attachment 1 (Cont'd)

Target Compound List and Assoclated CRQLs

Semi-Volatlles Semi-Voiatites (1,2) Extractables (3,4}
Low to Medium High Conceniration
Compound Aqueous Low Soil Liquid/Solid/Mulit-Fhase
CAGL CAGL CRGL (mg/kg, ppm}
(ug/l, ppb} (ug/kg, ppb)
Acenaphthalene 10 - 330 20
2,4-Dinktrophenol 25% BOOY 100
4-Nitrophanot 25 800* 100
Dibenzofuran 10 330 20
2,4-Diniirotoluane 10 330 20
Dlethy'phihalate 10 330 20
4-Chiorephenyl-phanyiether 10 330 20
Fluorana 10 330 20
4-Nitrcaniline 25" B0O* 100
4,6-Dinfiro-2-mathyiphanol 25" BOO* 100
N-nitroscdiphenylamine 10 330 20
4-Bromophenyl-phanylether 1¢ 20 © 20
Hexachlorobarizena 10 380 20
Pantachlorephaenal 25 800" 100
Phananthrene 10 330 2¢
Anthracene 10 330 20
Carbazola 10 330 -
Di-n-butylphthalate 10 330 20
Fluoranthene 10 330 20
Pyrane 10 330 20
Butylbenzylphthalate 10 330 20
3,3"Dichlorobanziding 1o e lcli 40
Benzo(ajanihracans 10 330 20
Chrysana 10 330 20
bls{2-Ethylhexyl}phthalate 10 330 20
Di-n-oetylpthalats 10 330 20
Banzo(b)ilum_'anthans 10 330 20
Benzo(k)ivoranthana 10 330 20
Benzo{a)pyrane 10 330 20
Indana(1,2,3-cd)pyrene 10 330 20
Diberlzo(a_t.h)amhrag:ena . 10 330 20
Banzofg,h,liperylana 10 330 20

* CROLs praviously & ug/t and 5 ug/kg in 2/88 SOW
* CRQLs previously 20 ug/L and 600 ug/kg In 2/88 SCW

MNota:

1 The sampie-spacific CRQLs for soil samplas wiil ba adjusted for

above,

2 Medium fevel soll CRQL = 120 x Aqueocus CROL reported in ug/kg.
3 AlCRQLs are bassd on wet weight and apply to s0lld and liquid samplas.

4 Results for both solid and liquid samples are reporied as mg/kg, wet weight.
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USERA Contract Labaratery Program
Statement of Work for Organic Analysis
Multi-Media, Low to Medium and High Cancentration

Attachment 1 (Cont'd)
Target Compound List and Associated CRGLs

Seri-Volatiles (1,2) High Conceniration
Low to Medium {3,4)
Compound Agquaoctis Low Soil LiquidSclldMult-
CROL CRAL Phasa CRQL
{ug'L, ppb) {ugg, ppk) {mg/eg. ppm)
Phenol 10 ’ 330 20
bis{2.Chiarosthyljather 10 30 20
2-Chierophensl 10 330 20
1,3-Dichlorobanzens 10 320 20
1,4-Dichlorebanzene 1¢ 330 20
1,2-Dichlerobenzens 10 330 20
2-Methylphanol 10 330 20
2,2-oxybis(1-Chloroprapana) 10 330 20
4-Meathyiphenol 10 0 20
N-nitroeo=ti-n-dipropylamine 10 330 20
Haxachlaroethane 10 330 20
Nirobenzene 10 330 20
|wophorons 10 330 20
2-Nitrophancl 10 330 20
2,4-Dimathylzhencl 10 330 20
bis(2-Chioroethoxymethane 10 30 20
2,4-Diehlorophancl 10 230 20
1,2,4-Trichlorobenzana 10 ekl 20
Naphthalene 10 320 20
4-Chioroaniline 10 330 20
Hexachlorobutadiene 10 330 20
4.Chloro-3-mathylphanol 10 330 <0
2.Mathylnaphthalene 10 330 20
Hexachlorsocyclopantadiene 10 ele] 20
2.4,6-Tricklorophenol 10 azo 20
2,4,5%Frichtorophano! 25" aoo® 100
2-Chicronaphthalene 10 320 20
2-Nitroanifine 25 BOO* 100
Dimathylphihatate 10 30 20
Acenaphthatens 10 330 20
2 6-Dinitrotoiuana 10 a3o 20
3-Nitroaniline 28 800t 100

* CRQLs previously 5 ug/L and & ugikg in 2/8B SOW

Ncle:

1 The sample-spacific CRQLs for soil samples will be adjusted lor percant moisture and wil be higher than

thosa listed above.

2 Madium tevel soil CROL = 1000 x Aquecus CROL reperted in ugkg.

3 A CROL s are based on wat weight and apply to solid and liquid sampiles.
4 Resulis for bath solid and liquid samples are reported as mg/kg, wel weight.
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Attachment 1 (Cont'd)
Target Compound List and Associated CRQLs

Semi-Volatiles Semi-Volatiies ' Extractables (1,2)
Low fo Medium High Concentration
Compound Aquaous Low Soif** Liquid/Solid/Multi-FPhase
CRQL CRQL CRQL (mg/kg, ppm)
{ug/L, ppb} (ugkg, ppb)
alpha-BHC 0.05 1.7 20
beta-BHC 0.05 ~ 1.7 ’ 20
delta-BP;!C' 0.05 17 20
gamma-BHC (Lindane) 0.05 1.7 20
Heptachlor 0.05 1.7 _ 20
Aldrin 0.05 1.7 20
Heptachlor epoxide . 0.05 - 1.7 20
Endosulfan i 0.05 _ 1_.7 _ - 20
Dieldsin - 0.10 3.3 20
4,4-DDE 0.10 3.3 20
Endrin 0.10 : 3.3 20
Endosulfan I 0.10 a3 : 20
4,4-DDD .10 3.3 _ o 20
Endosulfan sulfate 0.10 3.3 © 20
4,4-DDT .10 3.3 20
Methoxychlor 0.5 170 ' 20
Endrin katone 0.10 3.3 20
Endrin aidehyde 0,10 3.3 -
alpha-Ch_!ordane 0.05* 1.7 : 20
gamma-Chlordane 0.05* 1.7 20

Note:

1 All CRQLs are based on wet weight and apply to solid and liquid samples.

2 Results for both salid and liquid samples are reported as mg/kg, wet weight,

Agqueous CRQLs changed from 2/88 SOW to the following:

* Aqueous CRQLs (ug/l) - alpha- and gamma-Chlordana from 0.5 to 0,05,

All low soil CRULs changed from 2/88 SOW to the following:

** Low Soil CRQLs (ugkg): alpha-BHC through Endosulfan | from 8.0 to 1.7;

Dieldrin through 4,4'-DDT and Endiin ketone from 16.0 to 3.3;
Methoxychlor from 80.0 to 17.0;

alpha- and gamma-Chlordane from 80.0 to 1.7.
21.002.079,4
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Attachment 1 (Cont'd) _
Target Compound List and Associated CRQLs

Semi-Volatiles . . Extractables (1,2)
_ Low to Medium _ High Concentration
Compound " Aqueous Low Soif** Liquid/Solid/Multi-Phase
CRQL CRQL CRQL (mgrkg, ppm)
{ug/L, ppb) (ug/kg. ppb)

Butyl alcohol - -- : 20
Benzoic acid - - _ . -- _ 100
Monachlorobiphenyl _ - - 100
Dichiorobipheny| ' - - - 100
Trichlorobiphenyl - -a 100
Tetrachlorobiphenyl - -- 100
Hexachiorobiphenyl ' - o - 100
Pantachiorobiphenyl - - 100
Octachlorobipheny! - - ' 200
Nonachlorabiphenyl e ' - 200
Decachlorobiphenyl - - 200
Heptachicrobiphenyl : -- : - : 100
Toxaphene 5.0* 170.0 : 50
Aroclor-1016 _ 1.07 33.0 _ 10
Aroclor-1221 - 20 67.0 _ 10
Aroclor-1232 Ry 33.0 10
Aroclor-1242 100 33.0 16
Aroclor-1248 1.0* 33.0 10
Aroclor-1254 1.0 33.0 10
Araclor-1260 1.0 33,0 R

Note:
1 A}l CRQLs are based on wet weight and apply to solid and liquid samples.
2 Resutts for both solid and liquid samples are reported as mg/kg, wet weight.
Aqueous CRQLs changed from 2/88 SOW to the fol[dwing:

* Agueous CRQLs (ug/l) - Toxaphene from 1.0 o 5.0;
Aroclors-1016, 1232, 1242, and 1248 from 0.5 to 1.0;
Aroclor-1221 from 0.5 t0 2.0.

All low soil CRQLs changed from 2/888 SOW to the following:

** Low Soil CRQLs {ug/kg): - Toxaphene from 160.0 t¢ 170.0;
Aroclor-1018, 1232, 1242, and 1248 from 80.0 to 33.0;
Aroclor-1221 from 80.0 to 67.0;
Aroclor-1254 and 1260 from 160.0 to 33.0.TCL Ex

24-002-073.4
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USEPA Centract Laboratory Program
Statement of Work for Organic Analysis
Multi-Media, Multi-Concentration and High Concentration

Attachment 2
Target Analyte List and Associated CRQLs

Multi-Concentration (1) High Concenlration {2,3)
Analyte Agueous Low Sail Liquid/Solid/Multi-Phasa
CRQL CROL CROA (mg/kg, pom)
{ugrt, ppb) (ug/kg, ppb)
Aluminum 200 40 80
Antimony &80 12 20
Arsenic 10 2 5
Barium 200 40 a0
Beryllium 5 1 5
Cadmium 5 t 10
Calcium 5000 1000 ap
Chromium 10 2 10
Cobalt 80 10 20
Copper 25 5 40
Iron 100 20 20
Lead 3 0.8 10
Magnesium 5000 1000 80
Manganase 15 3 16
Mercury 0.2 0.1 0.3
Nickel 40 8 20
Potassium 5000 1000 -
Selenium 5 t 5
Silver 10 2 10
Sodium 5000 1000 80
Thaflium 10 2 20
Vanadium 50 10 20
Zinc 20 4 10
Cyanide i¢ 2 1.5
pH - - WA
Conductivity - - 3.0 {umhos/cm)
Note:

1 The sample-specific CRQLs for soif samples will be adjusted for percant maisture and will be higher than those listed

above,

2 Medium level soll CRQL = 120 X Aqusous CRAL reported in ug/kg.

3 Resuits for both solid and liquid samples are reported as mg/kg, wet weight.
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This example is

APPENDIX IX

EXAMPLE DIAGRAM FOR A CONCEPTUAL MODEL FOR RISK ASSESSMENT

This appendix provides a schematic example of a conceptual site model.
a copy of Figure 2-2 of Guidance for Conducting Remedial Investigations and Feasibility

Studies Under CERCLA (EPA 19589i).
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Glossary

Accuracy. The degree of agreement of a measured value with the true or expected value of the quantity of concem.
Anglyvte. The chemical for which a sample is analyzed.

Analvie Speciation. The ability of an analyte to exist in, or change between, chemically different forms (e.g.,
valence state, complexation state) depending on ambient conditions.

Anthropogenic Background Levels. Concentrations of chemicals that are present in the environment due to human-
made, non-site sources (¢.g., industry, automobiles). '

Audit Sample. A sample of known composition provided by EPA for contractor analysis to evaluate contractor
performance.,

Average. The sum of a set of observations divided by the number of observations. Other measures of central
tendency are median, mode, or geometric mean.

Background Sample. A sample taken from a location where chemicals present in the ambient medium are assumed
due to natural sources. :

Bias. A systematic error inherent in a method or caused by some artifact or idiosyncrasy of the measurement
system, '

Biased Sampling. A sampling plan in which the data obtained may be systematically different from the true mean.
Riased sampling protocols are appropriate for certain objectives (c.g., clustering of samples to search for hot spots}).

‘Biota. The plants and animals of the study arca,

Blank. A clean sample that has not been exposed to the analyzed sample stream in order to monitor contamination
during sampling, transport, storage, or analysis.

Broad Spectrum Analysis. An analytical procedure capable of providing identification and quantitation of a wide
variety of chemicals.

Calibration. The comparison of a measurement standard or instrument with another standard or instrument to report

or eliminate, by adjustment, any variation (deviation) in accuracy of the item being compared. The levels of
calibration standards shonld bracket the range of levels for which actual measurements are to be made.

Cancer Slope Factor. A plausible, upper-bound estimate of the probability of cancer response in an exposed
individual, per unit intake over a lifetime exposure period.

Chain-of-Custody Records. Records that contain information about the sample from sample collection to final
analysis. Such documentation includes labeling to prevent mix-up, container seals to detect unauthorized tampering
with contents and to secure custody, and the necessary records to support potential litigation.

gnmm_qf_mgmmgqm A chemical initially identified or suspected to be present at a site that may be
hazardous to human heatth.

Classical Model. A statistical description of experimental data that assumes normality and independence,
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Confidence. Statistically, a measure of the probability of taking action when action is required or that an observed
value is correct, A confidence limit is a value above or below a measnred parameter that is likely to be observed ata
specified level of confidence.

Contract Laboratory Program (CLP). Analytical program developed for analysis of Superfund site samples to

provide analytical results of known quality, supported by a high level of quality assurance and documentation,

Contract Required Quantitation Limjt (CRQL). The chemical-specific quantitation levels that the CLP requires to

be routinely and reliably quantitated in specified sample matrices.
Data Assessment. The determination of the quantity and quality of data and their useability for risk assessment.
Data Quality Indicator (DQD. A performance measure for sampling and analytical procedures.

Data Quality Objectives (DOOs). Qualitative and guantitative statements that specify the quality of the data
required to support decisions. DQOs are determined based on the end use of the data to be collected.

Data Review. The evaluation process that determines the quality of reported analytical results. It involves
examination of raw data (e.g., instrument output) and quality control and method patameters by a professional with
knowledge of the tests performed.

Data Useability. The ability or appropriateness of data to meet their intended use.

Data Validation. CLP-specific evaluation process that examines adherence to performance-based acceptance criteria
as outlined in National Functional Guidelines for Organic {or Inorganic) Data Review (EPA 1991e, EPA 1988¢e).

Detegtion Limit. The minimum concentration or weight of an analyte that can be detected by a single measurement
above instramental background noise.

Dilytion. Adding solvent to a sample, with an analyte concentration higher than the standard calibration curve, to
bring the analyte concentration into a quantifiably measurable range.

Digsolved Metals. Metals present in solution rather than sorbed on suspended particles,

Domaiu. A mappable subset of the total area containing the populations, after which distinct statistical properties
can be described.

Dose-Response Evalpation. The process of quantitatively evaluating {oxicity information and characterizing the
relationship between the dose of a contaminant administered or received and the incidence of adverse health effects
in the exposed populations.

Duplicate. A second sample taken from the same souice at the same time and analyzed under identical conditions to
assist in the evaluation of sample variance.

Exposure Area. The area of a site over which a receptor is likely to contact a chemical of potential concern.

Exposnre Assessment, The determination or estimation {qualitative or quantitative) of the magnitude, frequency,
duration, and route of exposure,

Exposure Pathway. The course of a chemical or physical agent from a source to a receptor. Each exposure pathway
includes a release from a source, an exposure point, and an exposure route.
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Extraction. The process of releasing compounds from a sample matrix prior to analysis.
mmwiwmimﬂ A statement that a condition does ot exist when it actually does,

False Positive (type I of alpha error). A statement that a condition does exist when it actually does not.

Field Analyses. Analyses performed in the field using sophisticated portable instruments or instraments set up in a
mobile laboratory on site. Resuls are available in real time or in several hours and may be quantitative or

qualitative,

Field Portable. An instrument that is sufficiently rugged and not of excessive weight that can be carried and used by
an individual in the field.

Ficld Screening. Analyses performed in the field using portable instruments, 'I‘hé results are available in real time
but are often not compound-specific or quantitative, '

Fixed Laboratory Analvses. Analyses performed in an off-site analytical laboratory.

Frequency of Qccurrence. The ratio of occursence of a chemical éxisling at a site compared to occusrence at all sites
or compared to the frequency at which the chemical was tested for. :

Geographical Information System (GIS). A computerized database designed to overlay multiple information

elements such as maps, annotations, drawings, digital photos, and estimated concentrations.

Geostatistical Model. A statistical or mathematical description of experimental data with special attention to spatial
covariance or temporal variation.

Geostatistics. A theory of statistics that recognizes observed concentrations as dependent on one another and

governed by physical processes. Geostatistical methods consider the location of data and the size of the site for
calculations,

Heterogeneous Distribution. Sample property that is unevenly distributed in the population.
Historical Data. Data collected before the remedial investigation.

Holding Time. The length of time from th'e date of sampling to the date of analysis, CLP designates the holding
time as the date from laboratory receipt of sample until date of analysis.

Homogeneous Distribution. A sample property that is evenly distributed over the population.

Hot Spot. Location of a substantially higher concentration of a chemical of concern than in surrounding areas of a
site, ' :

Hydrocarbon. An organic compound composed of carbon and hydrogen.
Jdentification. Confirmation of the presence of a specific compound or analyte in a sample.

Instrument Detection Limit (IDL). The lowest amount of a substance that can be detected by an instrument without
correction for the effects of sample matrix, handling and preparation.
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Intake. A measure of exposure expressed as the mass of a substance in contact with the exchange boundarSI per unit
body weight and unit time.

Integrated Risk Information System (RIS). An EPA database containing verified RfDs, RECs, slope factors, up-to-
date health risks and EPA regulatory informatien for numerons cheuucals IRIS is EPA’s preferred source for
toxicity information for Superfund. : :

Internal Standard. A compound added to organic samples and blanks at a known concentration prior to analys1s It
is used as the basis for quantitation of target compounds.

Judgmental/Purposive Sampling. The process of locating sampling points based on the i mvesugator § best judgment
from historical data of where the sample should be taken.

Kriging. A procedure utilizing a spatial covariance function and known values at sampling locations to estimate
unknown values at unsampled locations. For each estimate, an error of estimate is generated.

Limit of Detection (LOD). The concentration of a chemical that has a 99% probability of preclucmg an analytical
result above background “noise” using a specific method.

Limit of Quantitation ¢.Q0Q). The concentration of a chemical that has 2 99% probab:hty of producmg an ana]yucal
result above the LOD. Results below LO(Q are not quantitative,

Linearity. The agreement between an actual instrument reading and the reading predicted by a straight line drawn
between calibration points that bracket the reading, :

Lowest-Observable-Adverse-Effect-Level (LOAEL) In dose experiments, the lowest exposure Ievel at which there

are statistically or biologically significant increases in frequency or severity of adverse effects between the exposed
population and its apparent control group.

Mass Spectrum. A characteristic pattern of ion fragments of different masses resulting from analysis that can be
compared with a mass spectral library for analyte identification,

Matrix/Medium. The predominant matenal compnsmg the sample tobe analyzed (e.g., drinking water, slndge, air).
Measurement Byror. The difference between the true sample value and the observed measured value,

Measwrement Variability. The difference betwcen an observed measurement and the unknown true value of the
. property being measured. .

Media Variability. Variability atiributed to matrix effects,
Method Blank Performance. A measure that defines the level of laboratory background and reagent contaniinatioi:.

It is determined by analyzing a method blank consisting of all reagents, intemal standards, and surrogate standards
that are carried through the entire analytical procedure.

Method Deteetion Limit (MDL). The detection limit that takes into account the reagents, sample matrix, and
preparation steps applied to a sample in specific analytical methods.

Mmmuﬂule[egablgﬁﬂmm@ Pefcent difference betweeh two concentration levels that can be detected
in analyses.
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Modeling. A mathematical description of an experimental data set.

Natural Variation. Variation in values or properties of a parameter that are primarily determined by natural forces or
conditions {e.g., variation in background levels of a chemical of potential concern in soils at a site).

Normal Distiibution. A probability density function that approximates the distribution of many random variables
and has the form generally called the “bell-shaped curve.”

Null Hypothesis. For risk assessment, statistical hypothesis that states on-site chemical concentrations are not
higher than background.

Particulate. Solid material suspended in a fluid medium (air or water).

Performance Evaluation Sample. A sample of known composition provided for laboratory analysis to monitor
Jaboratory and method performance.

Perfonnance Objectives. Statements of the type and content of deliverables and results that are necessary to assess
the useability of data for risk assessment. For example, documentation (chain-of-custody records) must be available
to relate all sample results to geographic locations.

Population Yariability. The variation in true pollution levels from one population unit to the next. Some factors that
cause this variation are distance, direction, and elevatio_n.

Power. A parameter used in statistics that measures the probability that the result from a specified sampling or
analytical process correctly indicates that no further action is required.

Practical Quantitation Linit (POL). The lowest level that can be rehably achncved within Spe(:lﬁed limits of
precision angd accuracy during routine laboratory operating conditions.

Precision. A measure of the agreement among mdlwdua} measurements of the same property, under prescribed
similar conditions,

* Preliminary Remediation Goals (PRGs). Initial clean-up goals that 1) are protective of human health and the
environment and 2) comply with ARARs. They are developed early in the process based on readily available
information and are modified to reflect results of the baseline risk assessment. They also are used duting analysis of
remedial altematives in the remedial mvesngauon!feasnb;hty study (RL‘FS)

E&sma;m Treament of a sample to maintain representative sample properties.

Qualifier. A code appended to an analytical result that indicates possible qualitative or quantitative uncertainty in
the result.

Quamamm An analysis that identifies an analyte ina sample w1thout numerical certamty

Quality_Assurance Project Plan (QAPP). An orderly assembly of detailed and specific procedures wluch delineates
how data of known and accepted quality is produced for a spemﬁc pmject

Quantitation Limit. The lowest experimentally measurable signal obtauned for the actual analytc using a parucular
procedure.
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Quanfitative. An analysis that gives a numerical level of certainty to the concentration of an analyte in a sample,
Random Sampling. The process of locating sample points randomly within a sampling arca.

Range of Linearity. The concentration range over which the analytical curve remains linear. The limit within which
response is linearly related to concentration,

Rﬁaﬁnna]ﬂiMaxmnm.Exmm&(BMEl The maximum exposure that could reasonably be expected to occur for a

given exposure pathway at a site. The RME is intended to account for both variability in exposure parameters and
uncertainty in the chemical concentration.

Recepfor. An individual organism or species, or a segment of the population of the organism or species, that is
exposed to a chemical.

Regovery, A determination of the accuracy of the analytical procedure made by comparing measured values for a
spiked sample against the known spike values,

Reference Conceniration (RfC). An estimate, with uncertainty spanning an order of magnitude, of continuous
exposure o the human population {including sensitive subgroups) through inhalation that is likely to be without
appreciable risk of deleterious effect during a lifetime.

Reference Dose (RD). An estimate (with uncertainty spanning an order of magnitude or more) of a daily exposure
level for a human population, including sensitive subpopulations, that is likely to be without an appreciable risk of
adverse health effects over the period of exposure.

Relative Percent Difference (RPD). A measure of precision which is based on the mean of two values from related
analyses and is reported as an absolute value.,

Relative Response Factor (RRF). A measure of the relative mass spectral esponse of an analyte compared to its
intemal standard. RRFs are determined by the analysis of standards and are used in the calculation of concentration

of analytes in samples.

‘Remedial Investigation (RD. A process for collecting data 1o characterize site and waste and for conducting
treatability testing as necessary to evaluate the performance and cost of the treatment technologies and support the
design of selected remedies. . '

Representativeness. The degree to which thie data collected accurately reflect the actual concentration or
- distribution. :

Retention Time. The length of time that a compound is retained on an analytical column {common in GC, HPLC,
and IC).

Risk*Assistant A softwate developed for EPA which provides analytical tools and databases to assist exposure and
risk assessments of chemically contaminated sites.

Risk Characterization. The process of integrating the results of the exposure and toxicity assessments (i.e.,
comparing estimates of intake with appropriate toxicological values to determine the likelihood of adverse effects in
potentially exposed populations), :

Routine Method. A method issued by an organization with appropriate responsibility. A routine method has beenl
validated and published and contains information on minimum performance characteristics.
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Sample Integrity. The maintenance of the sample in the same condition as when sampled.

Sample Ouaptitation Limit (SOL). The detection limit that accounts for sample characteristics, sample preparation
and analytical ad]usuncnts such as dilution.

. A document consisting of a quality assurance project plan, and the field
sampling plan, which provides guidance for all field sampling and analytical activities that will be performed.

Sampling Variability. The variability attributed to various sampling schemes, such as judgmental sampling and
systematic sampling.

Sensitivity. The capability of methodology or instrumentation to discriminate between measurement responses for
quantitative differences in a parameter of interest,

Simple Random Sampling. A sampling scheme where positions, times, or intervals are based on a randomized
selection.

Stope Factor. A plausible upper-bound estimate of the probability of a response per unit intake of a chemical over a
lifetime. The slope factor is used to estimate an upper-bound probability of an individual developing cancer as a
result of a lifetime exposure to a particular level of a potential carcinogen.

Solvent. A liquid used to dissolve and separate analytes from the matrix of origin.

Spatial Variation. The manner in which contaminants vary within a defined area, The magnitude of difference in
contaminant concentrations in samples separated by a known distance is a measure of spatial variability.

Spike. A known amount of a chemical added to a sample for the purpose of determining efficiency of recovery; a
type of quality control sample.

Split. A single sample divided for the same measurement by iwo processes for the purpose of monitoring precision,
accuracy or comparability of two analyses.

Standard Deviation. The most common measure of the dispersion of observed values or results expressed as the
magnitude of the square root of the variance,

Standard Operating Procedures (SOPs). A written document which details an operation, analysis, or action whose
mechanisms are thoroughly prescribed,

Stratified Random Sampling, A sampling scheme where the target population is divided into a certain number of
non-oveslapping parts for the purpose of achieving a better estimate of the population parameter,

Stratified Svstematic Sampling. A sampling scheme where a consistent pattern is apportioned to various subareas or
domains.

Stratify. To divide a physical volume or area into discrete units (strata) which are assumed to have different
characteristics; a numeric procedure to subdivide a set or sets of data.

Suorrogate Standard. A standard of known concentration added to environmental samples for guality control

purposes. A surrogate standard is not likely to be found in an environmental sample, but has similar analytical
properties to one or more analytes of interest.
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Surrogate Technique. The use of surrogate analytes 10 assess the effectiveness of an analytical process (ie., the
ability to recover analytes from a complex environmental matrix).

Systematic Random (Grid) Sampling. A random sampling plan utilizing points predefined by a geometric pattern.

Target Compound/Analyte. The compound/analyte of interest in a specific method. The term also has been used in
the Federal Register to denote compounds/analytes of regulatory significance,

Temporal Variation, Variation observed in chemical concentrations that is dependent on time.

Tentatively Identified Compound (TIC). Organic compounds detected in a sample that are not target compounds,

internal standards or surrogates.

Toxicity Assessment. The toxicity assessment considers the following: 1) the types of adverse health effects
associated with chemical exposures; 2) The relationship between magnitude of exposure and adverse effects; and 3)
related uncertainties snch as the weight of evidence of a particular chemical’s carcinogenicity in humans.
IQK]_QQ}QgLQﬂum_Q[d The concentrauon at which a compound exhibits toxic effects.

JTurnaronnd Time. The time from laboratory receipt of samples to receipt of a data package by the client,

Uncertainty. The variability in a process that may consist of contributions from sampling, analysis, review, and
random error. :

23% Upper Confidence Limit (UCL). A value that, when calculated repeatedly for different, randomly drawn
subsets of site data, equals or exceeds the true mean 95% of the time.

Useful Range. 'I‘hat portion of the calibration curve that will producc the most accurate and precisé results.

Variance. A measure of dispersion. It is the sum of the squares of the differences between the individual values and
the arithmetic mean of the set, divided by one less than the number of values. :

Yiscosity. The physical property of a fluid that offers a continued resistance to flow.

Yolatile Organics. The solid ot liguid compounds that may undergo Spomaneous phase change to a gaseous state at
standard temperature and pressure,

Wavelength. The linear distance between successive maxxma or minima of a wave form.
Weight-of-Evidence Classification. An EPA classification system for characterizing the extent to which available

data indicate that an agent is a human carcinogen. Recently, EPA has developed weight-of-evidence systems for
other kinds of toxic effects, such as developmental effects.
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